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PREFACE

Food is a very important part of human life. It pervades our waking 
time – breakfast, lunch, dinner, snacks, drinks, puddings. When  

I was growing up, snacks, or for that matter chocolates, were not 
often available. The shops were convenience stores, but they were  
unlike the retail ones we find now. There was less advertising of food 
and the reliance was on a staple diet that one received at home. The 
culture of snacking had not yet arrived. Fresh fruit and vegetables 
were available in a market where they were sourced locally, so that 
the produce was seasonal. We can still find these markets in India 
(although the retail sector has started changing the scope), but in the 
West these vegetable markets are more wholesale markets that are 
open very early in the morning for traders and individual shop owners 
to purchase their supplies. The retail environment has changed the 
way food is available to us and in turn has modified our eating styles 
and regimes.

Food is everywhere around us. As a species, today we are nearer to 
food than the hunter-gatherers were. However, the irony is that more 
than half of the world’s population lives below the poverty line and 
cannot afford to have one decent meal every day. The bigger irony is 
that small farmers who produce the food and contribute to the 
world’s food security and the complex food supply chain are also in 
a terrible state. It is sad to hear that in the developing world, farmers 
take their own lives because they are unable to sustain their liveli-
hoods and hence unable to pay their debts.

The food sector has changed rapidly in the past decade. The move-
ment of people for work and migration has led to a demand for food 
products from across the globe and retailers are keen to oblige. The 
style of retail environments, the technology advancements in track-
ing, operations management and packaging have made it possible to 
import a food item from any part of the world at the right quality 
specifications. Companies and countries around the world have been 
working very hard to get a share of the pie. This is not an easy task 

xv
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and it needs a lot of effort to create capability within the system to 
manage international trade. Specifically within the food sector, the 
one factor that plays a very important role in the success or failure of 
a food supply chain is ‘food safety’. This one variable supersedes all 
other challenges within the chain. It is also the number-one risk that 
companies will be concerned about when dealing in food. Recent 
cases have demonstrated how it can go horribly wrong if food safety 
is not taken seriously. Food fraud and food crime are important topics 
being discussed in the West since the horsemeat scandal, leading to 
policy discussions and an investigation into methods to stop it.

Food supply chains criss-cross the world, with two aims:

1 satisfy the consumer as per the requirements; and

2 by carrying out (1) efficiently, become economically 
sustainable.

Food supply chains are becoming increasingly complex. For example, 
fish caught in the North Sea or off the western coast of the United 
States is frozen and shipped to China where it is defrosted, filleted, 
packed and refrozen before reaching retail shelves in Europe and the 
United States. The only reason for the supply chain being this com-
plicated is to save on operating costs, but this also brings more risks 
into the chain.

A major discussion worldwide concerns food security and the  
capability of feeding nine billion people in 2050. Many initiatives have 
been formed to try to find a viable solution to the challenge. There 
are many local initiatives in play, both in developed and developing 
countries, to solve food security problems. As the developed world 
looks towards utilizing local produce and creating local supply chain 
capabilities for regional economic development, the initiatives in the 
developing world are directed towards building the capability of the 
farmer. The farmers, who are predominantly smallholders, need to 
get a fair price for their produce, infrastructure for their sector,  
individual financial instruments, skills and training regarding modern 
methods of agriculture and, in general, their rights as humans. A lot 
of good work on this is currently being conducted in South America, 
Africa and Asia. Along with food security, which is about securing 
the future supply of food, sustainability within the supply chain and 
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the sector is a topic that has garnered a lot of attention. Considering 
the triple bottom line concept, the food sector needs to work hard on 
the social front, which will provide incentives to producers and pro-
cessors to maintain environmental bottom lines which will provide 
economic sustainability in the long term. Scarcity of arable land and 
water, and uncertain climatic patterns, put a lot of stress on the food 
system. However, there are many positive things happening within 
the food sector. One of the characteristics of the food sector is its 
ability to innovate. There is a consistent process in the industry with 
regard to innovations in food products, business models, packaging, 
technology and so on, which adds value in the supply chain.

When I thought about writing this book, I knew that it was going 
to be a daunting task and that when I had finished writing it I would 
feel that I had just scratched the surface. This is exactly how I feel 
now that I have finished it. Food as a topic is so multidisciplinary that 
it is very difficult to comprehend all the literature that covers it. 
Hence, it needs a focus, and the focus in this book was to understand 
the supply chain and the operations and factors that surround it.  
As you read the book, you will notice that it does not go into great 
detail but that it points you towards important processes and topics 
that can be looked at in detail. The additional reading list at the end 
of the book provides a lot of good information. As the focus of the 
book is to simplify the process and discuss new developments, it also 
refers to information from newspapers and magazines, including 
academia.

The book covers various aspects of food supply chains in detail. 
The basic premise is to cover the food supply chain from farm to 
fork, taking into consideration the various challenges and supporting 
mechanisms to make sure that the food reaching our plates is safe.  
It is important for the food industry to innovate with regard to both 
demand management and the sustainability of food sources for a 
growing population. This book covers various aspects of food supply 
chains from a management and social perspective.

Figure 0.1 shows how the book is structured. The book is divided 
into three sections. The first section sets the scene and discusses the 
different entities in the food supply chain. Section 2 is about opera-
tional challenges and hence discusses topics that are relevant for the 
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efficient operation of the chain. Section 3 is about sustainability and 
food security challenges. This section also looks at innovation in the 
food chain and how food supply chains can bring about economic 
regeneration.

Figure 0.1  Outline of the book

Operational challenges

Food
production

Food
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Sustainability and
future challenges

Food
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ConsumerInputs
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01Introduction  
to food supply 
chains

Food supply chains are the lifeline for human existence on the planet. 
Whether these chains are local or international, the availability of 

food at the right time, right quality and right quantity is paramount. 
The recent United Nations report World Population Prospects: the 
2012 Revision1 projects that the population of the world will be 
9.6 billion by 2050, and one of the biggest challenges to mankind 
will be to feed this growing population. Another school of thought 
insists that although the challenge is great and food production needs 
to be ramped up, we are currently producing a sufficient amount of 
food to sustain the population. If this momentum continues, there 
will be sufficient production for the future. If this is the case, why 
does half of the world’s population go hungry every day, or have only 
one meal a day? Food poverty is rampant in the developing world 
and this has led not only to covert supply chains in food fraud and 
food crime, but also to a change in social environments where indi-
viduals move towards a life of crime to bank the necessary food  
rations for the day. International agencies such as the United Nations 
and the World Health Organization promote programmes to combat 
child poverty. These programmes focus not only on the availability of 
food but also on the quality and the nutritional aspects of food. Time 
and time again, history has shown that wars have been lost and won 
by controlling food supply chains. It is essential to study food supply 
chains from an operational perspective, as they not only influence 
everyday life but also affect businesses and livelihoods. This chapter 
considers the food supply chain and introduces the actors within 

1



Food supply chain management and logistics2

food supply chains. It sets the scene for the remainder of the book. 
The detailed discussion on each actor will follow in the subsequent 
chapters.

The actors in a food supply chain

The series of processes, operations and entities that help to take the 
food from its raw material state to our plates is known as the food 
supply chain. It is not a singular chain of certain entities but a com-
plicated web of interconnected entities working to make food available. 
The food supply chain starts with the producer (an agriculture- 
focused organization) and the food sourced at this stage moves 
through various methods of processing. The movement is facilitated 
by a host of logistics and transportation companies. These companies 
make sure that the food reaches us on time and at the right quality. 
The actors involved in a generic food supply chain are shown in 
Figure 1.1. The role of these actors is discussed briefly below.

Producers

As the world’s population continues to grow, there is increased pres-
sure on the food system to double food production by 2050.2 To add 
to the population challenges, the rapid industrialization of developing 
countries has increased lifestyle and consumption patterns in these 

Figure 1.1  Actors in a food supply chain
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countries. As populations in the developing world receive a higher 
wage through employment, their food consumption preferences 
move from grain to meat and other protein-based diets. This provides 
additional challenges to the meat supply chains. The food supply 
chain starts at the producer end, which supplies food in its raw form 
– grains, fruits, vegetables, meat, fish, poultry and so on. The producers 
are farmers who are a part of the agriculture industry. Farming busi-
nesses range from small firms to very large corporates. Some are new 
to the business while others may be family farms that have been pro-
ducing food for generations. Every country requires a strong food 
production sector as it affects both food availability for the population 
and economic sustainability for the food sector. There are entities in 
the supply chain that supply raw material (seeds, farming machinery, 
pesticides, fertilizers and so on) to the producers. These ‘input suppliers’ 
are generally large global companies with a lot of power in the chain. 
The producers also have to deal with increasingly uncertain climatic 
weather patterns, scarcity of water, land grabbing by unscrupulous 
agents in developing countries and soil degradation caused by indus-
trialization and urbanization. As margins for producers within the 
food supply chain are getting smaller and smaller, an increasing 
number of farmers are now growing what they can sell at a good 
price in order to have economic sustainability. Although this is fair,  
as long-term economic sustainability is needed for the sector, it has 
an impact on the availability of core food products.

Processors

Processors are the entities in the food supply chain that transform the 
food products supplied by the food producers into products that 
meet consumer requirements. This process is also known as food 
manufacturing. This stage in the food supply chain will either prepare 
fresh food from the producer in a ready-to-eat format for consumers, 
or use it as a raw material to create other food products demanded 
by consumers. Food-processing companies are diverse in nature and 
will process products at different stages: for example, meat slaughter-
ing and processing; preservation of fresh fruits and vegetables either 
by freezing, puréeing or juicing; milling of grains; making confectionery 
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and bakery products; and other types of food manufacturing. Food-
processing is an extremely important process, as it not only sustains 
the food sector economy by catering to the demands and require-
ments of consumers, but also helps to reduce waste and increase food 
availability by increasing the shelf life of raw food products that cannot 
be immediately consumed. Food processors need to work very closely 
with the downstream supply chain, which comprises the entities that 
take the processed food to the consumer. Food processors will need 
technology insertion, changes to distribution channels and innovation 
in order to keep pace with environmental changes and changing  
consumer demands. Another set of challenges that food processors 
are facing now and will face increasingly in the future is scarcity  
of resources such as water and energy and the availability of raw 
fresh food from the producers.

Retailers and distributors

This stage comprises two entities in the food supply chain: distributors 
and retailers. Distributors are companies that act as the link between 
producers, processors and markets. The distributors source either 
fresh produce or processed food from the processors and then dis-
tribute it through various channels to reach the final consumer. These 
channels are either retailing companies or other processing companies 
(for example, restaurants) which provide the product to the consumer. 
Distributors will generally buy in bulk and use an infrastructure of 
warehouses and distribution centres to deliver the products as and 
when required downstream in the food supply chain. Distribution 
companies are very important entities, especially when the supply 
chains are global and have to cross international boundaries, as dis-
tributors have to deal with local regulations.

Retailing is a process that showcases the product for the consumer. 
This can be in the form of local corner shops or large hypermarkets 
and supermarkets that deal with hundreds of thousands of stock-
keeping units (SKUs). The retailer stage in the chain provides the 
consumer with the variety of core and innovative products that the 
food sector has to offer. It is a highly competitive industry where food 
processors compete for shelf space in the retailer environments and 
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the retailers compete among themselves to attract more consumers 
through their doors. Consumers have a wide choice of retailers, retail 
channels and formats. Retailers try to differentiate themselves from 
their competitors and are increasingly creating innovative business 
models that provide a good-value proposition to consumers based on 
price, quality and service. Retailers are experimenting with a variety 
of fulfilment channels and formats, ranging from physical infrastructure 
(shops) to e-retailing. As large global retailers prospect for markets in 
the developing world, the food supply chains in developing countries 
are undergoing a transformation. As the retail environment in devel-
oping countries moves from an unorganized sector (corner shops) to 
a more organized sector (supermarkets), the food supply chains and 
distribution channels have to innovate and change their processes to 
respond to retailer requirements. There is an ongoing debate within 
developing countries regarding the introduction of large-scale retailers 
and the impact on small shops.

Hospitality sector

The hospitality sector is a key entity within the food supply chain. 
Although it is not directly a retailer or distributor as such, it is an 
important link between the producer/processor and the consumer. 
Food service agencies, hotels, restaurants and takeaway places will 
source raw material from the producers or processors and transform 
the food to suit the requirements of the final consumer. These entities 
provide a ‘made to order’ service function and are an important  
entity within the food sector, as they comprise millions of small and 
medium enterprises, sometimes one-person organizations delivering 
a very high value within the food system.

Consumers

The consumer is the final entity in the food supply chain. The economic 
sustainability of the chain depends upon the consumers buying the 
products and providing the necessary cash to travel upstream through 
the supply chain. Food is a staple necessity for every person on this 
planet and hence competition within the food supply chain concentrates 
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on variety and value addition and not on core produce. Recently, in 
the UK, food supply chains have been subjected to a tussle between 
regular grocery supermarket chains and discount grocery retailers. 
This has led to squeezing of margins and prices upstream as the  
retailers try to outdo each other to offer the lowest-priced food products 
(for example, most large supermarket chains in the UK are offering 
four pints of milk for £1, which is greatly affecting the returns to 
dairy farmers and hence their sustainability).3, 4 Although this is good 
for consumers, it leads to another debate about food sustainability 
and food wastage, as food is looked upon as a very cheap resource. 
Ironically, as the competition to sell more within the organized sector 
increases, the excessive variety of food products (with little or no 
demand) and cheap food available in large quantities creates more 
food wastage at the consumer end. Reducing food wastage at the 
consumer end has been a major focus among governments and  
food-sector organizations in Europe. Food safety is a major concern 
for consumers and all food supply chain entities have to take the 
necessary steps to avoid food contamination. This can range from an 
excess of pesticides in produced food to microbial contamination in 
processing to improper food handling within the distribution and 
retail environment.

