
Module 11:
developing sustainable 
and inclusive food value chains 
for cliMate sMart agriculture 
 

Overview

More efficient food systems are desirable from an economic, social and environmental perspective. This 
module will look at the sustainable and inclusive food value chain concept and framework and how this 
approach contributes to climate-smart agriculture (CSA) (section 11.1). Furthermore, information on 
possible technologies and practices along the value chain is provided and possible interventions of dif-
ferent stakeholders are outlined (section 11.2). Finally, a step-by-step approach is provided to help chain 
actors identify where improvements along the chain can be made to achieve sustainable and inclusive 
objectives (section 11.3). 

Key messages

•	 The application of the sustainable and inclusive food value chain approach directly links to CSA and 
can help to improve performance along the value chain from input supply, to food production, to 
post-harvest handling and storage, processing, distribution, marketing and retail, consumption and 
disposal patterns of waste. 

•	 Value is captured and determined by consumers when they buy the product, which trickles down to 
production and support provider levels. In this regard, consumers, in particular those in developed 
countries, have a large degree of power. Consumers’ awareness should be raised regarding reduc-
tion, reuse and recycling of foodstuffs that are still fit for human or animal consumption or other 
purposes, including waste as compost or to generate energy from, such as biogas. 

•	 Public support and investment, as well as public-private partnerships, are needed to ensure that sus-
tainable technologies and practices are adopted. This may be necessary because, for example, green 
technologies may not be profitable in the short term, but socially and environmentally beneficial. In 
order to overcome these short-term trade-offs, support should be provided to contribute to the trans-
formation towards an agriculture that is climate-smart. Capacity building should also be supported 
to help smallholders adopt more sustainable production practices as well as to help them find other 
uses (reuse or recycling) for their food waste, which can generate social (i.e. job creation) and envi-
ronmental benefits.
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11.1 Introduction to sustainable and inclusive 
food value chains
This module addresses the following questions: What is a sustainable and inclusive food value chain? How 
does this framework contribute to CSA? As food losses and waste occur along the entire chain, how does 
analyzing the sustainable and inclusive food value chain help to identify possible interventions to improve the 
performance of the chain? Which kind of technologies, practices and interventions by different chain actors can 
help to improve the sustainability and inclusiveness of the chain? 

the sustainable and inclusive food value chain framework
The sustainable and inclusive food value chain can be defined as: 

“the full range of farms and firms and their successive coordinated value-adding activities 
that transform raw agricultural materials into food products that are sold to final consumers 

and disposed after use, in a manner that is profitable throughout the chain, 
has broad-based benefits for society and does not permanently deplete natural resources.”

(FAO, 2013)

One of the characteristics of the sustainable value chain is its inclusiveness, which implies that value chain 
development should be inclusive of the poor. However, it does not necessarily mean a focus on the poorest of 
the poor, rather smallholder farmers that have the capacity and those that are commercially oriented. 

Figure 11.1 
The sustainable food value chain framework
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The sustainable value chain framework (see Figure 11.1 above) consists of the core value chain, which includes:
•	 the value chain actors: these are mainly private sector actors, but can also consist of public sector organi-

zations. They are heterogeneous and vary with regard to size different ways;
•	 four core functions or stages: this includes production (farming), aggregation, processing and distribution 

(wholesale, retail). The aggregation stage is where basically post-harvest handling and food storage takes 
place; and

•	 governance structure: refers to the government mechanisms and linkages between the different chain 
actors in the chain.

 
The extended value chain includes: 
•	 business development support providers: they facilitate the value addition process and can be divided into 

three groups: input, service and financial providers.  

Another characteristic of the value chain is that value is determined in end markets. This means that if addi-
tional value is added to the product due to, for example, use of a green technology, the value is determined and 
captured by the chain actors only when the consumer buys the product. There are different ways in which value 
is added to a product, for example when a product is processed or packaged. Value can also be subtracted at 
any stage in the value chain, such as when post -harvest losses occur during storage and packing. 

Furthermore, value chain actors and business support providers operate in a national and global enabling en-
vironment, which contains social and natural elements. The social elements can be categorised into socio-cul-
tural (e.g. customs, beliefs, values), organizational (e.g. partnerships, cooperatives, associations), institutional 
(e.g. laws, regulations, policies) and infrastructural (e.g. roads, rail lines, electrical grids, telecommunications) 
issues (see Module 12 for more information on institutional context analysis).

The sustainability of the food value chain revolves around three dimensions. 

1. An economic dimension, which focuses on activities that each actor or service provider provides that is 
commercially viable (profitable) or services that are fiscally viable. 

2. A social dimension, which refers to social and cultural aspects regarding societal acceptance of the dis-
tribution of benefits and costs associated with the increased value that has been created. For example, it 
takes into account how food is consumed, the amounts of energy and water used when food is prepared or 
cooked as well as whether consumers reduce, reuse or recycle their food waste. 

3. An environmental dimension, which refers to the sustainable use of natural inputs and resources through-
out the chain as well as any impact on biodiversity, the amounts of greenhouse gas (GHG) emissions 
released, and the carbon sequestration and reduction potential of GHGs in the process of value creation. 

how does the sustainable and inclusive food value chain contribute to csa?
The agricultural sector, including crop and livestock production, fisheries and forestry, must transform and be-
come climate-smart in order to successfully tackle current food security and climate change challenges. The 
sustainable and inclusive food value chain approach can be applied for this transition as its three sustainability 
dimensions – economic, social and environmental are directly linked to three pillars of CSA. 

There are many similarities between the two approaches. Both approaches focus on increasing productiv-
ity, profitability and incomes. The sustainable and inclusive food value chain focuses, in particular, on how 
increased value is captured at end markets as consumers are willing to pay for this value addition. Moreover, 
it includes a distributional principle, which implies that profits and incomes should be equally distributed, 
thereby aiming to increase people’s resilience to shocks and variability, which is the second pillar of CSA. The 
only difference between the two approaches is that sustainable and inclusive food value chain looks at envi-
ronmental impacts in a broader sense, for example it also considers the water footprint of food products and 
not merely GHG emissions. 
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Practices and technologies, many of which already exist, need to be not only profitable, but should also be 
socially beneficial and reduce the impact on the environment in order to be sustainable. Sustainability that is 
achieved across this triple bottom line can therefore also contribute to reaching the objectives of CSA as the 
two approaches are complementary. 

trade-offs and synergies 
In the sustainable and inclusive food value chain approach, sustainability is achieved in the overlapping area 
indicated with ‘SFVCD’ of the three sustainability dimensions in Figure 11.2 

Figure 11.2 
The three sustainability dimensions in food value chain development 
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Regarding these three dimensions there often are trade-offs, such as between achieving food security, poverty 
alleviation and environmental objectives. For example, the transformation of food systems can cause unin-
tended environmental damage and environmental protection policies can have negative impacts on certain 
societal groups like the poor. Another example is the introduction of a new technology, which can be environ-
mentally sustainable, but may not be commercially viable in the short run. Or, when consumers decide to buy 
more local food instead of imported food, this may result in lower GHG emissions from transport and can result 
in increased incomes of local producers, but may erode incomes of producers in developing countries.

Trade-offs exist when components of a system, such as the three sustainability dimensions, are competing with 
or are exclusive of each other. In this regard, trade-off decisions do not result in a win-win situation, but rather 
result in a win-lose situation. In economics, trade-offs are mostly discussed in the context of the opportunity to 
realize different objectives such as economic, societal or environmental objectives. Trade-off analysis helps to 
take decisions with information related to economic arguments (‘efficient allocation’), distributional arguments 
(‘fair distribution’) and scale arguments (‘sustainable scale’) (Daly, 1992). In economics, trade decisions are 
usually supported by a cost-benefit analysis, in which the monetary valuation of costs and benefits is outlined. 
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In a cost-benefit analysis, costs are analysed, including investment and operating costs, but also opportunity 
costs, which may include the income producers forego during the transition to sustainable agricultural devel-
opment practices and approaches. It can take several years until these practices become profitable again and 
many producers are not able to bridge the gap in the income that they lost. Moreover, transaction costs, which 
are the costs related to transport, communication and coordination should be taken into account as well as 
risk, insecure access to resources and uncertainty. 