Types of food chain

Food supply chains can be broadly discussed as those serving markets 
(as industrial products) and as those serving the final consumer. The 
first type works through the trading of agriculture produce in bulk or 
as a commodity. The second type works towards the fulfilment of the 
consumers’ needs.

Commodity- and producer-focused chains

The output from farms moves downstream in two formats, either 
directly as fresh produce to the consumer (fresh fruit and vegetables, 
milk, grain and so on) or in bulk as a raw material within food-
processing plants. The bulk purchase of raw food material can be 
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done through strategic partnerships with the producers, through 
traders or by buying it as a commodity item. A commodity is an item 
that is subject to futures contracts. In a futures contract the two  
parties in the deal sign a contract to buy or sell an item (in this case 
food, for example cocoa) for a (future) price agreed today, with deliv-
ery and payment happening in the future. The buyer speculates 
whether the price of the food item will go up or down in the future 
and hedges the risk by signing a contract in the present for a future 
price. This process is conducted at the ‘futures exchanges’. The com-
modity chains deal in products such as palm oil, cocoa, coffee, sugar, 
cereals, grains and so on. The supply chain model works with few 
buyers and many sellers. The process works as a spot market, and 
price determines the movement of the product. Commodity systems 
keep information flow between trading partners to a minimum. The 
processors, when buying in bulk, utilize this to buy quickly, reduce 
costs by hedging and maintain flexibility in product availability. Since 
the purchasing between the processor and producer does not happen 
directly but through the futures contract, the demand signals from 
consumers cannot be sent to the producers as there is a disconnect in 
the relationship. The prices of major commodities are influenced by 
climate change and uncertain weather patterns, variations in global 
demand and supply, and political processes such as trade agreements. 
Demand and supply volatility provides the required incentive to the 
futures trading environment. Traders tend to use flexibility in having 
diverse sources of the products to gain some profit, as profit margins 
are low. Volumes in bulk will tend to provide the returns rather than 
the actual trading price.

Consumer-driven value chains

Food traceability and identity are very important within consumer-
driven chains, as this is the last stage of the food supply chain and has 
a direct impact on the well-being of the consumer. Food products 
within the retail environment are processed, branded and work  
effectively on the basis of uniformity in processing and high quality. 
Products traded in the commodity market, for example coffee, are 
now moving into the retail environment as branded, gourmet coffee, 
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with close cooperative relations between processors and suppliers. 
Unlike the commodity chain, the consumer-driven chain is more  
regulated, sometimes vertically integrated, and works more on the 
principle of cooperation and collaboration. The consumer-driven 
chain has barriers to entry, such as ‘voluntary’ standards, codes and 
benchmarks, international regulations and phytosanitary certifica-
tion, which can affect the entry to markets. There is a need for con-
sistency, which is achieved through processing and on-time delivery. 
The application of management systems for quality (for example, 
ISO 9000) or environment (ISO 14000) or production system (for 
example, organic) helps to maintain the credibility of the food supply 
chain. Tracking and tracing are very important, and technology insertion 
is required in the chain for this to be effective. Stringent traceability 
and intense scrutiny by retailers are conducted through production 
site visits. It is necessary to check compliance with buyer codes and 
standards and especially sustainability performance.

Factors influencing food supply chains

The food sector is a very complex environment influenced by industrial, 
technological, economic, social and political factors that shape the 
availability of food, the nature of the food product and the delivery 
of the food to our plates. Entities within the food supply chain aim to 
improve the functioning of the chain, from the perspective of quality, 
competitiveness and pricing along with the necessary requirements 
for absolute food safety.

These complexities in the food supply chain are derived from 
within a number of areas:

 ● agriculture production;

 ● involvement of various governmental/non-governmental 
actors;

 ● processing and maintaining quality;

 ● consumer and market choices;

 ● local authorities;
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 ● logistics companies; and

 ● a host of other small companies actively involved in this food 
supply chain and providing secondary value.

The world around us is constantly changing. Technological innova-
tions, new business models, globalization and the movement of people 
have made food supply chains rethink fulfilment and effectiveness 
parameters. Innovations in processing and transport have made 
products more suitable for global distribution, and innovations in 
management and information and communication technologies (ICT) 
have allowed supply chains to become more responsive to the increas-
ingly sophisticated food demands of consumers. Some other factors 
that influence and affect the food supply chain are as follows.

Consideration as value chains

Food supply chains should be viewed as ‘value chain systems’ in 
which the raw material (from an agro-based source) is transformed 
for final consumption as it moves through the chain and increases in 
value. Considering the food supply chain as a value chain also means 
that entities along the chain can aspire to move up the value chain, 
thereby increasing their share of the return. In some cases, operators 
across the supply chain integrate vertically to appropriate a larger 
share of the total revenue, though at the cost of lower flexibility in 
supplier selection. Transformation of food systems can influence 
market power along the chain. The food value chain is the network 
of stakeholders involved in growing, processing and selling the food 
that consumers eat – from farm to table. The stakeholders include:

 ● the input suppliers to the food production process;

 ● the producers involved in growing food;

 ● the processors, both primary and value-added, involved in 
processing, manufacturing and marketing food products;

 ● the distributors, including wholesalers and retailers, involved 
in distributing, marketing and selling food;

 ● the consumers involved in shopping for and consuming food;



Food supply chain management and logistics10

 ● government and non-governmental organizations (NGOs) 
involved in creating policies and programmes for food 
sustainability and security;

 ● regulators involved in monitoring and regulating the entire 
food value chain from producer to consumer;

 ● logistics companies involved in moving, storing and managing 
food throughout the value chain;

 ● financial organizations involved in providing funding to the 
entities within the food value chain.

The food value chain is also an important vehicle to address global 
poverty. The value chain provides opportunity to alleviate poverty 
and increase food security by investment and employment within the 
food sector. Increased trade within the sector allows people in devel-
oping countries to improve their livelihoods and get access to essen-
tial services. The value chain, when focusing on food production and 
food processing with the aim of reducing food wastage and increas-
ing food security, should also pay attention to food accessibility, food 
safety and food nutrition.

Legislation

The movement of food across international borders is subject to an 
agreement on the application of the Sanitary and Phytosanitary 
Measures (SPS Agreement) of the World Trade Organization (WTO). 
Other international standards will focus on varied topics related to 
food hygiene, labelling requirements and so on. These agreements 
and laws create a greater transparency when dealing in international 
trade. The EU food law focuses on risks and traceability in the ‘farm 
to fork’ supply chain, placing equal importance on human health, 
animal and plant health, and the environment. The principle is to 
have a precautionary approach and hence the European Commission, 
through general food regulation, established the ‘one step backward 
– one step forward’ approach, which requires operators to identify 
by whom and to whom a product has been supplied. Food labelling 
is a key focus within EU food regulation.
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Consumer choice

Global food consumption patterns have shown two diverse scenarios. 
The developed world has seen an increased propensity towards con-
suming processed food, led by demand from a time-starved working 
population. The preference for ready-to-eat or microwaveable food 
products has led to innovations within the retail and packaging envi-
ronments to service this demand. However, this produces a strange 
phenomenon in which fresh fruits and vegetables are more expensive 
than value-added processed food. One of the reasons for this is the 
economies of scale that the food industry achieves when processing 
food for the retail environment. Consumers in the developing world 
are moving from a cereal, grain-based diet to a protein- and meat-
based diet. However, an increase in meat production requires in-
creased animal feed and more input raw materials. To increase the 
availability of animal feed, food production has taken over intensive 
farming. With a focus on growing animal-feed-based crops rather 
than crops required for human consumption, this will have an impact 
on food security.

Sustainability

The global food chain is a significant contributor to global green-
house gas (GHG) emissions. GHGs are produced at all stages in the 
chain, from food production (and its inputs) through food process-
ing, food distribution and consumption to the disposal of waste. 
Sustainability within the food supply chain must be considered on a 
number of fronts. These include:

 ● energy consumption;

 ● carbon emissions;

 ● water usage;

 ● food availability;

 ● ethical behaviour;

 ● economic sustainability.

The food supply chain should be mapped with a systems perspective in 
order to understand the links and the locations that are non-sustainable. 
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Mapping the chain also provides a map of energy usage across the 
chain and an opportunity to reduce energy consumption. This can be 
utilized for other resources too.

Collaboration

Collaboration among the various stakeholders along the food value 
chain is extremely important. The interdependencies between stake-
holders in the chain and the wider network should be considered as 
potential locations of collaboration. The recent global cases of food 
recalls, food safety and traceability have become a major concern 
within the food sector. Collaboration between the entities in the chain 
provides the entities with confidence in the sourcing, handling and 
quality control of food. Collaborative platforms help supply chain 
partners to have an end-to-end view of the chain. Collaboration between 
producers and processors (with the use of appropriate technology) 
can help reduce post-harvest food losses.

Case examPle The milk-processing value chain

Figure 1.2 depicts a brief schematic of the milk-processing value chain. A detailed 
mapping of the milk supply chain will include all the relevant entities, along with 
the primary milk-processing supply chain entities. These will be input suppliers  
to the dairy-farming process, raw material suppliers for packaging, logistics 
providers, technology providers and so on. However, the focus of this example is 
to show the value chain path of milk as a farm product and how it travels through 
the value chain to reach the final consumer in diverse forms.

Dairy farming is a very important sector for any country. This does not always 
have to be milk from cows, but includes milk from buffaloes, goats and sheep. Milk 
features as a staple product on the shopping lists of most consumers and hence 
sufficient availability of milk within the supply chain is of concern to governments 
and retailers alike. As seen recently in the UK, price wars between supermarkets 
have tended to focus around the price of four pints of milk. Milk, although much of 
it is consumed fresh, is also a major raw material in many food-processing 
industries. This can be in the form of fresh milk or a processed value-added 
product used instead of fresh milk. Figure 1.2 starts with the dairy farm as the 
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source of milk for the value chain. The dairy farm will have an upstream supply 
chain with input suppliers to the milk-producing process; however, this is not 
discussed here. The milk as an output of the dairy-farming process can progress 
to a number of destinations:

 ● the consumer;

 ● milk consolidators, which collect and consolidate milk from small dairy 
farmers on a local, regional basis – these could be private companies or a 
cooperative;

 ● milk processors;

 ● own farm-based processing;

 ● retailers and caterers.

Following each path depicts the nature of the business and the value chain.
The consumer : Dairy farms will provide a service to the final consumer by 

supplying milk directly to the consumer’s door step. Generally, in the UK these are 
the milk rounds which take place every day, very early in the morning. However, as 

Figure 1.2  The dairy value chain

Consolidator
(cooperative) Milk processors

Milk powder

Cheese/Butter

Yoghurt

Ice cream

Confectionery

Consumer

Caterer

Retailer

Dairy farm

Input
supplier



Food supply chain management and logistics14

the price of milk in supermarkets has reduced, farms find it difficult to match 
prices and hence have seen a fall in demand.

Milk consolidators : These are companies which provide a local or regional 
collection centre for small dairy farmers to sell their milk. The consolidators act as 
distributors of the milk through the downstream value chain. Sometimes, dairy 
farmers will come together and form a member-based cooperative to consolidate 
and distribute the milk produced by its member farms. This is done with the 
intention of providing a fair price to the farmers and having a more equitable 
relationship. Sometimes, large food processors will form a cooperative to strengthen 
their supply chain and create better relationships with farmers. At other times, 
dairy cooperatives will integrate vertically in the value chain to become food 
processors (for example, Amul cooperative in India). The cooperatives will supply 
milk to food processors and retailers.

Milk processors : These are food-processing companies that use milk in its 
various forms to create further value-added products. Some of the common milk-
processing companies are:

 ● further milk processing – for example, milk powders, evaporated milk, 
condensed milk;

 ● yoghurt, cheese, butter manufacturing;

 ● confectionery and bakery manufacturers – for example, chocolate, biscuits 
and so forth.

 ● baby milk powder.

Within this value chain, there will be another link that connects one processor to 
another as a raw material supplier. For example, further milk processors will act as 
suppliers for confectionery manufacturers, supplying milk powder, butter, yoghurt 
and so on as raw materials.

Own farm-based processing: Dairy farms that have a surplus of milk or that find 
it difficult to supply at very low margins integrate vertically in the value chain to 
begin processing. Individual dairy farms will manufacture cheese, yoghurt, butter 
and ice cream to sell individually as a local farm-based brand or in the retail 
environment. Not all farms have the capability and financial backing to become 
processors; however, some farms, such as Rachel’s Organic in the UK, have been 
successful in this venture. Moving up the value chain is also discussed in the 
wider literature as a means for small farmers to become economically sustainable 
in the long term.

Retailers and caterers: These are classed together in this example as they 
are the entities closest to the final consumer. Retailers will stock a variety of  
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milk-based products, both as fresh milk from individual farms or cooperatives and 
value-added milk-based products from farms and food processors. These will 
include: cheese, butter, yoghurt, ice cream, milk powder, all types of confectionery 
and bakery products, snacks and so on. The retail environment is not restricted to 
large supermarket chains but also includes corner shops and off-licences.

Caterers in this case are entities in the hospitality business, restaurants, street 
food vendors, cafés and so on that source fresh milk or milk-based products to 
fulfil the final consumers’ bespoke demands.

Summary

This chapter has provided a brief introduction to food supply chains. 
It has discussed the different actors in the food supply chain and their 
roles. The main actors are:

 ● producers;

 ● processors;

 ● distributors;

 ● hospitality;

 ● retailing;

 ● consumers.

The chapter has also discussed the various factors that influence food 
supply chains. Along with technological innovations, new business 
models, globalization and the movement of people, the chapter also 
discussed the following factors:

 ● value chains;

 ● legislation;

 ● consumer choice;

 ● sustainability;

 ● collaboration.

The remaining chapters in this book focus on the key points dis-
cussed within this chapter.
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The agriculture sector or food-producing sector is a major generator 
of employment and income worldwide. The majority of people 

within the agriculture sector work at the level of small farms within 
largely rural areas of the world. As the world’s challenges continu-
ously grow on account of population and climatic changes (to name 
a few), the importance of the agriculture business sector or the food 
supply chain has grown significantly. The focus of the chain has 
moved to utilizing the food production stage of the supply chain as a 
stepping stone to create value-added products and innovations with 
the goal to ‘feed the world’. However, this requires food to be safe 
and traceable right from the seed and to move safely through the 
stages to reach consumers’ forks. As the world’s governments debate 
food security and sustainability, most countries are forming national 
policies and strategies to promote investments in agriculture value 
chain development. This requires a deeper understanding of the elements 
that affect the sector and the steps being taken by various world  
organizations (United Nations, Food and Agriculture Organization, 
Organisation for Economic Co-operation and Development), national 
governments and private businesses to facilitate efficient operation  
of the food value chain. This chapter presents the food production  
or agriculture supply chain. It explains the entities involved in the 
agriculture supply chain until it reaches the processor. The chapter 
also discusses the challenges faced by the agriculture sector and  
the factors that will enable future development. A few case studies 
demonstrate how entities in the agriculture sector are working with 
each other to add value in the chain.

THIS PAGE IS INTENTIONALLY LEFT BLANK
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Entities in the agriculture supply chain1,2

The major entities in any agriculture system start with the input  
suppliers and end with the processor. However, an agribusiness chain 
(farm to fork) will end with the consumer. This chapter considers  
all the entities in the chain until it reaches the processor. The main 
entities are:

1 Input supplier. For the production process to work effectively 
and efficiently, the inputs to the process have to be of sufficient 
quality and delivered in a timely manner. These inputs are in 
the form of seeds, fertilizers, pesticides, machinery, labour and 
so on. Any disruption to the input supply chain can cause 
issues with food availability. The input suppliers are large 
international companies which have invested in food 
innovation (seeds, pesticides, etc).

2 Landowner. This is the entity that owns rights to the land on 
which food is produced. In most developing countries, land  
is an important resource and farming will take place only  
if a suitable piece of land has been identified. In developing 
countries, individual farmers have very little land holdings and 
hence controlling production is difficult. On the other hand, 
someone who has lots of land could subcontract or lease the 
land for a short period.

3 Food production/farmers. This is the most important stage in 
the agriculture supply chain, as it is the stage in which food is 
grown or managed (livestock, fish, meat etc) as per the inputs 
and availability of resources. There are around 450 million 
farmers globally, who can be segmented by farm size, crops 
grown and level of sophistication of the production process. 
Farm sizes vary considerably and the majority of the farmers  
in the supply chain are smallholders. Farming is a very risky 
process within the agriculture value chain. It is subject to 
uncertainties of weather conditions and market volatility.

4 Traders. Traders occupy the position between the producer and 
the processor. Traders could be small businesses or very large 
corporations. Some also have significant food-processing 
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capabilities. Within the agriculture supply chains, traders have 
both a positive image (as they maintain continuity of the chain 
and in some cases also invest heavily to make it efficient) and  
a negative image (some traders will use their buying power to 
reduce considerably the prices paid to farmers).

5 Direct markets. These are the markets that connect the farmer 
or producer to the consumer directly, without the need for any 
middlemen. These markets tend to operate when produce is 
plentiful. They could be an open platform, where two entities 
engage in the purchasing process or the produce reaches the 
small farmers’ market.

6 Within the Indian context, some states in India permit the 
distribution of farm produce only through the mandis 
(markets) under the Agricultural Produce Market Committee 
(APMC)3 Act. These are markets or traders who are certified 
within the APMC and have a licence to operate. These markets 
will purchase the produce from the farmer (through an auction) 
and then distribute it through the supply chain. Currently, the 
effectiveness of the APMC Act is under debate in India on 
account of food waste and farmers getting low prices for their 
products. Food processors have to buy the farm produce through 
the traders and cannot purchase directly from the farmers.

Along with these entities, logistics companies or transporters are very 
important for moving the raw food produce to either warehouses or 
to the trader/processor. The agribusiness or agriculture supply chain 
hence refers to any business related to agriculture, including farming, 
processing, exporting, input suppliers, trading, logistics and retailing.

The agribusiness sector is an important generator of employment 
and income worldwide, as even smallholders can participate in this 
activity and earn a livelihood. As the pressure on the sector to feed an 
ever-growing population has increased, mechanization and modern-
ization of the sector have led to a change in the performance and or-
ganization of the sector. This is happening to a larger extent particularly 
within the developing world. Operational efficiency, food safety, food 
quality, innovation and new business models are helping the sector to 
reach the consumer faster and in a number of ways. Globalization 
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and consolidation of agriculture produce put pressure on small farmers 
as they have to compete in a buyer-driven market without recourse to 
sufficient finance and funding to upgrade their capabilities.

The agribusiness sector deals with a product that is highly perishable 
and starts losing value as soon as it is harvested. Various processing 
and packaging techniques are implemented post-harvest to increase 
the longevity of the product so that the consumers can avail them-
selves of these. The products will vary in quality, depending on a 
number of external factors (such as climate, pests etc), and are also 
seasonal. This provides additional complexity for supply chain plan-
ning and requires coordination and integration across the chain.

The risks involved in the production process and the uncertainties 
in the post-harvest scenario create a risky investment environment 
for the agribusiness sector. This presents an entry barrier to the sector, 
especially for smallholders and micro-businesses that have neither 
the required financial backing nor the ability to manage risks. 
However, since the sector is directly responsible for ‘food security’, 
these barriers need to be studied and solutions need to be identified.

Agriculture and poverty alleviation4

Size of the farm

Small-farm agriculture has been encouraged as a solution towards 
alleviating poverty challenges within developing countries. However, 
small farms will require updated skills and training in order to man-
age their businesses efficiently and also have the ability to compete in 
a very volatile environment. Lack of financial products and cash-flow 
issues complicate the situation. The new models of retailing and  
public policy overlook the challenges within the rural sector and 
work towards cost minimization and highest quality, both of which 
will need a considerable change in the operational capabilities of the 
small farmer. However, the opportunity to produce food for the chain 
is still a very positive step towards creating employment and liveli-
hoods. Future strategy should focus on upgrading small producers so 
that they can become members of global buyer-driven food chains. 
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Trade liberalization, commodity chains and concentration of corporate 
players in the chain can compromise the potential of the sector to act 
as an effective route for small producers to exit poverty and contribute 
to and benefit from broader economic growth. Small producers in 
developing countries find it difficult to stay on top of national product 
and process standards, demands for traceability and private standard 
certifications as demanded by international supermarkets. This can 
exclude them from global supply chains and hence they need support 
and facilitation mechanisms in order to upskill.

Agriculture and reduction of poverty

The Department for International Development (DFID) conducted a 
consultation on ‘New Directions for Agriculture in Reducing Poverty’.5,6 
Among its conclusions about the future of agriculture were:

 ● The potential growth of agriculture as a sector will be in 
non-staple production.

 ● The prosperity of agricultural enterprises will depend upon the 
ability to provide high-quality produce which is predictable 
and traceable. The interaction of these enterprises with market 
agents and changing retail business models will influence their 
future.

 ● As the complexity and requirements in the food supply chain 
increases, farms will need to supplement their cash flows through 
non-agricultural sources; for example, setting up farm visitor 
centres or processing. This will have an impact on small farms.

 ● As farms move up the value chain through processing models, 
there is a requirement for upskilling and training.

Contract farming

Contract farming can also bring significant benefits to producers. 
With a reasonable contract the farmer is assured of a buyer, a fixed 
price (reducing the risk of price volatility), negotiated credit terms 
and reduced marketing costs. In the medium to long term, ‘relationship 
marketing’ and vertical coordination can lead to better relationships 
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and a position of interdependence. The strategic relationships set up 
with the aim of enhancing traceability, quality assurance, security of 
supply and price are faced both with benefits (support of the buyer in 
times of need) and with the risk of having a single buyer, which can 
be detrimental to the business if the buyer pulls out.

Small farmers who do not have sufficient scale of production to 
sell directly to the buyer will lose their place in the strategic partner-
ship. Also, small farmers will find it operationally difficult without 
access to finance, and the strategic relationships will require invest-
ment in technology and improvement in capacity so that they can 
benefit from economies of scale. Contracts could provide a vehicle 
for small farmers to get access to finance from the buyers.

The barriers to the development of  
the agri-industry

The extensive literature on this topic identifies similar factors that 
affect the development of the agriculture sector (Figure 2.1). This is 
even worse in developing countries. The barriers to overcome are:

 ● Availability of finance. The widespread view is that there is 
a lack of adequate finance available within the agribusiness 
and the agriculture industry as a whole. There is a lack of 
investment within the sector. The most finance-deprived  
stage within the sector is agriculture production. The lack of 
finance is attributed to the production sector being dispersed 
geographically, increasing transaction costs, and unavailability 
of sufficient banking facilities within rural areas. This is 
coupled with a lack of tailored products for the sector.

The challenge of accessible finance can be overcome by:

 – developing better financial and risk management systems 
that are accessible to entities within the chain;

 – increasing accessibility of financial services within the rural 
environment;

 – the possibility of government grants for the sector to offset 
risks;
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 – expanding microcredit programmes and rural community 
banking (eg Grameen Bank);

 – developing specific agro-risk finance and insurance products.

 ● Food safety and quality. New consumer preferences in food 
consumption are emerging across the world. The requirement 
for high-quality, safe and healthy food has increased the 
importance of features such as product differentiation, added 
value and consumer confidence. Food safety regulations and 
certifications are extremely stringent and entities within the 
developing world struggle to cope with the requirement. 
Improved coordination between producers and traders leads  
to increased fulfilment of consumer expectations. Investments 
in technology to monitor traceability and visibility will be 
required in order to ascertain the safety and quality of the  
food products in the chain. Infrastructure to train and upskill 

Figure 2.1  Barriers to developing the agri-sector
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producers and processors within the supply chain will ensure 
that they are ready to meet the requirements of the export 
environment.

 ● Regulatory environment. The food supply chain works 
effectively in stable legal and regulatory environments.  
These are important for attracting business, leading to 
increased investment and employment. The challenge within 
this scenario is that different countries will have different 
perspectives on market liberalization and protectionism.  
Some countries may not compete on the basis of innovation 
and competitiveness but may do so for protection of their 
national interests. Countries will need to shape and refine 
proposals to attract foreign direct investment that will promote 
their own economic interests and also protect small farmers 
and emerging sectors in order to achieve a competitive 
advantage in local, national and international markets.

 ● The role of public- and private-sector organizations. The will 
and ability of national governments in developing countries  
is required to facilitate public investment in strengthening 
relevant government institutions. The governments should 
focus on the agriculture sector and work towards building  
the appropriate infrastructure for improving opportunities 
within the agriculture sector. There is also a need to promote 
good governance and the incorporation of accountability 
mechanisms in the institutional and governance systems,  
in order to guarantee efficiency in public expenditure.

 ● Collaboration within supply chain entities. Effective and 
efficient coordination is considered necessary for creating 
competitive advantage within the agri supply chain. 
Coordination among producers, processors, distributors and 
other stakeholders in the supply chains is necessary to meet 
consumers’ demands. Collaboration and strategic partnerships 
will ensure meeting quality, quantity and on-time delivery 
performance indicators within the chain. Better contracts  
and regulations that promote competition and ensure market 
transparency should be facilitated in order to grow the sector. 
The setting up of chambers of commerce, farmers’ organizations, 
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export promotion councils and advocacy groups will provide 
additional support to the sector. Creating links among 
production, processing and consumption through technology 
that enables partnership mechanisms will improve integration 
and coordination between the supply chain entities.

There are other common barriers across different countries. However, 
not all of these will be valid for every country:

 ● efficient land markets and tenure systems for producers;

 ● access to appropriate rural and agricultural finance and risk 
management products;

 ● specific regulatory provisions;

 ● consistent trade policies for international trade;

 ● access to global markets and support for achieving this;

 ● availability of skilled human resources, training and capacity-
building resources;

 ● improved technologies for all aspects of the chain;

 ● adequate infrastructural facilities and utilities (particularly 
rural roads and storage facilities).

The requirement for these enablers will differ on a regional basis,  
as some regions will be ahead of others. The requirements of each 
region and the capability of the agriculture supply chains within these 
regions must be analysed in order to create the required solutions and 
policies.