Appropriate institutions and policies can greatly reduce opportunity costs, such as social safety nets and pro-
grammes to reduce risk and strengthen resilience (see also Module 16 on the role of safety nets). Institutions 
that promote effective collective action greatly reduce transaction costs in public investment and public-pri-
vate partnerships aimed at expanding agricultural research and improving extension services, combined with 
capacity building which helps support smallholders adopt more sustainable production practices (see also 
Module 12 on institutions). The costs, as well as the distribution of the benefits, should be equally shared in 
order to successfully achieve the transition to sustainable agricultural consumption and production. Multi-
stakeholder and multi-sectoral coordination and cooperation is therefore crucial. 

Synergies 
The traditional view is that improving the environment often negatively affects a firm’s performance. According 
to Clemens (2006), research has shown that this is not the case as a positive relationship between green and 
financial performance was found, in particular for small firms, and those that perform better environmentally 
were also the most financially successful. 

Moreover, improving social and environmental sustainability has increasingly become a strategic issue, be-
cause it determines market access (standards compliance), competitiveness (market differentiation). Further-
more, inclusiveness and greenness are also becoming sources of value creation. 

However, there is still the challenge to avoid trade-offs and to capture potential synergies among the three 
sustainability dimensions. At times, interventions may need to be planned and implemented in a coordinated 
manner to counterbalance these trade-offs.

the sustainable and inclusive food value chain development 
and its ten basic principles
As previously mentioned, the sustainable and inclusive food value chain approach and CSA are complementary, 
but how are we able to use this approach to contribute to CSA? 

It is important to understand what value chain development is. The aim of value chain development is to achieve 
a positive or desirable change in a value chain. A value chain development intervention can range from improv-
ing business operations at production, processing, storage level or the relationship between different actors or 
the access to knowledge, information and innovation (UNIDO, 2011). 

This section takes an in-depth look into the sustainable and inclusive food value chain development (SIFVCD) 
framework and the ten basic principles that guide this approach.

The SIFVCD can be divided into three phases: 
1. understanding performance
2. improving performance
3. measuring performance 

Within each phase different principles apply as shown in Figure 11.3 below. 
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Figure 11.3 
The ten principles of SIFVCD
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Everything in a value chain is directly or indirectly linked. Because of this interdependence between every 
activity and actor, the value chain should be understood in a holistic way. Not only is everything linked within 
the value chain system, it is also connected to other systems, like market, farming, financial, global trade and 
infrastructural systems as well as the natural environment and the political, social, legal and regulatory sys-
tems. As a result, the value chain system may also be influenced by these systems. 

Understand performance: 
1. Dynamic systems based

This principle refers to the fact that the value chain is a dynamic system as it evolves over time due to certain 
factors, which can result in desirable or undesirable directions. The main factors that can push the system 
in certain directions can include changes in profitability, market demand, technology, barriers to entry, risk 
and policies.

2. Governance-centered
Chain actors are linked to each other via various governance mechanisms, which include contracts, agree-
ments and partnerships. These government mechanisms are linked to the firms’ degree of market power 
and collective action of chain actors, the type of service providers and the broader enabling environment 
(e.g. laws and regulations, policies and public infrastructure). Trust, in both the actors and enabling environ-
ment, can have a positive or negative impact on the performance of the entire value chain. 

3. End-market driven
This principle refers to the fact that value addition is eventually determined in the end-market. It is based 
on the consumer’s decision to buy the product. This decision could be based on the price of the product, 
intrinsic qualities like physical appearance, nutritional value, attributes of the brand or how the product 
was produced taking in considerations such as carbon footprint. 
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Improve performance:
4. Targeted (vision, right stakeholders and strategy driven)

This principle refers to strategic actions to improve the performance of the chain, which should firstly 
include a vision and have realistic and quantifiable objectives that address the triple bottom line as well 
as be in line with national development plans. In addition, these objectives also need to be acceptable and 
inspiring to stakeholders as well as to generate buy-in, political will and entrepreneurial drive. Secondly, 
the strategy needs to involve the right stakeholders (inclusiveness) so that poverty and hunger can be ad-
dressed not on a short-term basis, but in a sustainable manner. Thirdly, strategic actions need to be under-
taken where the largest impact can be achieved in economic, social and environmental terms. 

5. Upgrading focused
In order to improve the performance of a value chain, upgrading has to be undertaken. The aim of upgrad-
ing is to realise one, two or all of the triple bottom line objectives: 1) increasing profits through efficiency 
measures or value addition; 2) increasing inclusiveness by improving social impact; 3) reducing environ-
mental impacts of the entire chain. Upgrading can take place in different forms, e.g. a technology, organi-
zational, network, institutional, process, product/market or a functional upgrade. Successful upgrading 
involves the integration of individual upgrades along the chain as well as actions to improve the enabling 
environment.

6. Scalable
This principle aims to achieve impact at scale. Scale is crucial, because a larger impact is highly desirable, 
but also because upgrading is often enabled due to an increase in scale. 

7. Multilateral
Improving the entire performance of a value chain requires a coordinated and collaborated effort by the 
private sector, as the driver in the value addition process, and the public sector, including donors and civil 
society, as facilitators of the enabling environment.

Measure performance:
8. Economic sustainability

Refers to a value chain performance that provides equal or higher profits or incomes for each stakeholder.
9. Social sustainability

Refers to a value chain performance where additional value is created (additional profits and wage incomes) 
that benefits a large number of poor households, which is equitably distributed along the chain and has no 
impacts that would be socially unacceptable, including no socially objectionable practices like unhealthy 
work conditions, child labour, violation of strong cultural traditions, etc. 

10. Environmental sustainability 
Refers to a value chain performance where the additional value created does not permanently deplete natu-
ral resources (water, soil, air, biodiversity). 

11.2 Sustainable and inclusive food value chains 
in practice: the case of food losses and waste 
Food is lost and wasted at every stage within the food value chain. In medium- and high-income countries, food  is 
largely lost and wasted after the farm gate and in particular at the retail and consumption stage, 
while in low-income countries food is mostly lost during the production, post-harvest and processing stages 
of the food chain and much less is wasted at the consumer level (FAO, 2011b; Hodges et al., 2010). 

One of the major components of SIFVCD is reverse channels or backward channels. Waste streams are cre-
ated at every level of the agri-food value chain and it is important that these are managed appropriately, so 
as to reduce the waste stream impact on economic, social and environmental aspects. The strategy of the 3 
Rs (reduction, reuse and recycle) is commonly adopted, especially the reduction strategy. As a result of the 
large quantities of food loss and waste that occur at many levels of the agri-food value chains, food losses and 
waste need to be considered as an integral part of SIFVCD that can successfully lead to CSA. 
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It should be kept in mind that while reducing food losses and waste may be desirable from social and en-
vironment points of view, it may not always be economically desirable or feasible as the economic costs of 
reduction may be higher than the production costs. An analysis of whether and how food losses and waste 
can be sustainably reduced should take into account these three dimensions: economic, social and environ-
mental. 

In order to identify opportunities to sustainably reduce food losses and waste along the chain, it is important 
to understand the functioning of these chains, in particular how value which can then be captured by the chain 
actors is increased.

food losses and waste volumes 
It is estimated that approximately 1.3 billion tonnes a year, which is roughly one-third of the food produced 
globally for human consumption, is lost annually (FAO, 2011b). Fresh fruits and vegetables are among the 
most lost and wasted food, due to their highly perishable nature (Parfitt et al., 2010). While similar amounts 
are disposed of in both developed and developing countries (670 and 630 million tonnes respectively), the per 
capita food loss in Europe and North-America (around 280-300 kilograms per year) is more than double that 
of Sub-Saharan Africa and South/Southeast Asia (about 120-170 kilograms per year) (FAO, 2011b). 

There are currently no published studies available related to the exact amount of food waste in developing 
countries, where much less is wasted by consumers compared to developed countries. Various studies have 
been undertaken at country level in developed countries, such as in the United Kingdom (Cathcart and Mur-
ray, 1939; Osner, 1982) with food waste estimations as high as 25 percent (WRAP, 2009). Similar figures were 
found in other developed countries, around 15 percent in the United States (Kader, 2005) and Australia (Mor-
gan, 2009) and slightly lower numbers ranging from 8 to 11 percent in the Netherlands (Thőnissen, 2009). The 
total amount of food wasted by consumers in industrialized countries is nearly as high as the total net food 
production in Sub-Saharan Africa. 

causes of food losses and waste
In developing countries, food is mostly lost and wasted, because of the way food is: 
•	 produced;
•	 handled after harvest;
•	 stored;
•	 preserved; and 
•	 processed. 
 
In addition, food is lost and wasted due to people’s lack of access to food, as a result of:
•	 insufficient income;
•	 lack of or limited markets; and 
•	 lack of or inadequate infrastructure, such as roads, railways, waterways, port infrastructure. 
 
In developed countries it is due to among others:
•	 how food is stored; 
•	 prepared and cooked; and 
•	 the food choices that people make (e.g. people buy more food than they need, put more food on their plates 

than what they eat). 
 
Figure 11.4 provides an overview of a simplified food value chain, where the causes of food losses and waste at 
the various stages are identified, as are possible interventions by chain actors aimed at increasing efficiency, 
sustainability and value addition. The various types of actors that are often involved at the different stages are 
also introduced. Note that ‘distribution, transportation and packaging’, may be undertaken at several stages 
within the chain, depending on the product. In addition, consumer behaviour can have a certain amount of in-
fluence on the whole chain, as the choices they make feed back into the production stages. 
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Figure 11.4 
Causes of food losses and waste; possible interventions that can be undertaken 
by chain actors depicted in a simplified food value chain
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Enhancement in value
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in packaging 
and processing 
techniques 
including 
threshing and 
solar drying of 
produce;

•	Improvements in 
cooling through 
i.e. low cost 
cooling practices 
to maintain quality 
and extend post-
harvest life;

•	
Livestock and 
dairy products 
e.g,: 

•	Improvement 
in slaughtering 
techniques, 
processing, and 
packaging; 

•	Improvements 
in cooling, 
packaging and 
milk treatment, i.e. 
pasteurization and 
milk processing 
to products 
(e.g. cheese and 
yoghurt) 

•	
Fish commodities, 
e.g.:

•	Improvements 
in processing 
and preservation 
techniques

Developing 
countries:

•	Investment 
in transport, 
infrastructure 
and marketing 
systems;

•	Investment in 
cooling and 
storage facilities;

•	Improvement in 
hygiene practices;

•	Improvements in 
access to markets 
through collective 
marketing, 
increase 
accessibility 
and availability 
of market 
information; 

•	Exploring possible 
‘niche markets’ 
for product 
diversification;

•	Improvement 
in packaging 
practices

Developed 
countries: 

•	Offering smaller 
packages; 
fewer varieties 
on shelves; 
improvements in 
packaging material 
to increase shelf 
life;

•	Alternative 
markets and food 
uses;

•	Coordinated 
and coherent 
regulatory 
frameworks (e.g. 
policies), including 
food labeling and 
legislation;

•	Optimized 
communication 
from producers to 
consumers

•	Improvements in-
home food storage, 
preparation 
and cooking 
techniques; 

•	Reduction in 
the amount that 
consumers buy 
through awareness 
raising, education 
(i.e. food litreacy)

•	Improvement in 
the separation of 
waste, 

•	Improvement of 
various waste 
management 
practices, which 
results in a higher 
efficiency rate
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Enhancement in value

Distribution, transportation and packaging
 

Consumer behaviour can influence the whole food chain to a certain extent

Food production
Post-harvest 

handling &
food storage 

Food processing
Food distribution, 

marketing, retail 
production

Food 
consumption  Disposal of food

Involved chain actors: 
•	Farmers, 

agricultural 
labourers, 
commodity 
producers, 
livestock holders, 
fisherfolk

•	Packers, millers, 
crushers, refiners

•	Processed foods 
manufacturers, 
artisan to global

Importers, 
exporters, brokers, 
wholesalers, small 
grocery shops; 
supermarkets, 
restaurants, fast 
food companies

•	Consumers •	Consumers, waste 
management 
companies, local 
authorities

Source: adapted from IFPRI, 2011; Parfitt et al., 2010

possible practices and solutions to improve the sustainability 
along the food value chain 

Food production stage
Vegetable commodities and products
Pre-harvest cultivating and harvesting practices influence the post-harvest life of products due to decisions made 
regarding what, when and how to plant and when to harvest (FAO, 1998). Pre-harvest production practices and 
factors, including cultivation practices, quantity of water, type of soil used, may all affect post-harvest quality, shelf 
life and post-harvest losses. Good post-harvest practices can also prolong the post-harvest life of particular fruits 
and vegetables. However, this also depends on the conditions when and how the produce is harvested. In develop-
ing countries and sometimes in developed countries, food may be lost due to premature harvesting as farmers 
may decide to harvest crops earlier, because they are food insecure or need to generate income. It may also hap-
pen that harvesting is undertaken too late or that losses occur during harvesting due to damage and/or spillage. 
As a result, food may be lost and wasted during the production stage (FAO, 1998; FAO, 2011b; Prusky, 2011). 
In the context of food loss and waste reduction, adopting good agricultural practices is key as well as following 
specific rules when harvesting crops (see Box 11.1 below). 

Good agricultural practices and rules of harvesting
Good agricultural practices involve adequate soil management, including management of weeds, crop protec-
tion and maintenance of crop hygiene. The latter involves the collection and removal of decaying plants, fruits 
and wood that can lead to infections in vegetables and fruits, which may result in post-harvest losses and 
waste. In addition, the amount of water provided to the plant, the use of fertilizers, pesticides and herbicides 
can all influence the post-harvest quality and quantity of the produce and thus provide entry points to reduce 
post-harvest losses (FAO, 1998; FAO, 2002). 

The basic rules of harvesting with the aim to get the crops in the best possible condition to the market are:
•	 harvest during the lowest temperature of the day: early morning or late afternoon; 
•	 do not harvest produce when it is raining or when there is dew, when the produce is wet it is  more likely to 

decay as well as it is more vulnerable to damage; and
•	 make sure to protect the harvested produce from sunlight if it cannot be immediately transported.  

Livestock production and dairy products
Losses and waste in the livestock and dairy production sector may occur due to various reasons. During live-
stock production, losses and waste may occur due to poor feeding or diseases, e.g. swine fevers, tick-borne 
and zoonotic diseases during breeding, which may lead to animal death. During dairy production, losses and 
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waste may occur due to poor milking techniques, illnesses, infection or diseases, which have a negative impact 
on milk production (FAO, 2011b; FAO, 2011d). 

Good livestock production and dairy farming practices
Good livestock production and dairy farming practices include proper management and housing, nutrition (ad-
equate and nutritious) of feed and water, milking hygiene and animal health through vaccinations and drugs, 
all aimed at minimizing and avoiding food losses and waste. In particular zoonotic diseases, which are dis-
eases that can be passed on from animals to humans, should be controlled in order to prevent animal, and 
possible human, death (FAO, 2002; FAO and IDF, 2011). 

Fish commodities
Fish losses may occur due to infrastructural inefficiencies, infestation or ‘bycatch’ and discards during fishing 
(Cheke and Ward, 1998; Kumolu-Johnson and Ndimele, 2011; see also Module 10 on fisheries and aquaculture). 
According to the International Guidelines on bycatch management and reduction of discards, which were en-
dorsed in February 2011 by the Committee on Fisheries, discards are defined as: 

“that portion of the total catch, which is thrown away or slipped. They may be comprised 
of single or multiple species and may be alive or dead. In the context of these guidelines, 

discards refer to the throwing away or slipping of dead fish and fish that may not survive after live release.”
(FAO, 2011c) 

It is estimated that around 20 million tonnes of catch a year is discarded at sea (FAO, 2010a). 