Future steps for the agriculture sector

A report submitted by a joint commissioning group, which included 
representatives from each of the Agriculture and Horticulture 
Development Board (AHDB), the National Farmers’ Union (NFU), 
NFU Scotland, the Royal Agricultural Society of England (RASE) 
and the Agricultural Industries Confederation (AIC), and supported 
by the Technology Strategy Board (TSB), investigated the research 
and development priorities for the UK agriculture sector for the next 
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20 years. This report was submitted in 2013 and was titled Feeding 
the Future – Innovation Requirements for Primary Food Production in 
the UK to 2030. The report sets out the innovation requirements for 
primary food production in the UK in eight priority areas for research:7

1 Use modern technologies to improve the precision and 
efficiency of key agricultural management practices.

2 Apply modern genetic and breeding approaches to improve  
the quality, sustainability, resilience and yield-led profitability 
of crops and farm animals.

3 Use systems-based approaches to understand better and 
manage interactions between soil, water and crop/animal 
processes.

4 Develop integrated approaches to the effective management  
of crop weeds, pests and diseases within farming systems.

5 Develop integrated approaches to the management of animal 
disease within farming systems.

6 Develop evidence-based approaches to value ecosystem service 
delivery by land users and incorporate these approaches into 
effective decision support systems at the enterprise or grouped 
enterprise level.

7 Extend the training, professional development and 
communication channels of researchers, practitioners and 
advisers to promote delivery of the targets above.

8 Improve the use of social and economic science to promote  
the development, uptake and use of sustainable, resilient and 
profitable agricultural practice that can deliver affordable,  
safe and high-quality products.

Case examPle  Cargill works with producers on finance and 
risk management8

Cargill is a large organization with 143,000 employees in 67 countries that provides 
food and agriculture products along with financial services. It also has businesses 
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and products in varied sectors such as pharmaceuticals and energy. Within the 
agriculture area, Cargill deals in grain, oilseeds and other agricultural commodities 
along the different stages of the supply chain. The company sources, processes, 
transports and distributes grain and oilseeds around the world. The core products 
that Cargill handles are wheat, corn, oilseeds, barley and sorghum, as well as 
vegetable oils and meals which have full traceability. The company leverages 
efficiencies in its supply chain through logistical flexibility and economies of 
scale. Since the products are commodities and are subject to volatile prices and 
climate-change risks, Cargill has created a range of financial and hedging 
products taking into account financial and risk challenges within these supply 
chains.

Case examPle Nestlé works with dairy farmers9

Nestlé works with 600,000 dairy farmers across the globe, in roughly 30 countries, 
to source milk for its operations. This is in excess of 12 million tonnes/year of fresh 
milk equivalents, of which almost 7 million tonnes are sourced locally as fresh 
milk. The majority of the farmers in the supply chain are small businesses and 
Nestlé runs the Milk District Model to help and support the farmers to improve milk 
nutrition and quality and in general to run the business efficiently.

The Nestlé Milk District Model involves the following activities:

 ● milk collection centres featuring payment systems, quality and safety 
controls, electronic weighing equipment and cooling tanks;

 ● free technical and animal husbandry support to improve milk quality;

 ● free veterinary services;

 ● transportation and infrastructure networks;

 ● $25 million of microfinance loans each year;

 ● prompt payment to farmers for each milk delivery.

Along with these activities, the company also helps social development in 
developing countries by providing safe drinking water, tree plantation programmes 
and health clinics.
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Case examPle  ITC Ltd India empowers farmers through 
technology10

ITC’s Agri Business Division is India’s second largest exporter of agri-products.  
It currently focuses on exports and domestic trading of:

 ● feed ingredients – soyameal;

 ● food grains – wheat;

 ● marine products – shrimps and prawns;

 ● processed fruits – fruit purées/concentrates, individual quick freezing (IQF)/
frozen fruits, organic fruit products;

 ● coffee.

ITC Ltd has created extensive backward linkages with farmers to build a cost-
effective procurement system. The company invested in a web-based technology 
to empower farmers with data related to the weather, crop conditions, best 
practices in farming, ruling international prices and a host of other relevant 
information. ITC has made significant investments in web-enabling the Indian 
farmer. This system is named ‘e-Choupal’ and consists of internet kiosks in villages. 
Farmers use these kiosks to access online information from ITC’s farmer-friendly 
website, www.echoupal.com. This initiative now comprises about 6,500 installations 
covering nearly 40,000 villages and serving over 4 million farmers in 10 Indian 
states. This network is also supported by ITC’s procurement teams, handling 
agents and contemporary warehousing facilities across India.

Along with this innovative platform, ITC also runs a programme of ‘demonstration 
plots’ or ‘Choupal Pradarshan Khet’ (CPK) to demonstrate the best agriculture 
practices to farmers. Another initiative, ‘Choupal Saagar’, comprises collection, 
storage and hypermarket facilities in the rural environment. This infrastructure 
also incorporates farmer facilitation centres, with services such as sourcing, 
training, soil testing, a health clinic, cafeteria, banking, investment services, and a 
fuel station. So far, 24 pilot projects have been implemented. With the intention of 
moving farmers up the value chain and reducing food waste, ITC is working on 
creating value-added products such as frozen agri-foods, frozen fruits, baby-food-
quality purées and high-Brix pulp and organic purées. (The Brix scale measures 
the sugar content of an aqueous solution.)
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Case examPle  Microfinance models within the food sector11–15

Finance and the appropriate agriculture-sector-based financial products are 
scarce. This challenge is amplified within the rural environment in developing 
countries where access to banking facilities is difficult. Since a large proportion 
of the producers are small farm holders based in rural areas, the majority have 
great difficulty in accessing finance and managing their agribusiness. They need 
finance to create the required cash flows within the supply chain. The idea of 
having a rural-based microcredit finance initiative was piloted by Professor 
Mohammed Yunus in 1976 in Bangladesh. He named it the Grameen (Rural) Bank. 
The bank lends to the poorest in society so that they can invest in materials 
required for production. This also develops local rural enterprise. A large majority 
of the clients of this bank are women who use this initiative to start a source of 
livelihood. Although there have been criticisms of the initiative on account of the 
high interest rates and operational issues of using the money once it is provided, 
the initiative is still largely a very successful one and has spurred similar initiatives 
in many countries (especially in Africa). The Grameen Bank uses a group lending 
model in which a group of individuals are provided with finance and they are 
accountable as a group for its return. This model can be used very effectively 
within a small farm holder scenario, but the level of finance available will be 
rather less.

A number of institutions have tried out similar models within the agriculture 
sector, with some modifications. These organizations package credit loans with 
other products such as insurance and savings schemes, as well as training 
programmes.

The One Acre Fund was launched in Kenya in 2006. It supplies smallholders in 
East Africa with asset-based financing and agriculture training services in order 
to reduce hunger and poverty. The model provides help on four fronts:

 ● It provides financing for farming inputs.

 ● It helps to distribute seeds and fertilizer to the farm.

 ● It provides training on agricultural techniques.

 ● It provides a market facilitation service to sell the produce competitively 
post-harvest.
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Opportunity International is a non-profit organization that provides microfinance, 
training and micro-insurance to farmers in 22 countries. The organization has built 
45 regulated microfinancing local institutions and 9 banks. In 2002, it offered the 
world’s first micro-insurance product, named MicroEnsure. This provides weather-
indexed crop insurance for rural farmers and affordable health insurance within 
the rural communities.

Along with providing microfinance and insurance, the organization also helps 
the farmer navigate the food supply chain to the markets.

International Finance Corporation and the International Bank for Reconstruction 
and Development : The Global Index Insurance Facility (GIIF), which is a programme 
offered by the World Bank Group’s Finance and Markets Global Practice, works  
by providing agricultural and disaster insurance in rural communities within the 
developing world, where such products are largely unavailable.

The bank provides an insurance product, known as ‘index insurance’, which 
pays out benefits on the basis of a predetermined index (for example, rainfall level, 
seismic activity, livestock mortality rates) for the loss of assets and investments 
resulting from weather and catastrophic events. Along with this, it provides 
microfinance, which is generally bundled with the index insurance. It also works 
on raising awareness through public education campaigns and provides grants 
for capacity building to train local insurers and financial institutions.

Summary

This chapter has briefly explained the different players within the 
agriculture/producer side of the supply chain. The discussion also  
focused on how the agriculture sector will help small farmers in the 
developing world in terms of livelihood and poverty alleviation. This 
discussion considered some of the challenges with this scenario. 
Further, the chapter considered the barriers within the agriculture 
sector and the ways to enable better environments. Finally, a few case 
studies examined the relationship between the entities in the producer–
processor supply chain. Some of the challenges for the agriculture 
sector in regard to food sustainability and security are discussed in 
Chapters 6, 13 and 15.
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03Food 
manufacturing

This chapter presents the next stage of the food supply chain, 
which is food processing. This is an important stage in the chain 

as it transforms the raw food produced within the agriculture en-
vironment to reach consumers’ forks. This could be just packaging the 
raw food to facilitate movement within the logistics environment, or 
something more complex such as transforming the raw food into 
ready-to-eat meals for the retail environment. The chapter takes the 
reader through the various processes employed by the food-processing 
industry to transform raw food from the agriculture process into retail 
and consumer requirements.

The importance of food processing

The aims of food processing are:

 ● to extend the life of the food product post-production using 
relevant processing and preservation techniques;

 ● to change the form of the food to allow further processing  
(eg the milling of grains to flour);

 ● to increase dietary variety by providing a range of attractive 
flavours, colours, aromas and textures in food without losing 
the nutritional quality of the food;

 ● to generate sufficient income for the sustainability of the 
processing function;

 ● to make food accessible when fresh food is not an option.

35
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Each of these aims will exist to a greater or lesser extent in all food 
production, but the level of processing of a given product will differ 
according to the requirement. All food processing involves a com-
bination of manufacturing procedures to achieve the intended changes 
to the raw materials. These operations will have an effect on the food, 
leading to a permanent change. The nature of the final product will 
depend upon the combination and sequence of processing.

Changing market conditions

In developed countries the market for processed foods has increased 
exponentially. Changes in working patterns, family lifestyles and an 
interest in trying out different types of food has created a demand for 
food that is frozen or chilled and can be easily prepared in a micro-
wave oven. However, just as one group of consumers prefer ready-to-eat 
food with a lot of processing and additives for preservation, another 
group of consumers are increasingly against additives or foods that 
have been excessively processed. They prefer foods that are ‘natural’ 
or processed for convenience of handling without losing the original 
properties. However, this group will prefer to eat fresh pineapple 
chunks out of special packaging instead of buying a fresh pineapple 
and cutting it at home. There has been a growth in demand for  
organic foods and hence the regulations around organic foods have 
become more stringent over the years. A quick glance at the super-
market shelves displaying ready-to-eat microwaveable dinners, soups 
and packed salads shows the variety and innovation behind creating 
these products. Not only do they have to look very professional  
(like restaurant food) but they also have to be packaged securely in 
eye-catching colours to attract the consumer. These pressures are an 
important influence on changes that are taking place in the food-
processing industry, and manufacturers are responding by reducing 
or eliminating synthetic additives from products (particularly colourants 
and flavours) and replacing them with natural or ‘nature-equivalent’ 
alternatives. They have increasingly introduced new ranges of low-
fat, sugar-free or low-salt products. New innovative products that are 
fortified with vitamins, minerals and probiotic cultures (or ‘functional’ 
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foods) and products containing organic ingredients are now widely 
available. Improvements to food quality have also been achieved 
through changes in legislation, including legal requirements on  
manufacturers and retailers to display due diligence in protecting 
consumers from potentially hazardous foods.

Operational change within food-processing  
companies

The growth of the food retail environment and changing consumer 
demand have influenced food-processing companies to change their 
operations in four key respects:1

 ● Increased investment in capital-intensive, automated processes 
to reduce labour and energy costs.

 ● A quality management system that produces high-quality 
products consistently without the need for inspection.

 ● A more proactive approach to creating demand, using 
sophisticated marketing techniques and large advertising 
budgets and social media. There is also a trend of large  
food companies buying out competitor brands or smaller 
companies to increase their brand portfolio.

 ● A shift of power in the food supply chain to the retailer.

The changes in technology have been influenced by substantial in-
creases in the costs of both energy and labour and because of public 
pressure and legislation to reduce negative environmental effects of 
processing, particularly air/water pollution and energy consumption. 
Food-processing equipment is designed to reduce processing costs 
and enable rapid changeovers between shorter production runs, to 
improve product quality. The aim is to be lean by eliminating non-
value-adding activities. Increasingly, the food-manufacturing process 
is fully automated, from receiving raw material to end-packaging,  
as this reduces interference from the process and reduces risks of 
contamination. However, to achieve the benefits of improved quality 
assurance and a reduction in costs and wastage, a high level of capital 
investment is required.
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Food processing2,3

Food is processed for the following reasons:

 ● preservation;

 ● food safety;

 ● creating variety;

 ● creating convenience;

 ● fortification for nutrition.

Some people have concerns regarding food processing as they believe 
that highly processed foods are unhealthy. These are high in sugar, 
salt and fat and do not provide any nutrition. Owing to the nature of 
the food supply chain, concerns regarding the control of processors 
within the chain are valid. Industry consolidation has occurred within 
the food sector and a few companies have a larger stake within the 
food supply chain.

As shown by Figure 3.1, food processing can be divided into four 
types of method:

 ● processing at ambient temperature;

 ● processing by application of heat;

 ● processing by removal of heat;

 ● post-processing.