There is no standard international definition for ‘bycatch’ as the term has different meanings and regulatory 
interpretations in different countries. However, bycatch can be understood to mean catch that a fisher did not 
intend to catch, but could not avoid. 

Good practices to manage and reduce bycatch and discards
Bycatch can be managed and discards can be reduced through, among others: 
•	 input and control measures;
•	 special and/or temporal measures;
•	 design improvements and use of fishing gear and bycatch reduction devices (e.g. mesh and hook size, 

turtle excluder devices);
•	 use of operational techniques that reduce bycatch (i.e. backdown manoeuvre during purse-seining); 
•	 use of techniques that increase the survival rate of the released catches; and
•	 use of vessel and fishing gear position monitoring and habitat mapping systems 

(FAO, 2011c). 

Post-harvest handling and food storage stage and food processing stage
Vegetable commodities, livestock and dairy products and fish commodities
Food losses and waste of crop, livestock and fish products at the post-harvest handling & storage stages and 
at the processing stage may occur due to:

•	 spoilage, as a result of lack of or inadequate cooling facilities and lack of adequate infrastructure for 
transportation;

•	 spillage, contamination, and degradation, not only as a result of poor and inadequate handling, such as 
during transport and storage and in the case of bovine, pork and poultry meat inadequate slaughtering, 
but also due to processing, such as during washing, peeling, slicing and boiling of fruits, vegetables and 
during canning or smoking of fish;

•	 inadequate preservation of the products; 
•	 trimming, as a result of the selection of products with the right shape, weight, size and appearance;
•	 packaging, as a result of damaging due to use of poor quality containers. 

(FAO, 1989; Parfitt et al., 2010; FAO, 2010b; FAO, 2011d)
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Good post-harvest handling and storage practices 
A variety of practices and technologies are available for reducing post-harvest losses related to post-harvest 
handling and storage. Good handling practices in order to avoid mechanical damages include ensuring that:

•	 containers are not too full if they need to be stacked on top of each other; 
•	 containers are not dropped or thrown;
•	 produce is not directly put on the soil, in particular soil with a high moisture content; 
•	 containers and field containers are clean;
•	 the produce is not brought into contact with oil, gasoline or chemicals that should not be applied; 
•	 produce is largely kept in the shade to reduce the temperature of fresh produce;
•	 produce is field packaged, which reduces costs by improving the speed of post-harvest handling and re-

duces losses and waste 
(FAO, 1989) 

Other possible interventions to reduce food losses include:
•	 immediate transportation after harvesting of crops, and landing in the case of fish; 
•	 using improved preservation and processing techniques including threshing and solar drying of produce; 
•	 using low cost and efficient storage and cooling structures; and
•	 using practices, i.e. pasteurization and milk processing into cheese and yoghurt, to maintain product qual-

ity and extend post-harvest life.  

This section features two case studies, illustrated in Boxes 11.1 and 11.2, of improved post-harvest practices 
with regard to post-harvest processing.

The improved rice thresher cleaner (ASI) (see Box 11.1) is an affordable and locally constructed rice thresher 
which increases grain quality and therefore product value, which may ultimately lead to additional income for 
farmers. It also substantially reduces the amount of labour used and thus increases labour efficiency. 

Box 11.1 
An improved rice thresher cleaner (ASI) technology

 ©Marco Wopereis

An ASI rice thresher is being used 
in Mali, AfricaRice http://www.

africarice.org/publications/ricetoday/
The_little_machine_that_could.pdf

A successful technology to reduce post-harvest rice losses is the improved rice 
thresher cleaner (ASI) which was introduced in the Senegal River Valley in 
1997. The rice thresher was developed in collaboration between the Africa Rice 
Centre (AfricaRice, previously WARDA) and the International Rice Research 
Institute (IRRI), which identified a prototype Asian rice thresher-cleaner. 
National researchers from the Senegal River Valley National Development 
Agency (SAED) and the Senegalese Institute of Agricultural Research (ISRA) as 
well as with other partners including artisans, farmers, farmers’ organizations 
and an agricultural machinery factory then developed the first prototype of an 
improved rice thresher cleaner (ASI), which was commercially released in 
1997. It is an affordable technology, which is locally constructed and accepted 
by farmers in rice-growing areas. Field surveys identified that post-harvest 
crop losses were estimated to be as high as 35 percent due to the inefficiency 
of manual threshing (Africa Rice Centre, 2005). As a result, grain is inefficiently 
separated or damaged, which leads to poor grain quality, lower marketable 
value or rejection of locally produced rice. The ASI is able to thresh six tonnes 
of rice per day, while manual threshing would produce only one tonne per day. 
The grain-straw separation is 99 percent and no additional labour is needed for 
sifting and winnowing (Africa Rice Centre, 2005; Azouma et al., 2009). The ASI 

thresher has been widely adopted in Senegal as it improves the quality and marketability of rice and it increases 
productivity by relieving farmers from manual threshing, which is highly time consuming and labour intensive. It is 
estimated that currently more than half of total rice produced in Senegal is threshed with the ASI thresher and after 
using the thresher for 90 days the benefit cost ratio reaches 2.3 (Africa Rice Centre, 2005; World Bank, 2011). Through 
further modification and adaption to other countries it has been successfully transferred to other West African 
countries, including Mauritania, Mali, Burkina Faso, Ghana and Côte d’Ivoire (World Bank, 2011). In 2003 the ASI 
thresher won the special President of Senegal Prize for Science Research (Diagne et al., 2009). 
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As in the previous example, the following low cost, improved and locally produced processing technology (see 
Box 11.2) has increased the quantity and quality of the product, thereby increasing incomes. Moreover, due to 
the use of solar energy, it does not contribute to the release of GHG emissions (see more on energy-smart food 
systems in Module 5).

Food distribution, marketing and retail stage
Distribution and transportation
In developing countries food is lost and wasted throughout the food chain due to distribution and transporta-
tion problems. Issues include whether roads exist at all, whether roads and vehicles are kept in good repair, 
whether roads are also accessible during the rainy season and whether roads are passable by large vehicles. 

Transportation conditions
Poor transport conditions can easily damage products. For example, vehicles that are overloaded, products 
that are poorly packaged or carried in an unsuitable vehicle and insufficient ventilation and cooling all increase 
the amount of post-harvest losses. In addition, the amount of time it takes for a product to reach the consumer 
contributes to losses, because the longer the product is under the sun or in humid or in other weather condi-
tions, the shorter its life span. This is because fruits and vegetables easily spoil and damage as they contain 
65 to 95 percent of water and as soon as their food and water reserves are depleted, the product deteriorates 
and perishes and may become inedible before it reaches the consumer. Therefore, they need to be marketed 
as soon as they are harvested. Therefore, the transportation of the harvested produce should be planned in 
advance so that losses can be minimized (Parfitt et al., 2010; Kitinoja, 2011). 

Road infrastructure
Transportation costs as well as the price of products increase with poor road infrastructure. A study by Minten 
and Kyle (1999) in Zaire showed that transportation costs made up one-quarter to one-third of the wholesale 
price of domestic products due to the poor conditions of rural roads. Increasing efficiency means increasing 
the efficiency of infrastructural systems (FAO, 2009). Furthermore, not only limited infrastructure, but also the 
lack of transport is one of the barriers that smallholders face. As a result, some smallholder farmers are not 
able to access markets and thus are not able to generate income. 

Box 11.2 
Low cost fish solar dryer 

Sun drying is one of the traditional methods to preserve and process fish. During sun drying, moisture is removed 
from the produce so that the product can be stored for certain periods of time. Sun drying, which is the most common 
form of drying, has some disadvantages, such as direct exposure to adverse weather conditions, generally lower 
drying temperatures, longer drying times, poor final quality and the possibility of contamination by insects, birds, 
animals. An improved practice of sun drying is solar drying. 

Solar drying shortens the drying time due to higher temperatures being generated. The solar dryers do not necessarily 
protect the product against the sun, but they protect it against rain, insects, animals and contamination from other 
sources. Solar dryers have a simple structure that usually consist of a wooden or bamboo-frame table, which is 
covered with plastic or glass or other material that is locally available. The material can be painted black so that 
the heat of the sun will be absorbed. The solar dryer has openings at the top and at the bottom of the drier so that 
the heated air will flow through the structure and will decrease the moisture content of the fish. Various structures 
have been established in different countries, including in Bangladesh, Indonesia, Rwanda, the Philippines and Papua 
New Guinea. Studies have shown that solar driers can increase drying rates and produce lower moisture content in 
the final products, which results in improvements in fish quality and reduction in losses compared to traditional sun 
drying techniques (OIA, 1988; Bala and Janjai, 2009; Davies and Davies, 2009; Sengar et al., 2009). 

A study undertaken by Sengar et al. (2009) showed various benefits of the use of a low cost solar dryer compared to 
sun drying, including a reduction of the time to reduce the moisture content of prawns by 15 to 16 percent as well as 
an improvement in colour and texture. It was estimated that the low cost solar dryer was affordable to local fishers, 
who could recover the investment cost of the solar dryer within a period of 0.19 years. In addition, this is a sustainable 
method of drying as it does not generate GHG emissions. 
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Modes of Transportation 
Food is transported in many forms, such as in small and palletized field containers, in bulk bins, in hand-
loaded sacks, in wooden or plastic boxes and so on. Furthermore, food is transported by different modes of 
transportation, such as in animal-drawn carts, on bikes, by trucks, trains, boats and planes. The most energy 
efficient mode of transportation to transport food or other goods is by water, followed by rail, road and air (Pi-
mentel and Pimentel, 1996).

Refrigeration 
Food should be adequately refrigerated during transport, this is crucial in terms of reducing losses. Refrigera-
tion helps to reduce the rate that microbiological, physiological, biochemical and/or physical changes occur 
in food and thus helps to ensure safety and quality of food as well as the transportation of food over long dis-
tances (Gac, 2002; James et al., 2006; Tassou, 2009; James and James, 2010). At present, less than 10 percent 
of all perishable food is refrigerated (Coulomb, 2008). According to the International Institute of Refrigeration 
(2009) over 200 million tonnes of perishable foodstuffs could be preserved, which is approximately 14 percent 
of the food currently consumed in these developing countries, if they could attain the same amount of refriger-
ated equipment as in developed countries (James and James, 2010). 

The level of perishable food that is being transported by air has increased by 10 to 12 percent a year since the 
1990s (Stera, 1999). Even though food is able to be transported over vast distances within a shorter period of 
time, there are some disadvantages with air freighting of food. Among others, during a large part of the jour-
ney, up to 80 percent of the total transportation time, the food is exposed to temperatures ranging from 15 to 
20 degrees Celsius and often unprotected (Dellacasa, 1987). 

Carbon dioxide emissions associated with transport
One of the arguments often brought up in relation to reducing carbon emissions is producing food locally, 
because the amount of ‘food miles’ (the distance that food is transported from production to consumption) is 
reduced (Seyfang, 2006). However, the negative impact of these ‘food miles’ actually varies, depending on the 
mode of transportation, conservation and seasonality whether the overall environmental impact is lower for 
local foods. Bentley and Barker (2005) compared the transportation distance of seven locally produced foods 
with the shipping distance of the same imported food items so that the environmental impact of their trans-
portation could be calculated (DEFRA, 2005). It was estimated that the imported items travelled on average a 
distance of 5 364 kilometres, which meant that the imported items travelled 81 times further than the local 
foods. As a result, carbon dioxide emissions were higher for the imports than for the locally produced foods. 
However, there was one exception: the locally produced food items, which only travelled by truck, generated 
more carbon dioxide than the pears and apples from Portugal, which travelled 350 kilometres further by boat 
and truck. 

If one looks at the whole food chain, the GHG emissions associated with transporting food is quite small com-
pared to the overall GHG emissions generated within the whole food chain. It was calculated that 22 percent of 
the United Kingdom’s total GHG emissions was emitted by the commercial food sector, with 1.8 percent of total 
emissions accounting for food transport (DEFRA, 2005). 

Eating locally and seasonally produced food to reduce GHGs
Eating more locally and seasonally-produced food will reduce the generated GHG gas emissions that result 
from food transportation. However, one must not only consider the food travelling distance or the means by 
which it was transported, but also how the food was produced, processed, stored and distributed. Food pro-
duced locally may be less economically and environmentally efficient due to less optimal growing conditions 
(Fuchs and Lorek, 2000). A study undertaken by Carlsson-Kanyama (1998) shows that tomatoes grown in 
greenhouses in Denmark, the Netherlands and Sweden had higher carbon dioxide equivalents than imported 
tomatoes grown under the sun in Spain. 
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©FAO/Riccardo Gangale

Harvested cassava is transported by cart, Central African Republic 

©FAO/Giampiero Diana

Milk is being transported by rickshaws from the countryside to the 
milk processing plant, Bangladesh 

Market access, lack of markets and inadequate market facilities
Access to markets is essential for producers, in particular smallholder producers, in order to generate in-
come, strengthen food security and contribute to sustainable livelihoods. Improving access to international 
and domestic markets helps them to sell more produce. With the income that they earn, they may be able to 
invest in their own businesses and increase their production as well as improve the quality of their produce 
and/or diversify their production, which contributes to building their resilience. However, besides access to 
markets, roads, and affordable transportation, access to market information is also crucial. 

Food is lost due to several market related issues. Firstly, some farmers, in particular those in developing 
countries, lack or have insufficient access to markets, due to high transport costs, as a result of remoteness 
from markets. Therefore, those who live closer to markets or better roads are able to engage more with the 
market and thus have a higher chance to generate additional income. Besides these physical barriers to ac-
cess markets, they may also face limitations due to the lack of market information, business and negotiating 
experience, etc. (see Table 11.1) (FAO, 2005; FAO, 2011b). 

Table 11.1 
Market access constraints: physical, structural, information and organization

Constraint Disadvantaged areas

Physical Poor roads, high transport costs, perishable goods, low value/weight produce.

Structural
Asymmetry of market relations: reliance on monopsonistic traders, agro-processors or 
marketing boards whose market power allows excess profit shares.

Skills, information and organization Lack of understanding of how markets operate, lack of information, lack of relevant skills.

Source: IFAD, 2001

Lack of markets
Another challenge related to markets is that food gets lost because of the lack of markets. At certain times 
there is an oversupply of some crops, such as the seasonal production of many perishable food crops, which 
means that there is a temporary oversupply of these crops on the markets. One of the ways to reduce food 
losses and to add value to the produce is to process and preserve these foods so that the waste of food is mini-
mized and the loss of income is reduced (FAO, 1998; FAO, 2011b). 
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Collective marketing as a way to get access to markets
Collective marketing can encourage market access and take different forms, such as through the creation 
of a marketing cooperative, which can help to provide smallholder farmers, livestock holders and fishers a 
place where produce can be prepared and packed to be transported to markets and other distribution centres. 
However, there have been mixed results and challenges related to these organizations, for example the impor-
tance of having good access to transport, a favourable market, marketable products, as well as the need for 
accountability and transparency among its members. There are different ways to increase accountability and 
transparency, such as through the establishment of a well-functioning record system that is shared among the 
members, a dispute system and regular meetings to enhance the exchange of information (ODI, 2005; World 
Bank, 2011; FAO, 2012a). 

Inadequate market facilities 
In addition, food is lost as a result of inadequate market facilities, such as lack of storage and cooling facilities, 
unsanitary and unhygienic practices, lack of or inadequate proper garbage disposal, clogged sewage vents and 
so on. Improvement of facilities should be supported by appropriate government actions so as to reduce the 
inefficiency generated by institutional and physical infrastructure facilities (Barrett and Mutambatsere, 2005; 
FAO, 2011b). 

Increasing efficiencies related to access to infrastructure and infrastructural facilities is not easy to overcome. 
However, addressing these issues can have significant effects on increasing people’s physical and economic 
access to food.