Processing at ambient temperature

Processes are conducted at ambient temperature to improve the quality 
and functionality of the food produced. Food at the end of the pro-
duction stage is in a form that has variable physical characteristics. 
This food will require further processing to make it ready for imme-
diate consumption or for further processing. It is therefore necessary 
to perform operations of cleaning, sorting, grading or peeling to en-
sure that foods with a uniform quality are prepared for subsequent 
processing. High-quality raw material will produce high-quality 
processed foods. The operations mentioned above are a cost-effective 
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method of improving the quality of the raw material before processing.
Size reduction or ‘comminution’ is the operation in which the average 
size of solid pieces of food is reduced by the application of grinding, 
compression or impact forces. Emulsification is a process that improves 
the eating quality or suitability of foods for further processing and 
will increase the range of products available. The processes during 
size reduction may cause degradation of the product as the surfaces 
are exposed and cellular tissue is damaged. This can be overcome to 
some extent by employing preservatives with the food.

Figure 3.1  The dynamics of food processing
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Different methods of size reduction are classified according to the 
size range of particles produced:

1 chopping, cutting, slicing and dicing;

2 milling to powders or pastes;

3 emulsification and homogenization.

Mixing (or blending) is an operation in which a uniform mixture is 
created from two or more components, by combing or dispersing one 
within the others. The process of mixing has no preservative effect 
and is intended solely as a processing aid or to alter the eating quality 
of foods. It has very wide applications in many food industries where it 
is used to combine ingredients to achieve different functional properties.

Fermented foods are among the oldest processed food. Fermented 
food products are present in major sectors of the food-processing 
industry, including baked products, alcoholic drinks, yoghurt, cheese 
and soy products, among many others. During food fermentation, 
selected micro-organisms are used to alter the texture of foods, preserve 
foods by production of acids or alcohol, or to produce subtle flavours 
and aromas.

Ionizing radiation takes the form of gamma-rays from isotopes  
or, commercially to a lesser extent, from X-rays and electrons. It is 
permitted in 38 countries to preserve foods by destruction of micro-
organisms or inhibition of biochemical changes.

Processing by application of heat

Heat treatment remains one of the most important methods used in 
food processing. Application of heat has extremely desirable effects 
on the quality of the food. This also increases the value of the final 
product from the perspective of the consumer. Application of heat 
(for example baking) cooks the food creating flavours and textures that 
are attractive to consumers. Application of heat also provides a  
preservative effect on foods by the destruction of enzymes, micro-
organisms, insects and parasites.

Blanching, pasteurization, heat sterilization, evaporation and de-
hydration are heat-treating processes, each having a specific objective 
as regards the food product. Other, more severe heat processes, in-
cluding baking, roasting and frying, are intended to change the sensory 
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characteristics of a product, and preservation is achieved either by 
further processing (for example, chilling or freezing) or by selection 
of suitable packaging systems. Evaporation and dehydration, that is, 
the removal of water, inhibit microbial growth and enzyme activity 
and thus achieve preservation.

Processing by removal of heat

Preservation by lowering the temperature of food helps in maintaining 
the sensory characteristics and nutritional value of the food product. 
Increased demand for fresh food and ready-to-eat meals has increased 
the need for chilling as a process for preservation. Ready-to-eat 
chilled foods, which are packed in modified atmospheres, have been 
an important development in the retail environment. In general, the 
lower the storage temperature, the longer foods can be stored, and 
freezing continues to be an important method of processing to produce 
foods that have a long shelf life. Although micro-organisms and  
enzymes are inhibited at low temperatures, they are not destroyed as 
in heat processing. As the temperature increases, the rate at which 
foods can spoil will increase due to the growth of the micro-organisms. 
Careful control is needed to maintain a low storage temperature and 
prepare foods quickly under strict hygienic conditions to prevent 
spoilage or food poisoning. Although the need to maintain chill or 
frozen temperatures throughout the distribution chain is a major cost 
to producers and retailers, it is an important factor when considering 
food retail chains. It is an important process as it impacts on food 
efficiency and food safety.

Post-processing

As food is prepared for final consumption, processors have to meet 
the requirements of the consumers in terms of appearance, taste and 
variety. Processors put a variety of coatings on food products to create 
additional value for the food consumers. Coatings of batter or bread-
crumbs are applied to fish, meats or vegetables. Chocolate or compound 
coatings are applied to biscuits, cakes and confectionery. Coatings of 
salt, sugar, flavourings or colourants are also applied to snack foods, 
baked goods and confectionery.
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Packaging is an important part of all food-processing operations 
and with some canning and modified-atmosphere packaging (MAP) 
it is integral to the operation itself. There have been substantial devel-
opments in both materials and packaging systems over the past 10 years, 
which have been instrumental both in reducing packaging costs and 
in the development of novel and minimally processed foods.

Food packaging

Packaging is the operation of enrobing the food item in a protective 
cover that keeps the food item safe, secure and with the intended 
characteristics.

The functions of packaging are:4,5

 ● Containment – to hold the contents and keep them secure until 
they are used.

 ● Protection – against mechanical and environmental hazards 
encountered during distribution and use.

 ● Communication – to identify the contents and assist in selling 
the product. Shipping containers should also inform the carrier 
about the destination and any special handling or storage 
instructions. Some packages inform the user about the method 
of opening and/or using the contents.

 ● Machinability – to have good performance on production lines 
for high-speed filling, closing and collating (1,000 packs per 
minute or more), without too many stoppages.

 ● Convenience – throughout the production, storage and 
distribution system, including easy-opening, dispensing and/or 
after-use retail containers for consumers.

The main marketing considerations for a package are:

 ● the brand image and style of presentation required for the food;

 ● flexibility to change the size and design of the containers;

 ● compatibility with methods of handling and distribution, and 
with the requirements of retailers.
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The package should be aesthetically pleasing, have a functional size 
and shape, retain the food in a convenient form for the customer without 
leakage, possibly act as a dispenser which opens easily and recloses 
securely, and be suitable for easy disposal, recycling or reuse. The 
package will hold the barcode and/or RFID (radio-frequency identi-
fication) tags to facilitate better logistics. The package design should 
also meet any legislative requirements concerning labelling of foods.

Inventory management6

Raw materials (for example food ingredients) purchased for processing 
but not immediately used represent a significant portion of operational 
expense. It is important to maintain inventory levels high enough to 
ensure that food products can be produced in the right quantity, but 
low enough not to have excess product left over. This is called inventory 
control and also has an influence on controlling processing costs. 
Excess inventory can result in increased waste and costs, as food has 
a certain shelf life and will go off if not utilized. High levels of inventory 
in the supply chain create difficulties in tracking usage. Excessive  
inventory increases the requirement for storage space leading to  
increased operational costs. Unutilized inventory ties up capital  
and creates cash flow challenges. This is true for both raw ingredients 
and finished products.

On the other hand, not producing enough to satisfy demand, 
whether due to lack of raw ingredients or inadequate forecasting, 
leads to customer disappointment and may result in loss of market 
share. The goal is to have sufficient products to satisfy consumer  
demand but not an excessive amount of inventory causing monetary 
loss. This requires careful planning, standardized operating procedures, 
and regular monitoring to achieve desired results.

Producers, manufacturers and distributors experience excess costs 
and loss when anticipated sales do not materialize, resulting in excess 
inventories of product. This cost is passed along to consumers. 
Predictability in buying patterns will lower food costs for consumers. 
Retailers will use ‘loyalty card’ schemes to follow the buying patterns 
of their customers in order to achieve some control over inventory. 
Effective inventory management can help to maintain levels of consumer 
satisfaction.
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Customer service

One important aspect of good customer service is to control stock-
outs. When stockouts occur customers are disappointed. Processors 
and retailers will try to use substitutions to meet customer requirements. 
But this is not always successful as some customers may not like the 
substitution or have allergies or dietary restrictions. Substituting peanut 
oil for vegetable oil in the processing stage, as is done in some parts 
of South Asia where peanut oil is a staple product, can be harmful for 
certain customers in the international food supply chain. Good customer 
service also requires the delivery of product that is of excellent quality 
and within its due date. Some companies such as Subway utilize agility 
and product flexibility to provide a product mix to the consumer. 
With sufficient inventory of a few standard ingredients, Subway  
offers a mass customization service to the consumer whereby every 
consumer can design the sandwich that they feel like eating using the 
standard ingredients provided, thus offering enough variety to maximize 
participation.

Efficiency

Another aspect of inventory management is efficient product handling. 
The design of the facility, especially the location and arrangement of 
storage areas, can affect the availability and security of the inventory. 
It is essential for processors to locate inventory to facilitate its delivery 
to the processing areas.

Financial management

Inventory management leads to improved financial control within 
processing operations. The financial goal of inventory management is 
to ensure that the maximum value is generated from the processing 
of the raw material to fulfil consumer requirements. In addition to 
the actual cost of acquiring inventory, costs are associated with trans-
porting and storing inventory. These costs are called carrying costs 
and may include storage rental, utilities, insurance, cost of shrinkage, 
cost of obsolescence, cost of wages and benefits for labour to move 
and count stock, and opportunity cost (what could have been gained if 
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the money had been spent on some other investment). It is important 
that warehouse carrying costs are also calculated. Shrinkage is the 
cost of loss due to waste, theft, spoilage and other product loss. 
Shrinkage in retail operations will occur because of theft. Some of the 
shrinkage can be attributed to spoilage, damage, shipping errors,  
misplaced product and vendor fraud.

Managing quantities

The correct quantity of inventory is the level at which sufficient product 
can be produced to meet customer demands. Some safety stock is 
necessary to prevent manufacturing operations from running out of 
food. This is valid within retail environments too. For many products, 
this may mean setting a reorder point. Reorder levels are usually set 
for items served daily, such as milk and common ingredients used in 
multiple recipes (for example, sugar, flour, spices). Common measures 
of inventory efficiency are the number of days of inventory on hand 
and the turnover rate. The days of inventory on hand and the turnover 
rate are calculated as follows:

Ending inventory /Average daily food cost = Days of inventory on hand

Number of serving days / Days of inventory on hand = Turnover rate

Food safety

Food safety is a critical consideration in managing the inventory of 
food products. It is very important to protect food inventories from 
both unintentional and intentional contamination. It is essential to 
store food products in appropriate areas to ensure that raw food 
products do not cross-contaminate other inventories. This is essential 
for food products that will receive no further cooking, as well as  
prevent accidental contamination from any chemicals within the  
vicinity of the storage areas. Products that have not been held at 
proper temperatures or that have been damaged during transport can 
be identified using HACCP food safety practices. Food safety practices 
are important during the transit of food and this may include steps 
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such as recording the names of individuals who handle food as well 
as locking storage areas and food transport vehicles and limiting  
access to only certain individuals. Procedures must be in place to 
track and record specific food product numbers and lot numbers, 
from the date received to the date served to customers, to maintain 
traceability. The industry-wide focus on traceability has resulted in a 
standard method of product identification that is gaining adoption 
throughout the food industry. The Global Trade Item Number® 
(GTIN®), along with a lot number, can be used in the event of a 
food-borne illness, recall, or terrorism threat.

Inventory management requires a systemic or holistic view, looking at 
the impact each function within the food supply chain has on the man-
agement of inventory. Inventory management ensures that quality, cost-
effective products are available in the right quantities at the right time.

Procurement

Effective procurement influences inventory control by obtaining the 
correct items in the correct quantity for the best possible value.  
A reduction in the number of stock-keeping units (SKUs) will reduce 
the time required to manage the inventory. An SKU is a discrete item 
with the same characteristic (for example, a beverage purchased in 3 
flavours and in 5 packaging sizes represents 15 separate SKUs). Each 
SKU will have its own GTIN. For tracking items during a recall, it is 
helpful to have fewer SKUs of a certain item when trying to account 
for the status of all recalled product. Reducing SKUs within the  
manufacturing operation requires the utilization of the same SKU 
across a number of products, which can be done under bill of material 
rationalization. Insufficient inventory may sometimes lead to product 
substitutions, which can lead to a variety of problems, including quality 
issues, regulatory non-compliance and customer dissatisfaction.

Managing suppliers is also part of inventory management. It is 
important to identify requirements in bid documents sent to suppliers, 
to ensure that suppliers also maintain the required levels of food 
safety. The safety and regulatory requirements should be clearly men-
tioned in the supplier specifications.
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Forecasting and ordering

Forecasting and ordering can greatly affect inventory control. Within 
the food supply chain, incorrect forecasting creates further problems, 
as the product will deteriorate over time and it will be essential to sell 
it. If it cannot be sold quickly, it will spoil or become obsolete, thus 
losing money. Challenges such as stockouts and emergency buying 
result from under-ordering. An ordering system should be established 
to prevent over-ordering. A reorder system establishes a maximum 
quantity to keep on hand.

Inventory models

 ● Economic order quantity. This model optimizes the cost of 
ordering inventory and the cost of holding it. The optimization 
is the quantity to be ordered to keep the total costs low. Total 
costs are a function of carrying costs and ordering costs. When 
the inventory level has reached a level called the reorder point, 
a purchase order is issued for the product. This purchase order 
will be the optimized quantity, which is called the ‘economic 
order quantity’.

 ● The reorder point inventory control system. In this method, 
the inventory is continuously monitored and orders are issued 
when the inventory is depleted to a certain set level, the reorder 
point (ROP), which triggers a new purchase order.

 ● Safety stock. Safety stock, also known as buffer stock, is the 
amount of inventory stocked by the system in case some 
uncertainty arises. The safety stock then shields the system 
until the inventory is replenished.

 ● Delayed product differentiation. This process does not create 
finished goods inventory but delays the process until an order 
is received. The process works on the postponement concept, 
whereby the process of making the product is postponed until 
required by the consumer. The system will create modular units 
which can be assembled together very quickly to create a 
bespoke product.
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 ● Just-in-time (JIT). The system will hold only the inventory 
that is required by the consumer. The philosophy is to remove 
all non-value-adding activities and inventory from the system. 
JIT follows two concepts:

 – To have less inventory in the system. This will be decided  
by a Kanban system. If there is a problem in the system, 
inventory will not hide it and the problem will need to be 
sorted out immediately.

 – Small lot production. The suppliers will need to deliver 
inventory in small lots. This means that inventory levels 
within the company are low and the supplier will need  
to deliver small batches of inventory every day. In JIT 
systems, the suppliers are generally located next to the  
main plant.

Case examPle 3D printing of food7–9

3D printing10 or additive manufacturing is a process of making three-dimensional 
solid objects from a digital file such as a 3D scan or a 3D model created using 
modelling software. The creation of a 3D printed object is achieved using additive 
processes whereby an object is created by laying down successive layers of 
material until the entire object is created. There are different methods of achieving 
the outcome. The methods differ from the way the material is treated for creating 
the object. The different methods are:

 ● selecting laser sintering;

 ● fused deposition modelling;

 ● stereolithography.

3D printing has been recently introduced within the food sector. The ‘Foodini’, a 
food 3D printer created by Natural Machines, uses edible ingredients squeezed 
out of stainless steel capsules to print the product, instead of using plastic. It is 
currently a pilot project and has challenges, as food does not maintain the shape 
very well. However, this machine has been very successful. The Barcelona-based 
start-up behind the machine has said that it is the only one of its kind capable of 
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printing a wide range of dishes, from sweet to savoury. The company is now 
working with food manufacturers to create plastic capsules pre-packed with food 
(in liquid or semi-solid form). These capsules will be free of preservatives, with a 
shelf life of five days. These capsules will be loaded onto the machine to create 
the product.

Like the normal 3D printing process, this one also takes considerable time but 
is faster than regular 3D printing. It can make complex designs and can be used  
to make complicated, intricate designs. The Foodini can be useful for creating 
recipes such as home-made pizza or filled pasta. Currently, the device only prints 
the food, which must then be cooked as usual. But a future model will also cook 
the food and produce it ready to eat.

The National Aeronautics and Space Administration (NASA) agency has 
funded the development of a 3D printer that is able to print food in space.

There are a few companies7 involved in developing these printers, but high 
costs make this technology currently prohibitive. As the technology grows, it will 
become affordable for individuals to purchase it for their homes. The machines 
have been able to manufacture burgers, complicated cake decorations, sugar 
confectionery, pasta, ravioli, pasta sauce and so on.

Summary

This chapter has presented a comprehensive discussion regarding 
food processing. Different types of processing methods have been 
studied. The methods fall under the following broad processes:

 ● processing at ambient temperature;

 ● processing by application of heat;

 ● processing by removal of heat;

 ● post-processing.

The chapter also discussed the importance of the processing stage for 
the food supply chain. To enable the processed foods to reach con-
sumers’ forks, effective packaging and logistics are important, along 
with the appropriate regulations. These topics are discussed later in 
Chapters 5, 10, 11 and 12.
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04Food retailing

The retailer is the step in the food value chain before it reaches 
the consumer. The retailer is an important entity in the chain, as 

the fulfilment of the supply chain process will depend upon whether 
the retailer has been successful in selling the product to the consumer, 
which in turn starts the cash cycle in the supply chain. The retailer 
creates physical infrastructure, such as a shop, where the products 
are displayed and the consumer gets an opportunity to purchase 
them. In our technology-intensive era, the physical space is converted 
to an online portal which can be used to order the product. The ex-
pansion in fulfilment models is being embraced by all major retailers. 
Some large supermarkets set up specialized services within the main 
shops to attract consumers from online portals to the physical shop. 
Some or all of these services will be available at big retailers – for 
example, in-store bakery (which bakes fresh produce every day), 
cheese counter, fish counter, meat counter, salad bar and so on. This 
chapter presents a discussion of the food retailing environment.  
It considers the different types of food retailers and caterers. The dis-
cussion also explains the process of marketing the product to the retail 
environment. E-tailing or online grocery models are also explained.

The retail environment

The retail environment provides two important processes: it connects 
the supply chain to the final consumer and it creates value-added 
products for consumption by the final consumer.

Many entities are involved in the process to produce, manufacture, 
transport, distribute, market and sell the product. By the time a product 
is placed on a supermarket or store shelf, it has gathered food miles 
and has had value added to it by many people. Although supermarkets 
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will carry in excess of 100,000 stock-keeping units in their shops, 
very few new products that are designed and manufactured in the 
food supply chain actually reach the final consumer. The food system 
encompasses many activities, from harvesting to processing, retailing 
and consuming. This system is known by many names: marketing 
channel, distribution channel/chain or supply chain. The entities in 
the chain after the product leaves the manufacturer/processor are as 
follows:

 ● Distributors purchase products from a manufacturer and then 
sell and distribute them to retailers, foodservice companies and 
other distributors. They will also deal with the physical 
logistics of the food products.

 ● Wholesalers buy in bulk from distributors and sell to retailers.

 ● Traders or brokers act as food manufacturers’ representatives 
or agents and facilitate sales between manufacturers and 
retailers. They do not take ownership or physical possession of 
products.

 ● Large retailers have their own distribution centres and 
networks. Manufacturers deliver directly to these centres. The 
retailer then distributes the product to individual retail stores.

Getting the product on the retail shelf

Most food products go through a distribution channel to reach the 
end consumer in the retail environment. In general, more perishable 
foods, such as fresh fruits, seafood and so on, will move more quickly 
through the chain from the producer to the consumer than long-
shelf-life foods. Many requirements, such as barcodes, labelling and 
product packaging, must be satisfied before distributing a product. 
Some of the factors affecting the product reaching the retail shelf are 
as follows:

Technology

New technologies and management systems are adopted every year 
in the food retailing and distribution industries. The goal is to create 
a more efficient, cost-effective and responsive distribution channel. 
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Manufacturers need to be aware of the new information and com-
munication technologies (ICT) and management strategies. The man-
agement and operational systems within the supply chain should be 
streamlined (for example: bill of materials, labelling, packaging and 
so on). The following are a few technologies that have been adopted 
or are being developed for use in the food distribution industry:

 ● Electronic data interchange (EDI) is a substitute for paper 
invoicing, instead using electronic resources such as e-mail  
and the internet.

 ● Continuous replenishment uses computer networks shared 
between retailers and suppliers to view inventory at any time.

 ● Efficient consumer response (ECR) is a demand-driven 
replenishment system designed to link all parties in the 
distribution channel. The data are transparent and 
replenishment is based on consumer demand and  
point-of-sale information. Suppliers will replenish  
shelves based on these data.

 ● Collaborative planning, forecasting and replenishment (CPFR) 
is a system to link the supplier and retailer from the supply 
chain design stage in order to manage the demand effectively.

 ● Radio-frequency identification (RFID) is an automated radio 
signal identification used by food distributors and retailers for 
inventory purposes. RFID allows identification of merchandise 
while materials are being handled and in transit. It also helps 
with traceability of the material.

This is discussed in detail in Chapter 10.

Product movement

Most food is distributed by road, using trucks owned by the manu-
facturer, distributor or a third-party transport company. Large retailers 
have centrally located distribution centres. It is usually up to the 
manufacturer to have products delivered to the distribution centre, 
unless the retailer makes arrangements to receive material at the factory 
gate. From there, the retailer transports products to individual stores. 
Efficiency is key in moving products through the food distribution 
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channel, not only for cost reasons, but also for perishability and dam-
age control reasons. The greater the number of times a product is 
handled, the greater the chance that it will be damaged. Movement of 
the food products will also be done in a multimodal way (use of two 
or three different modes of transport) if the distances are long and 
there is a requirement to cut carbon emissions and generally increase 
efficiency and lead times. Fresh produce will usually travel by air.

Traceability

Owing to recent food safety scares, such as E. coli outbreaks and 
salmonella infections, consumers, as well as government agencies, are 
being more careful in regard to food safety. Traceability systems are 
used not only for food safety, but also to address issues such as inten-
tional contamination and food fraud. Retailers in the UK have very 
strict certification requirements for food products and will only accept 
suppliers who are certified by the British Retail Consortium (BRC). 
This is discussed in Chapter 11.

Packaging

Retailers use uniform shelving and layouts in all their stores. 
Manufacturers have to work with them to create packaging that con-
forms to the space requirements – shelf space, types of trolley and so on. 
Packaging is also important from the aspect of retaining the integrity 
of the product. New innovations in packaging will be able to show 
whether the product has gone off without opening the package.

How does the food reach the consumer?

The following are the food retail formats1 in which the products will 
reach the consumer:

 ● A hypermarket is a very large store which sells both food and 
non-food items. Hypermarkets are sometimes called ‘super 
stores’, a combination of a supermarket and a department 
store.
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 ● A supermarket is a store with selling space predominantly 
dedicated to food products.

 ● Discounters are stores that carry few product lines 
(predominantly packaged food and non-food products) and 
sell products at prices lower than those of traditional retail 
stores. Goods in discount stores are usually own-label or 
budget brands. Aldi, Lidl, Home Bargains, Poundland and  
so on are well-known examples of this type of retail outlet.

 ● Independent grocers do not belong to chain stores, have a 
small amount of selling space and usually specialize in 
packaged groceries. Independent grocers sometimes specialize 
in one type of product, such as meat or vegetables.

 ● Other independent shops, such as butchers and bakers, will 
operate on open markets or have free-standing retail sales 
points or stores.

 ● Cash and carry: goods are sold from a wholesale warehouse to 
customers, retailers, professional users, caterers, institutional 
buyers and so forth, who are usually issued with a commercial 
invoice.

 ● Vending machines: sales of packaged food and drinks through 
machines.

 ● Kiosks: these are located in streets, parks, tube stations and  
so on.

 ● Convenience stores and off-licences sell a wide range of goods 
and operate extended opening hours. Convenience stores are 
often located near busy roads, petrol stations and railway 
stations or in densely populated urban areas to provide quick 
access.

Catering entities

1 Caterers are foodservice providers and can be grouped into 
two types:

 – Consumer catering – outlets are open to the public, eg pubs, 
restaurants, cafés, fast-food places and so forth.



Operational challenges58

 – Contract catering or subsidized catering – catering for the 
client, eg the supermarket contracts out own-label ready-to-
eat meals to a food manufacturer.

As the eating habits of consumers are changing and they seek 
out more adventurous tastes, both kinds of catering are on the 
rise. Caterers are among the largest employers in the food 
sector, with staff ranging from highly skilled chefs to people 
working in manufacturing units creating chilled meals for 
supermarket shelves.

2 Fast-food places: these are considered separately from cafés 
and restaurants because the operational model is different. 
These places provide one type of meal with many variations  
of it. The system will use the ‘Leagile’ concept in order to have 
standardized operations but provide mass customization to the 
consumer (eg Subway sandwiches).

3 Hotels (both small and large) will try to provide a catering 
service for their guests. Depending upon the rating of the hotel, 
the catering service will vary from having chef-created meals to 
ready-to-eat microwaveable meals.

4 Airlines: inflight catering is a complicated process and this is 
provided on most airlines through an intricate supply chain. 
Long-haul flights have inflight catering as a default (the quality 
may differ from airline to airline), but short-haul low-price 
carriers will have chargeable catering on board.

5 Hospitals: in the UK, the National Health Service provides a 
very large food-catering service in all its hospitals. These meals 
are provided to all patients who stay in the hospital. Hence, 
these meals have to be safe, easy on the palate, within budget 
and conform to stringent medical, nutritional and dietary 
requirements. This makes the process a very challenging one.

Selling the product to a retail store2,3

A new food product can take one of several paths to reach the con-
sumer. One of the first activities is to determine the product’s target 
market. This includes identifying the geographic area, retail markets 
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and consumers that will make up your core market. Distribution  
options depend on the product, the market, the type of retail estab-
lishment and the manufacturer’s sales skills. Some manufacturers 
reach the consumer directly by selling products at farmers’ markets. 
Others use elaborate distribution methods involving several brokers 
and distributors. Many small food manufacturers do not have the 
skills or the time to promote and sell their new product. For them,  
the use of food distributors and brokers is the only way to obtain 
distribution. The steps involved in introducing the new product to  
a retail environment are:

Step 1: Know your consumer – do market research.

Step 2: Test consumer preferences. Many new food manufacturers 
introduce their product at small, local retail markets. This is a 
great way to test consumer tastes. Many small retailers like to 
help new local businesses. These retailers are also a valuable 
resource for advice on pricing, packaging and promotion.

Step 3: Hire a broker or agent. This is not a necessity, but 
literature suggests that while some new food manufacturers 
have the skills to sell successfully, most do not. Securing a 
broker takes time, money and effort.

Step 4. Find a distributor (this step is not required until the 
business has grown). Distributors purchase, inventory, 
transport and sell products to retail accounts that the 
manufacturer has set up. They also assist in gaining new  
retail accounts. Distributors act as logistics experts for food 
distribution.

Step 5. Secure the contract. Choosing the right retail account  
is crucial. All retailers are different and have different 
requirements. It is important to know the retailers. Market 
research regarding your competition is advisable as there  
may be a tussle for shelf space at the retailer.

Step 6: Pricing. Consider the competition’s price on the retail 
shelf. Visit stores and view the competition; note prices and 
how package size relates to price. Take a life-cycle analysis 
view to consider the costs. Additional costs include promotions, 
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transportation and slotting fees. A slotting fee is a fee that 
retailers charge manufacturers to cover the costs of putting a 
product in their warehouse and on their shelf. This fee and 
other fees regarding joint marketing plans, or other charges, 
could be negotiated by the broker.