Packaging 
Depending on the value chain of a product, a product can be packaged and repackaged at various stages of 
the food chain. Packaging helps to distribute and transport the product from farm to storage, cooling and pro-
cessing facilities, to wholesalers, retailers and consumers. Besides that, it should provide protection against 
physical and chemical damage during distribution, transport and marketing; it should also provide protection 
against insects, rodents, and other contaminants from entering the food. As a result, packaging practices and 
technologies can ensure quality and safety of food so that quantitative and qualitative post-harvest losses can 
be significantly reduced (FAO, 2010b). 

However, the type of packaging material used depends on the availability of local materials, which may be 
highly limited. In addition, these materials should also be affordable as packaging can represent a substantial 
part of the costs for producers (both in developing and developed countries). Paper, fiberboard, plastic, glass, 
steel and aluminum are among some of the packaging material that are commonly used. The choice of the 
packaging material used is made based on a number of trade-offs between various factors, including econom-
ic costs, protecting goods, public health and the environment, providing presentation, branding, information 
about the goods and what consumers need (smaller portions for those who live alone) and the likely product 
wastage. In addition, there are also environmental impacts associated with the type of packaging being used, 
e.g. the thinner the packaging material, the less landfill space it will take up, some materials are recyclable 
(like paper, plastic, glass etc.) and some are not (like the foil-backed wrap). 

Knowing the exact causes and the stages of when losses occur within the food chain helps to identify possible 
packaging interventions. An overview of various packaging options is shown in Table 11.2. 
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Table 11.2 
Packaging solutions for reducing food losses and waste along the value chain 

Loss situation and causes Selected packaging solutions

At production stage

Unnecessary variety of packaging types •	 Universal packaging design

High amount of GHG emissions per tonne of production
•	 Modified atmosphere packaging
•	 Integrated materials handling and warehouse management 

systems

Non-recyclable wax-coated boxes for delicate perishables
•	 Recyclable packages with excellent moisture barrier
•	 Reusable plastic containers

At post harvest stage

Inefficient product insulation
•	 Fibre reduction
•	 Microflute technology

Manual case forming and stretch wrapping •	 Automated processes reducing labour and material costs

Product spoilage and toxicity •	 Anti-microbial packaging

At distribution stage

Damage due to palletizing and strapping
•	 Slip sheets and stretch wrapping in lieu of pallets and 

strapping

Damage due to mixed products on pallets •	 Cube utilization via 'pin-wheeled' position

At processing stage

Damage during transport
•	 Leak-resistant packaging
•	 Tough, tear-resistant packaging

Product spoilage and toxicity
•	 Hermetic seals
•	 Vacuum or modified atmosphere packaging

Loss of production
•	 Efficient equipments systems
•	 System integration and automation

At wholesale stage

Inappropriate shipping containers
•	 Optimizing secondary packaging for shipping and shelf 

impact/appeal

Damage due to high humidity, storage time and stacking height
•	 Use of new materials with enhanced stacking strength
•	 Modified atmosphere packaging

At retail stage

In-store preparation losses
•	 Centralized food preparation
•	 In the bag merchandizing

Product spoilage and toxicity
•	 Leak-resistant packaging
•	 Vacuum or modified atmosphere packaging

Passed sale date
•	 Shelf-life extension
•	 Freshness preservation

At consumption stage

Too much preparation
•	 Portion control packs
•	 Ready-to-eat entrees

Spoilage
•	 Resealable packaging 
•	 Vacuum or modified atmosphere packaging

Not consumed prior to expiration date
•	 Shelf-life extension
•	 Freshness preservation

Source: FAO, 2011a 
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However, even if advanced packaging technologies are available, social, economic and cultural factors, includ-
ing gender issues, could play a role in explaining why the technology is not upgraded or adopted in developing 
countries. One of the major factors is the lack of incentives and insufficient support to repair and maintain the 
facilities (FAO, 2011a). 

In addition, even with optimal packaging material and technology, there is no 100 percent guarantee that loss-
es do not take place. For example, food packaging can make it difficult to for a consumer to access the whole 
product and thereby causes losses (i.e. the product that remains in the package). The way products are pack-
aged has an impact on food being lost and wasted. Andersson et al. (1998) undertook a study on the Life Cycle 
Analysis (LCA) of tomato ketchup. Part of the research included the collection of ketchup bottles of 30 people at 
the point of disposal. Even though this survey was quite limited, the losses measured significantly varied from 
0.5 percent to 26 percent (Andersson et al., 1998). In addition to this, losses may result due to external factors, 
such as the mode of transportation, the state of roads, regulations and consumer behaviour (FAO, 2011b). 

With regard to consumer behavior, it not only depends on how the consumer handles the product and what it 
done with the packaging material, as some consumers may reuse or recycle it for other purposes, but also 
whether supermarkets and retailers are putting ‘unnecessary’ packaging on the product. 

The following example is a low cost milk pasteurizing, packaging and chilling system (see Box 11.4), which 
helps to reduce spillage and spoilage. As this system incorporates these three activities, the value that was 
previously added to the product as a result of other chain actors engaging in these activities now goes to the 
small-scale milk producers themselves, possibly resulting in higher incomes. 

Box 11.3 
Low cost milk pasteurizing-packaging-chilling system – the MILKPRO

Small scale milk processors in developing countries often do not have the equipment to pasteurize and package 
fresh milk due to the high investment cost and potentially expensive conventional packaging material. They often 
use cans or boilers in which they can heat their milk. However, high temperatures can lead to post-pasteurization 
contamination, which is the main cause of spoilage. 

The MILKPRO is a low cost, simple milk pasteurizing and packaging unit, which was first field tested in Kenya as 
part of the FAO Dairy Training Programme for the Small Scale Dairy Sector. The facility helps to fill raw milk into 
pre-formed polyethylene sachets. These small bags are immediately sealed, pasteurized through treatment at 65 
degrees Celsius for 30 minutes and then cooled to 50 degrees Celsius. Post-pasteurization contamination is largely 
avoided due to the milk being pasteurized within the sachet. The sachet when refrigerated can have a shelf-life of up 
to 15 days. It is estimated that the unit can manage up to 100 litres of milk an hour. The costs of the system lie below 
US$ 10 000; when on a daily basis it handles 750 litres. Therefore, the break-even point would be at 12 months. The 
MILKPRO system has been widely adopted by small farmer groups as well as individual farmers as they benefit from 
the value addition through the packaging, pasteurizing and chilling of their own milk (FAO, 2000). 

Milk
Sales

Pasteurisation System

Copyright, Milk-Pro International http://www.milk-pro.com/milkpro.htm
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Food consumption stage
In developing countries, the amount of food wasted at consumer level is minimal. Poverty, limited income and 
smaller amounts being purchased are contributing factors to reduced levels of food being wasted. In developed 
countries, however, food is wasted by consumers. This is not only as a result of consumers buying more than 
what they can actually consume and inappropriate capacity to correctly interpret date marking, but also due to 
consumer behaviour and food choices that are made (Stuart, 2009; European Commission, 2010; FAO, 2011b). 

Ultimately it is the consumer that decides whether he or she wants to waste food. The consumer may not be 
driven by economic factors to reduce waste. However, it is still throwing away money, food and the inputs that 
were used to produce food. Consumer behaviour can be influenced through various means including, for ex-
ample, educational awareness-raising campaigns, labelling schemes, as well as government-led promotion of 
making sustainable and healthy food choices through taxation and provision of subsidies. 

Consumer interventions to improve efficiency of food systems
Consumers can be agents of change with regards to sustainable consumption and adopting sustainable diets 
(Spaargaren and Oosterveer, 2010; Lorek and Fuchs, 2011). They can influence the whole food chain to a cer-
tain degree by making sustainable dietary choices, which will influence what, where and how producers pro-
duce and who produces. In addition, consumer behaviour also contributes to how much food is consumed and 
wasted. This is due to the duration that food is kept before it is consumed, and how food is stored, prepared and 
cooked, amongst other things. Therefore, possible interventions related to addressing consumer behaviour 
include improved planning, in-home food storage, preparation and cooking techniques. Not only the food itself 
is lost, but also the amount of land, water and energy used to produce the product is wasted. 