Supermarkets’ own brand

Supermarkets are expanding their own-brand ranges as consumers 
are moving towards purchasing own-brand products over regular 
brands. This is due to the price differential between the brands and 
also because the quality of the own brands is increasing and for some 
products is at par with the market-leading brand. Supermarkets pay 
a lot of attention to their own brands as they get a higher margin and 
are better able to control the supply chain, on account of vertical  
integration in the supply chain. They are also able to market their 
products better. Within the retail environment and on the shelves, 
their own brands will have equal representation with the other brands 
and in some cases will have a greater representation. Lidl and Aldi 
are own-label supermarkets and are doing extremely well because 
they provide good-quality products and very low prices. The strategy 
for Marks and Spencer was to sell its own label and it stocked only 
these products in the shop; however, in the past five years Marks and 
Spencer has changed strategy and is stocking other brands in its shops.

The focus on shelf life and date labelling

Shelf life is the length of time a food can be kept under stated storage 
conditions while maintaining its optimum safety and quality. Shelf 
life of a food begins from the time the food is manufactured and is 
dependent on many factors such as its manufacturing process, type  
of packaging, storage conditions and ingredients.4

The aim of shelf-life labelling is to provide information to consumers 
so that they can consume foods safely in an informed way. Consumers 
should follow the manufacturers’ instructions regarding storage 
(temperature) and use after opening the packaging. The dates are 
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valid only if the packaging is not compromised at the time of pur-
chase.5 European Regulation 1169/2011 states that information such 
as the date of minimum durability or use-by date should be provided 
in a conspicuous, legible and indelible format on product packaging.6 
Shelf life is normally indicated on a food label by either a best-before 
date or a use-by date:

 ● A best-before date reflects the length of time a food can 
reasonably be expected to retain its best quality, eg flavour. 
Examples of foods that have best-before dates include canned, 
dried and frozen foods.

 ● A use-by date is the length of time a food can reasonably be 
expected to be safe to consume when stored under stated 
storage conditions. Consequently, these foods may present  
a risk of food poisoning if consumed after the use-by date. 
Examples of foods that have use-by dates include chilled dairy 
products, cooked meats and prepared salads.7

In the retail environment, various types of container are used for 
packaging food products, and these containers also act as a source of 
information, advertisement and brand-building resource. The appro-
priate container is required for the specific product, as the first aim of 
the container is to protect the integrity of the product. These containers 
are also useful for storing the food product at the consumer’s place 
until it is consumed. Some types of such containers are: metal cans, 
glass bottles, jars, rigid and semi-rigid plastic tubs, collapsible tubes, 
paperboard cartons, flexible plastic bags, sachets and overwraps, 
Tetra Paks and so on.

The shelf life of packaged foods is controlled by the properties of 
the food (including water activity, pH, susceptibility to enzymic or 
microbiological deterioration and the requirement for, or sensitivity 
to, oxygen, light, carbon dioxide and moisture) and the barrier pro-
perties of the package.8 The container or package will not help to pro-
tect the product unless proper storage practices are followed within 
the retail environment. This ensures that foods are kept safe and shelf 
life is maximized. Foods that are required to be stored in a controlled 
temperature environment (for example, chilled or frozen) should be 
monitored on the shelves. The position of the container within the 
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chiller will also have an impact on the actual temperature experi-
enced by the product.9

Online grocery retailing

Recent trends that are contributing to increased sales include:

 ● a focus on mobile technology;

 ● click and collect business model;

 ● the introduction of delivery pass schemes.

In order to maximize growth within the channel, retailers need to 
work closely with suppliers and rely on them to keep up with trends 
and drive innovation. The products can be bought online from a variety 
of online formats:10

 ● Price format: online sites specializing in products reaching the 
end of their lives, or excessive stock being sold at a low price. 
For example: Poundshops, Home bargains and so on.

 ● Experiential format: this is the normal format for online 
shopping. Most retailers will have an online format and they 
will make their website engaging, with not only the food 
displayed but also food recipes, articles, loyalty points and so on.

 ● Community-based format: online purchase is conducted after 
reading reviews provided by multiple users of the websites.

 ● Mass customization format: in this format the shopper can go 
online to the shop and customize the product, which will be 
delivered as per the specification. For example, this has been 
done with computers and fashion, but not with food in retail 
environments. This format is being used by fast-food catering 
organizations such as Pizza Hut and Domino’s, where you can 
customize the pizza online before ordering.

 ● Merchandise-oriented format: in this format the online retailer 
offers a store-in-store experience like Debenhams or John 
Lewis. Other brands will be able to have a microsite on the 
retailer’s site from which the product can be ordered.
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Once the order is placed online, it will reach the warehouse/distribution 
centre/fulfilment centre of the company where an employee will pick 
it and send it for packing, after which it will be dispatched. The most 
challenging leg of this delivery journey is the last mile, which is when 
the product is delivered to the customer. The formats for this are:

 ● The delivery is sent to the address on the order. At this 
juncture, either the recipient collects the order from the 
delivery person, or the person leaves the package at an 
alternative location, if agreed initially, or takes it back.

 ● If the driver takes the package back, the recipient has to 
reschedule the order (sometime paying extra for this service) or 
the recipient has to visit the distribution centre of the delivery 
company to collect the package (this is the collection point).

 ● With this in mind, and because shoppers were unhappy with 
this method of receiving their orders, retailers created the ‘click 
and collect’ delivery service. In this system the shopper has 
flexibility and control over receiving the order. Most high-
street stores and supermarkets that have branches in major 
towns and cities set up this service within these regional stores. 
Shoppers can now choose to collect the order when they have 
time and are not constrained by having to be at home waiting 
for the delivery.

 ● This was a very successful offering, as customers now had 
flexibility and were not charged for the delivery. With the 
advent of companies such as ‘collect+’, many retailers 
outsourced their delivery service to such organizations. The 
package is sent to local shops (in partnership) or to a locker 
situated at a city-centre location (in most cases). Once the 
package has been dropped into the locker, the customer 
receives a text message giving them the code to open the locker. 
If the customer has chosen to collect it from a local shop, a 
similar text message is sent.

 ● The changing nature of the click and collect service means that 
retailers are not restricted to having the service in the shop; 
however, they may choose to have it in the shop in order to 
increase the footfall of customers within the shop.
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Multi-channel vs omni-channel retailing

Multi-channel and omni-channel are two retail concepts that have 
influenced how the retailing world needs to operate in the future. Of 
the two, omni-channel retailing is the future of retail environments 
and requires a new perspective to engage with the consumer.

Multi-channel retail was about an increased number of channels 
through which customers could interact with and purchase from  
retailers. Customers could shop either in a physical store or online, 
but they could not interact with different channels at the same time. 
For example, customers were not permitted to purchase online and 
then return the item to the store.

However, with the advent of sophisticated IT tools and platforms, 
retailers need to provide a more dynamic shopping experience: in 
stores, online, mobile, click and collect, and so forth. This provides a 
seamless retail experience by connecting multiple channels. This type 
of retailing is known as omni-channel.

For omni-channel retailing, retailers must be ready to deliver to 
homes and businesses around the world, often with same-day or 
next-day delivery with multiple options. This requires new opera-
tional strategies.11

Challenges to the future of food retailing12

The UK food and grocery retail environment is struggling. Retail 
stores are seeing a reduction in footfall and time spent in the store. As 
more shoppers buy online, retailers are questioning the requirement 
for hypermarkets and supermarkets in the future. Retailers are ex-
perimenting with activities to attract shoppers to the shops and retain 
them in the shop for a sufficient time. These activities could be free 
tea/coffee (with a loyalty card) or food-tasting experiences or some 
other services (for example, within a large out-of-town Tesco store 
you can find a money exchange counter, photo studio, phone shop, 
community-centre room, key services and so on). The aim is to attract 
shoppers into the store. The tussle that store managers face is the 
utilization of the retail space – food or non-food? However, a recent 
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article13 discusses how the food retailing environment will change in 
the future and the challenges faced by the retailers currently. These 
challenges are as follows:

 ● Owing to the impact of the 2008/09 recession (which, at the 
time of writing, is expected to last for several more years), 
consumers do not have sufficient disposable income to spend 
on food, or are always trying to find a bargain, which has led 
to the success of the discounters.

 ● Shoppers are turning more to online purchasing, for a number 
of reasons, but an important reason is that most people have 
to juggle a lot of activities in day-to-day life. Therefore they 
don’t want to spend time planning a weekly trip to the 
supermarket, when they can access the retailer’s online store 
(which has the same prices and deals) using any mobile device.

 ● Due to the effect of time, consumers are turning more towards 
convenience purchasing, which means getting the product 
when it is convenient for them. This also relates to online 
shopping, where some supermarkets have created delivery 
passes or click and collect schemes so that shoppers can use  
the online platform to order when they feel the need to do so. 
This also means that shoppers may use local convenience 
stores more in the future (although the trade-off is between 
convenience and price).

 ● The sectoral view is that in the past two years, more people 
have been eating out rather than cooking at home. This will 
have an impact on fresh produce, but may increase the market 
for ready-to-eat meals.

The food and grocery retail environment will require an innovative 
approach to change the perspective of food purchasing. The focus 
within the retail environment has been to balance food and non-food 
and go for a one-stop-shop environment to drive sales in non-food. 
They have also driven down food prices to get shoppers into the 
shop, which is detrimental for the supply chain in the long term. The 
competition will be between the big retailers and the food discounters 
and the ability to get the business models correct.
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Data from IGD14 demonstrates a positive growth for the UK food 
and grocery sector in the future. The data state that the UK grocery 
market is set to be worth £203bn by 2019, increasing by 16 per cent 
from its current value of £175bn, and will be the largest retail sales 
format, worth 60 per cent, whereas the discounters, convenience 
stores and online will be worth 40 per cent. Although this is UK centric 
data it is still important from a European/US perspective and also for 
those who are suppliers to this retail chain. The move of customers to 
discounters currently is not only for the price differential, but also 
because the customers perceive that the quality of products at dis-
counters has increased. Online provides a higher level of convenience 
for some and with the advent of new click and collect delivery models 
this convenience is further enhanced. The future of food retailing is 
around shopping formats and not so much on price as consumers 
will wish to organize shopping around their routines and not the 
other way round.

Case examPle Retailers turning more to ‘dark stores’15–18

As online food and grocery sales increase, retailers are thinking about better ways 
to deliver the service and the most efficient way of doing it. Ocado was the first to 
start an online food and grocery service without having a physical shop. Ocado 
operates its online service through an automated warehouse from which completed 
orders are dispatched to the consumers. In the past two years, retailers in the UK 
and France have turned towards setting up ‘dark stores’ to fulfil online orders. Tesco 
has opened six dark stores, and Waitrose and ASDA have also opened dark stores.

A dark store is a dedicated warehouse which is set up exactly like a normal 
store with shelving and the products on the shelves; however, it is not open to the 
public and hence ‘dark’. The levels of automation will differ between retailers. In 
the simplest form, when the order is received by the system a person employed by 
the company will go shopping in the dark store and the retailer will then dispatch 
this order to the customer. Some dark stores will have high levels of automation 
(this will again depend upon the levels of investment that the retailer is willing to 
commit).In the UK, the company will dispatch the order using vans. In France, the 
store acts as a ‘click and collect’ pick-up point.
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Summary

This chapter has presented a discussion on the retailing operation. It 
discussed the different types of store format for selling food and gro-
ceries. Although it is not retail, the catering business is an important 
last mile of the food supply chain as it also connects the processor/
distributor to the consumer. Hence, a synopsis of the main players 
within catering is provided. The points to consider for the distribu-
tion of the product were discussed, along with a brief on how to ap-
proach retailers with a new product for their shelves. Finally, the 
chapter looked at online retailing and also gave a case example.
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05Food logistics

Food logistics is the movement of food through the supply chain 
until it reaches the consumer’s plate. The flow of information 

from the consumer back into the chain is also an important part of 
logistics. ‘Logistics activities are the operational component of supply 
chain management, including quantification, procurement, inventory 
management, transportation and fleet management, and data collection 
and reporting.’1 Technological advances in food processing and trans-
portation have allowed industries to move greater quantities of food 
faster and over longer distances than ever before possible. This chapter 
presents a discussion of the food logistics environment. It explains 
the different logistics processes and the movement of food through 
the supply chain. The influence of technology, requirements for pack-
aging and temperature-controlled logistics is also discussed.

Movement of food

Integration of processes

The modern retail logistics system is heavily dependent on the use of 
information technology. The importance of movement of information 
is as profound as the movement of the product through the systems. 
To distribute the products through the chain, physical infrastructure 
is required in the form of warehouses, vehicles, packaging boxes, crates, 
trolleys and so on. However, another form of infrastructure is necessary 
to control, monitor, track and facilitate this product distribution process. 
This infrastructure is the ICT hardware which increasingly uses  
dynamic data to drive logistics environments and organize what gets 
moved, when it moves and the form in which it is moved and stored. 
The food supply chain needs to consider warehousing and transport 

69
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as seamless entities of the same operation and not as discrete opera-
tions that someone else does. Logistics is about integration, not only 
within a company but, increasingly, also externally with suppliers, 
logistics services providers and customers. Partnerships are a strong 
component of modern retail logistics, and the ability to work with 
other individuals and other companies is fundamental to success. The 
movement of products is also about the movement of products in a 
safe, tamper-free environment and retaining its quality. This means 
that packaging and handling systems need to be well thought out as 
a part of the supply chain design. The food supply chains are increas-
ingly global and logistics of food is no longer the movement of products 
from a local farm to the shop but includes a host of very complicated 
procedures to navigate across international boundaries. This will also 
require a different type of person doing the logistics job, with a dif-
ferent set of skills, and this is currently a challenge within the logistics 
industry. The people involved in the roles also need to be able to tran-
scend boundaries to be able to partner with their counterparts across 
the globe to make sure that the consignment reaches the customer as 
per the specifications. However, as supermarkets compete with each 
other for the customers’ business and try to create product differen-
tiation to suit customers’ requirements, some of the logistics are moving 
from being international to local. As consumer preferences change  
to trying out local or seasonal produce and reducing food miles, some 
of the logistics environments will change to local movement to ac-
commodate business models that create product differentiation.