Raising consumers’ awareness 
In order for consumers to make food choices and change their behaviour, awareness needs to be raised through 
provision of information and education. Consumers need to be educated on where their food comes from, how 
it was produced, how many and which resources were used and what is the impact on the environment, so that 
they are able to make informed choices that are both nutritious and sustainable. Governments should support 
educational awareness campaigns (Boer et al., 2007; Tukker et al., 2007).

Labelling schemes
Labelling schemes are needed to guide consumers to make informed choices (Giraud, 2003; Davies, 2011). 
The food industry and agribusinesses have a responsibility to provide labels that are clear and easy to read 
and understand so that people can make informed choices. Information that consumers would like to know 
can be related to production methods, application of pesticides, the distance that food travelled (‘food miles’) 
and the carbon footprint. According to a study undertaken by Which? (2010), labels and terms should be used 
consistently on different products and brands so that confusion is avoided. The study concluded that labelling 
schemes have a wider outreach if they are connected to government campaigns, supported by validated sci-
entific data, and used to provide interpreted data so that consumers are able to make sustainable food choices 
(Davies, 2011; Wognum et al., 2011). 

There are still certain challenges regarding the development of such labelling schemes, as these schemes 
are often competing with one another. Different ways to increase transparency include integrated information 
systems, such as certification and branding (Eden et al., 2008). But as was highlighted earlier, these brands 
and certification need to be clear and easy for people to understand in order for them to make healthy and 
sustainable food choices. 

Socio-cultural factors influencing consumers’ behaviour and food choices
Educating people and providing them with information is not sufficient. This is due to the fact that consumers’ 
attitudes and food choices are formed through their values and beliefs, but also habits, income and knowledge. 
Not only personal characteristics play a role, but also social and cultural norms need to be taken into account 
(Boer et al., 2007; Eden et al., 2008; Davies, 2011). According to Tukker et al. (2007) the behaviour of consumers 
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can only change if motivation, ability and opportunity are addressed at the same time. Moreover, there should 
be an equally attractive alternative opportunity. Thus, an enabling environment should be created in which 
consumers can make choices, this would involve both promoting and supporting healthy food. It requires sup-
portive legislative, regulatory and fiscal policies implemented by governments. 

Taxation
An example of what governments can 
do with regards to fiscal policies is to 
raise taxes regarding food consump-
tion. In order for consumers to make 
more healthy food choices, some 
governments place taxes on tobacco 
and alcohol consumption and more 
recently some countries have started 
to tax unhealthy food (see Box 11.8). 
Raising taxes can have an influence 
on consumer spending, but it requires 
taxes to be substantially high in order 
to be ‘felt’ by consumers. It was estimated that the increase of price on unhealthy food and drinks should be 
around 20 percent in order to influence consumer consumption, which should also be supported by subsidies on 
healthy food to shift dietary habits (Campbell, 2012). Some concerns were raised regarding this, namely that the 
lower income groups spend a relatively larger share of their income on food and thus are more likely to consume 
unhealthy foods, which are, in general, cheaper. If this measure is adopted, governments should possibly look 
into compensating these lower income groups for these additional taxes enforced on unhealthy food (Witt, 2011).

Subsidies 
Governments could also provide subsidies for food that is produced in a resource, energy, water intensive way 
and stimulate local food production. The European Commission developed in 2011 a ‘Roadmap to a Resource 
Efficient Europe’, which outlined efficiency indicators and targets for all key resources – ecosystem services, 
biodiversity, minerals, metals, water, air, land, soil and marine resources across its 27 members states (Euro-
pean Commission, 2011) (see also Module 13 on policy measures supporting transition to CSA).

Other stakeholders
The food industry, packaging industry and retailers also have an important role to play. Public-private col-
laboration and partnerships among all stakeholders in the areas of environment, agriculture, nutrition, health, 
education, culture and trade need to be promoted. Cross-sectoral approaches are required to ensure that 
programme activities and policies adequately promote sustainable consumption and adoption of sustainable 
diets. There is a need for all stakeholders to undertake action. 

Disposal of food stage
Adopting a waste management approach is desirable from a food security, economic and environmental per-
spective as waste occurs at all stages of the food chain. Waste management is complementary to the CSA 
approach, because if a certain amount of waste is reused and recovered, it may not need to be disposed at 
landfills, where the GHG, methane, is produced from waste. 

Lansink’s ‘waste management hierarchy’ shows the different types of waste uses. The waste hierarchy includes 
waste minimization (reduce), reuse, recover (recycling, composting, energy from waste) and safe disposal. It 
aims to reduce the total amount of waste and save energy and resources and thus increase the efficiency of 
food systems (Wolsink, 2010; Smith and Ali, 2002). 

The following sub-sections focus on reusing waste for human consumption and animal feed, as compost and 
for energy generation. 

Box 11.4 
Taxes on unhealthy food

In 2011, Denmark introduced, as the first country in the world, a tax 
on unhealthy foods that have a high content in saturated fats. This ‘fat 
tax’ or ‘junk food tax’ was later also introduced by Hungary. Through 
this measure governments try to control obesity levels, which are 
also increasing rapidly in developing countries. Other countries, like 
France, tax their food, such as sweets, chocolates, margarine and 
vegetable fat. In Australia, Finland, Norway, Canada and also in some 
states of the US, a sales tax is added to soft drinks, sweets and snack 
foods (Lorek, 2011). 
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Box 11.5 
Fermented left-overs and by-products transformed 
into nutritious food products in Indonesia
Various waste products are fermented into nutritious food products in 
Indonesia. For example, tempe-bongrek, a protein-rich food is made by 
fermenting peanut and coconut press cake that remains after oil extraction. 
The final product is similar to the traditional tempeh, which is produced 
through fermenting soya beans. Another example is ontjom, which is 
produced from waste groundnut press cake, tapioca waste and the solid 
waste of tahu. Primarily produced in West Java, ontjom is an important 
daily food consumed as a side dish especially by the lower income groups 
in the form of deep fried slices. In addition, semayi is fermented fresh 
coconut residue that is left over from the production of coconut cream or 
milk and extensively consumed in Indonesia. 

Source: FAO, 1998

Reusing waste for human
consumption and animal feed 
Food waste that is discarded may 
still be useable for human con-
sumption (see Box 11.5) or as ani-
mal and fish feed. These can be 
alternative food and feed sources 
that would not require the expan-
sion of current food production 
levels. A study undertaken by the 
United Kingdom estimates that 
through exploring food reusing 
possibilities its dependence on 
raw material can be reduced by 20 
percent by 2020 (WRAP, 2009). In 
the context of increasing efficiency 
these possible options should be 
further explored. 

In some countries, developed countries in particular, due to safety and quality concerns, feeding food and 
animal waste to animals is highly restricted. In general, there is a high concern of food safety so meat and 
bone meal is forbidden to be used in animal feed due to the potential to spread Bovine spongiform encepha-
lopathy (commonly known as mad cow disease). Instead some food waste could be turned into compost or 
biogas. 

Reusing waste as compost
Waste can be both organic and inorganic. Organic waste can be transformed into compost through a bio-
oxidation process where the organic materials are broken done. The benefits of compost include: 

•	 The reduction of soil erosion, especially in areas where soils are exposed; 
•	 The increase of water retention in the upper soil layer; 
•	 The release of nutrients for plant growth; and
•	 The suppression of soil borne plant pest and diseases. 

(FAO, 2007a) 

As a result of soil related benefits, the need for water, fertilizers and pesticides is thus reduced. Besides 
economic benefits, composting also has environmental benefits as organic material is diverted from land-
fills. At landfills, bacteria break down waste in the absence of oxygen, which results in landfill gas that 
contains, among others, methane, a GHG that is more powerful than carbon dioxide in trapping heat in the 
atmosphere. 

Generating energy from waste 
Many items typically thought of as ‘waste’, such as household waste, animal dung, agricultural residues, and 
processing water can be used to produce energy. For example, biogas can be produced through a process 
whereby organic matter is broken down by microbiological activity in the absence of oxygen. Waste products, 
such as used cooking oil and fish waste, can also be used to produce liquid fuels such as biodiesel. There are 
additional by-products of biodiesel production, including glycerine which can be used for soap production. 
About one litre of biodiesel can be produced from one kilogram of fish waste (FAO, 2010c). The benefits of pro-
ducing energy from products that are typically disposed are the increase in the efficiency of resource use for 
production and a potential additional revenue stream for producers (see also Module 5 on energy).
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public actions to support food chain interventions to reduce, 
reuse or recycle food stuffs
Public organizations are not able to directly reduce, reuse or recycle food stuffs. The private sector, including 
consumers, need to change management practices, technologies and behavior in order to reduce, reuse or re-
cycle food stuffs. However, the public sector needs to create an enabling environment in which companies and 
consumers can adopt affordable, feasible practices that allow them to produce and consume sustainably or to 
find ways to use waste for other uses.

Creating a policy and institutional enabling environment
An important driver for improved practices along food supply chains is the enabling environment that supports 
and motivates the private sector to invest and make changes. Factors that are considered to be crucial for the 
success of food loss reduction, reuse and recycling interventions include: public infrastructure, social and cul-
tural suitability, regulations and fiscal policies impacting the feasibility and profitability of required investments, 
and provision of long-term support by institutions. Another essential component of the enabling environment is 
the adoption of food laws and standards based on sound and common approaches to interpretations of standards 
by different actors (officials, food processors, consumers), including their implementation and enforcement. This 
would include addressing the issue of national requirements, official controls and industry approaches to date 
marking of food products.

Awareness raising and advocacy
A growing majority of consumers are increasingly concerned about many issues surrounding the food they eat, in-
cluding the source of their food, nutritional quality and safety as well as making the best use of the food available to 
them (minimizing food waste). This is a positive indication that increasing awareness among retailers and consum-
ers can lead to a reduction of food waste. Therefore both the public and policy makers need to be informed about 
the issue, and advised on behavioral change with regard to improved food use. Public awareness can be raised 
through education and governmental initiatives, which are possible starting points to change people’s attitudes.

Consumers have the power to influence quality standards and thus, to a certain degree, the whole food supply 
chain. Therefore, consumer surveys could be used to show to what extent consumers are willing to buy produce 
of heterogeneous appearance as long as the taste is not affected. Evidence-based information should eventually 
influence policy makers and institutional strategies.

Building partnerships and alliances
Alliances can be built within the food supply chains between producers, processors, distributors, retailers and 
consumers. This could lead, for example, to the development of markets for products that are from a traditional 
commercial point of view labeled as ‘sub-standard’, but are nevertheless safe and of good nutritional value. In 
addition, finding ways to reuse and recycle waste still has an economic value and can be used for other purposes 
including food processing for human or animal consumption, as natural fertilizer or to generate energy (i.e. 
biogas). Partnerships should also be formed between food supply chain actors and development organizations, 
donors, NGOs, etc. to combine forces for waste management along food value chains.

Supporting product and process innovation
Product and process innovation are crucial factors in facilitating compliance with market requirements on quality 
and safety, supporting product diversification, and fostering development of underutilized resources or products. 
A key determinant of the ability of value chain actors to undertake innovation are the policies, institutions and 
services put in place by the public sector to create a supportive environment.

Capacity development
It is essential to develop knowledge and capacity of small- and medium-scale food chain operators (including 
farmers, herders and fishers) to organize themselves in associations, apply quality management systems, and im-
prove business management and marketing. Public services should support agricultural and fisheries producers 
and small- and medium-sized enterprise to build their capacity to make business and quality management plans.



311

MODULE 11: Developing sustainable and inclusive food value chains for Climate-smart agriculture

In addition, it is important to develop capacities of regional institutions, national government officials and 
development agencies in the use of food loss assessment methodologies and tools, in the establishment and 
enforcement of food quality and safety standards, and in the design of policies and strategies targeting food 
waste. 

11.3 Step-by-step approach for chain actors to improve 
their performance along the sustainable and inclusive 
food value chain 

This section outlines a step-by-step approach for chain actors to sustainably improve their performance along 
the sustainable and inclusive food value chain.
The three steps are visually outlined below in Figure 11.5.

Figure 11.5
Step-by-step approach for how to improve performance along the sustainable and 
inclusive food value chain

Understand performance

Measure performance Improve performance

Source: FAO, 2013

Step 1: Understand performance
The core drivers of performance (or the root causes of underperformance are exposed):

•	 Analyse how value chain stakeholders and their activities are linked to each other and to their economic 
and social and natural environment; 

•	 Analyse the behaviour of the individual stakeholder in their business interactions; and
•	 Analyse how value is determined in end markets.
 
Step 2: Improve performance
Provide for a realistic strategy that has mutually been agreed upon and selects upgrading activities and multi-
lateral partnerships that can support the strategy:

•	 Develop a core value chain development strategy based on the analysis that is undertaken in step 1 and 
develop a vision that stakeholders have agreed upon; and

•	 Select the upgrading activities and multilateral partnerships that support the strategy and reflect the scale 
of impact envisioned. 
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Step 3: Measure performance
Measure the impact in terms of economic, social and environmental intended outcomes:

•	 Measure the impact of the development strategy in terms of its economic, social, and environmental out-
comes in relation to the vision developed under step 2.

In this way, the impact assessment then contributes to understanding the performance of the chain in a con-
tinuous development cycle.

Conclusions

This module has described the sustainable and inclusive food value chain approach. This approach can sup-
port the transformation of the agricultural sector to become climate-smart so that current food security and 
climate change challenges can be successfully addressed. 

The sustainable and inclusive food value chain approach focuses on three sustainability dimensions – econom-
ic, social and environmental— which are directly linked to three pillars of CSA. This approach can contribute 
to CSA by helping to identify interventions at every stage of the food value chain to enhance the performance 
of the chain. 

Through understanding, improving and measuring performance, waste streams that occur along the food val-
ue chain can be analysed. This includes not only reducing food losses and waste, but also looking at reusing 
and recycling food stuffs that still have an economic value as they can serve other uses, such as reusing waste 
for human consumption or animal feed, as compost or to generate energy. This not only provides economic 
benefits, but also social (i.e. employment generation) and environmental benefits. 

This module has provided an overview of different practices and technologies that chain actors can adopt along 
the chain in order to improve their performance across the triple bottom line. At times, there can be short-term 
trade-offs, for example, a green technology may not be profitable in the short run, but it may provide social 
and environmental benefits. If this is the case, public sector support and investment as well as public-private 
partnerships may be necessary to overcome these trade-offs. Other areas where public intervention may be 
needed include awareness raising, agricultural research and development as well as capacity building support 
in order to help smallholders adopt more sustainable practices that are climate smart and help consumers to 
reduce, reuse or recycle their waste. 

Furthermore, this module has outlined a step-by-step approach of how chain actors can analyze their inter-
ventions along the sustainable and inclusive food value chain with the aim to improve their performance in all 
three sustainability dimensions—economic, social and environmental. 

Notes

This module was written by Tamara van‘t Wout (FAO) and Reuben Sessa (FAO) with contributions from Martin 
Hilmi (FAO), David Neven (FAO), Robert van Otterdijk (FAO), Camelia Bucatariu (FAO), Danilo Meja (FAO), Jogeir 
Toppe (FAO), Lucio Olivero (FAO), Sandra Corsi (FAO) and Alashiya Gordes (FAO).
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Acronyms

ASI improved rice thresher cleaner 
CSA climate-smart agriculture
DEFRA The Department of Environment, Food and Rural Affairs
GHG greenhouse gas
IDF International Dairy Federation
IFAD International Fund for Agricultural Development
IFPRI International Food Policy Research Institute
IRRI International Rice Research Institute
ISRA Senegalese Institute of Agricultural Research
LCA Life Cycle Analysis
ODI Overseas Development Institute
OIA Office of International Affairs
SAED Senegal River Valley National Development Agency
SIFVCD Sustainable and Inclusive Food Value Chain Development
UNIDO United Nations Industrial Development Organization
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