Inherently, logistics is about the movement of product. The success 
of the system will be measured on the basis of on-time delivery, keep-
ing to the customers’ specifications. The focus of development and 
innovation within logistics is centred around the mechanics and  
details of product movement and handling, storing and packaging. 
For example, the retail environment will prescribe the packaging  
requirements to standardize shelving and movement of the products 
internally through their systems. Vehicles will be equipped with global 
positioning satellite (GPS) systems and advanced tachograph and 
communications equipment, allowing real-time driver and vehicle 
performance monitoring, including fuel consumption analysis. The 
delivery to supermarkets and from ports will be held to measurements 
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of windows, facilitating scheduling. In distribution centres, voice- 
activated or controlled picking has been implemented to maintain 
accuracy and increase operational efficiency. Taking a cue from the 
automotive sector and the use of just-in-time (JIT) production man-
agement systems, the retail environment has implemented programmes 
such as vendor-managed inventory and efficient consumer response 
to maintain inventory levels on the shelves as and when required. 
This is facilitated by shelf-ready merchandizing of the product, as the 
product can then go directly onto the shelf without requiring internal 
processing. The usefulness of technology for all these processes can-
not be denied and hence the supply chain needs to gear up with the 
appropriate technology to achieve the objectives of the system. Such 
detailed developments remain key elements of supply chain integra-
tion. One requirement for the food industry is the management of 
fresh, chilled and frozen food items. The logistics environment requires 
temperature-controlled infrastructure. This is not only storage but 
also temperature-maintained vehicles.

The factors affecting logistics environments

Fifteen years ago, Alan McKinnon2,3 reviewed and summarized the 
key components of the transformation of the logistics sector with the 
UK context. He identified six trends, all of which are closely related 
and mutually reinforcing. These trends are still very valid and are 
constantly upgrading, with a big impact on logistics systems:

1 The creation of logistics networks with the mapping of 
warehouses and distribution centres increased retailers’ control 
over the distribution of the products from the warehouses to 
their retail environments. The retailers exert a tighter control 
over the supply chain through the use of information 
technology (IT), particularly the large, integrated stock 
replenishment systems that control the movement and storage 
of an enormous number of separate products.

2 The development of ‘composite distribution’ (the distribution 
of mixed-temperature items through the same distribution 
centre and on the same vehicle) and centralization in specialist 
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warehouses of slower-moving stock have helped to reduce 
inventory and increase operational efficiency. In the case of 
mixed retail businesses, this includes the establishment of 
‘common stock rooms’ (where stock is shared across a number 
of stores, with demand deciding to which store stock is 
allocated).

3 There has been an adoption of ‘quick response’ (QR) 
approaches with the aim of cutting inventory levels and 
improving speed of product flow. This has involved reducing 
order lead time and moving to a more frequent delivery of 
smaller consignments both internally (between distribution 
centre (DC) and shop) and across external links with suppliers. 
This has greatly increased the rate of stock turn and increased 
cross-docking rather than storage at DCs. This has been possible 
through the use of technology and electronic point of sale 
(EPS) data using integration systems such as EDI and ECR.

4 The trend to using JIT and QR also requires control over the 
inventory in the total supply chain. This led to retailers 
rationalizing the inventory from the manufacturer to the retail 
store and not just from the DC. The concept of port-centric 
logistics (PCL) has helped to cut down on miles and carbon 
emissions. Coupled with the PCL concept is the move towards 
multimodal logistics.

5 The advent of integrated supply chain management and 
efficient consumer response (ECR) has helped to shorten the 
supply chain from factory to store, with the manufacturer 
taking more control of the inventory on the shelves. The 
technology for achieving close integration and sharing of live 
data is already available. This is also supported by vendor-
managed inventory (VMI) systems and collaborative planning 
forecasting and replenishment (CPFR) systems.

6 Reverse logistics as an important aspect of supply design is an 
important trend. The costing of products and services will need 
a life-cycle costing approach, taking into account the costs of 
the reverse supply chain. This will include return flow of 
packaged material and handling equipment for recycling/reuse 
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and products returned by the consumer on account of quality. 
Retailers have become much more heavily involved in this 
‘reverse logistics’ operation.

ICT future trends in agri-food logistics4

The proliferation of internet and mobile technology has influenced 
how logistic services work to deliver the product to the consumer. 
Tracking of deliveries, using click and collect, modifying delivery 
times or alternatively booking exact slots for collection and so on are 
possible through the use of connected networks. Online retailing has 
changed the rules of the game. When purchasing from Amazon, a 
consumer will know exactly how many of the item required are in 
stock and will decide whether it will be bought. This field of study is 
known as smart logistics, and when applied to the agri sector it is 
called smart agri-food logistics. The smart agri-food logistic system 
will utilize tracking and tracing technologies, with access to data 
being received through the sensors in the system. Some of the charac-
teristics of the smart-agri logistics sector are:

 ● Internet of Things (IOT): The Internet of Things is a system 
in which the various types of sensor embedded into the  
agri-food network communicate with each other and share 
intelligence. These applications are currently limited in scope 
and focus on specific subparts of the logistics chain in which 
the sensors are embedded to capture data such as temperature, 
humidity and so on. Using communication technologies such 
as networked radio-frequency identification (RFID), wireless 
sensor networks and near-field communication, the system  
can relay important information regarding the status of the 
shipment to the control system. The technology can work only 
if the signals are strong.

 ● Telematics systems: Sensors are used in the logistics process to 
react to changes of ambient parameters (eg temperature, light, 
ethylene concentration etc) and send this information to the 
monitoring centre. Further information about location, speed 
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and context coupled with the ambient parameters will help to 
create effective forecasting. The key challenge of integrating 
systems across supply chains will need advanced governance 
models to maintain data integrity and privacy.

 ● Tracking and tracing: To enable greater control over the 
products in the chain and the chain itself, the level of 
traceability should focus on the whole supply chain. The 
system needs to be able to trace across and through the various 
processes in the chain.

 ● Autonomous systems: Changes are required to enable each 
entity inside the logistics processes to process information, take 
decisions autonomously and communicate with other entities. 
This should capture the intelligence and ensure the integrity of 
content. ‘Mobile software components’ to be used in different 
systems operated by the actors in the food chain need to be 
certified to ensure data integrity.

 ● Business intelligence: To support strategic and functional 
decisions, business intelligence systems analyse all relevant 
electronically accessible data and process models by 
acquisition, processing and dissemination.

Packaging in logistics

Food will be transported in various types of packaging (not retail 
packaging with branding) such as containers of boxes, with the aim 
of holding and protecting the food during distribution and transit. 
The operational requirements for such containers are that they 
should:5

 ● hold and protect the products against climate and 
contamination risks throughout the journey;

 ● be compatible with the product;

 ● be easy to fill, seal and handle;

 ● remain securely closed in transit, but open easily when 
required (eg customs inspection) and reclose securely;
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 ● carry information for all stages of the supply chain regarding 
the contents, destination, and how to handle and open the 
pack (smart containers will also have GPS tracking);

 ● be readily disposable or reusable.

The material used for some of these containers is:

 ● corrugated fibreboard cases;

 ● shrink-wrapped or stretch-wrapped corrugated trays;

 ● wooden or metal cases, crates, barrels, drums;

 ● sacks;

 ● intermediate bulk containers (IBCs) made from metal, plastic 
or corrugated fibreboard (including combi-bins, large boxes);

 ● large bags made from woven plastic fabric.

IBCs are reusable industrial containers designed for the transport and 
storage of liquid and powders with a capacity of around 1,000 litres 
and having an integral pallet and bottom discharge valve. Many of 
the food containers are expensive and are returned in the reverse supply 
chain for reuse. Some containers which are used to handle perishable 
food with a risk of contamination will be used only once.6 When 
transporting perishable food items, there will be a need to use spe-
cialized boxes and packing materials, gel packs, thermal blankets, dry 
ice and other materials.

Temperature-controlled supply chains

Supply chain activities are either managed in-house by food and bever-
age retailers and manufacturers themselves, or outsourced to third-
party logistics providers, such as DHL Supply Chain, Wincanton and 
Hellman Worldwide Logistics, among others. Logistics activities in 
the food and beverage sector operate across four temperature bands:7

 ● ambient – eg canned foods, jars of coffee, bags of sugar;

 ● fresh produce – fruits and vegetables;

 ● chilled – such as dairy products and ready meals;

 ● frozen – frozen fresh produce, meals, ice creams, etc.



Operational challenges76

Temperature monitoring and recording is a legal requirement for the 
food sector. This also provides more control over the supply chain 
and can be facilitated by using time–temperature integrators or indi-
cators, which connect to the IT systems, to individually monitor the 
temperature conditions of food products.8 A temperature-controlled 
food supply chain requires products to be maintained in a temperature-
controlled environment, rather than exposing them to variable ambient 
temperatures at the various stages of the supply chain.9 The complexity 
of the food distribution will be based on the type of product, the 
available modes of transport between farm and fork, legal require-
ments and so on. Retail food supply chains will generally distribute 
multiple types of product with different temperature requirements 
within the same journey, and this creates further complexity. If a  
food supply chain is dedicated to a narrow range of products, the 
temperature will be set at the level for that product. If a food supply 
chain is handling a broad range of products, an optimum tempera-
ture or a limited number of different temperature settings are used.10 
The temperature zones will differ according to whether the require-
ment is for frozen(–25°C; ice cream etc), cold chill (0–1°C; fresh meat, 
poultry, dairy, fruits etc), medium chill (5°C; butter, cheese etc) or exotic 
chill (10–15°C; (potatoes, eggs, exotic fruit etc).11 However, when 
designing the supply chain and food handling it is important to  
understand that carrying different types of food may cause risk of 
product interactions; for example, bananas produce ethylene, which 
accelerates the ripening process of other fruits. Also, food safety 
within these interactions needs to be considered, as there may be  
listeria in cheese products, salmonella in chickens and eggs, BSE in 
cattle, E. coli in vegetables, and so forth.12

Temperature-controlled warehouses (multi-temperature composite 
warehouses) and multi-temperature delivery vehicles are available to 
meet the strict distribution requirements of the food supply chain, 
ensuring good on-shelf availability while minimizing wastage. Owing 
to the availability of multi-temperature vehicles, distribution and  
vehicle utilization have improved. Another advantage of using multi-
temperature warehouses and vehicles is that the goods can come  
directly into the temperature-controlled zones of the retail store in 
reusable plastic trays, on ‘dollies’ or on roll cages.13
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The logistics of perishables

The logistics of perishable food products and fresh produce is a 
complex task in which temperature is a very important factor.  
In the previous section, the discussion was an introduction to the 
concept of temperature-controlled supply chains. This section will 
consider the challenges involved in moving perishables in the inter-
national supply chain. Perishable products can be transported via 
air, land or sea. When considering international chains, the default 
mode of transport that one thinks of is air. The task is to keep the 
food fresh throughout the journey without losing valuable shelf life. 
Perishables can be of many forms: flowers, fresh fruit and vegeta-
bles, ready-to-eat processed meals, ready-to-eat food such as fresh 
cream cakes, meat and so on. The mode of transport used will  
depend upon which product is considered and the required speed of 
delivery. Innovations in food packaging, fruit and vegetable coat-
ings, controlled ripening techniques, radiation and so on have tried 
to extend the time taken for the food to deteriorate. This also means 
that if a product now takes more time to deteriorate, the company 
may decide to use a transport mode that is cheaper (than air) but 
takes more time to reach the destination. In some cases, the com-
pany will use air cargo services to send the first consignment as ‘first 
harvest of the season’ but schedule the subsequent consignments  
to arrive by sea.14 Both air and sea cold-chain logistics have their 
advantages and disadvantages.

The majority of food that is moved globally travels by container 
freight. This includes almost all dry food and some perishables.  
Air cargo can be sent via two modes – passenger aircraft and cargo 
services. Fresh fruit and vegetables from Africa or Asia will use pas-
senger aircraft services to deliver the consignment. However, although 
the services are less expensive, exporters will need to manage their 
schedules strictly as per the passenger aircraft timetables. Cargo air 
services are generally tailor made and could provide a better service 
(at a higher cost); however, again this will depend upon the location 
of travel and whether the exporting location has regular flights.  
As packaging technology improves and innovates, it is possible to 
ship using refrigerated containers, which provide a better consistency 
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of cold chain than using air. The trade-off is that it will take more 
time for delivery. For the cold chain to work efficiently and effec-
tively, movement from one cold region to the other should be seam-
less. With air travel, although the time taken for travel will be less, 
the length of time that the product spends exposed to the external 
temperature may be more than is the case when travelling by ship  
in refrigerated containers. In 2013–14, major shipping lines took a 
decision to travel slowly (slow steaming) in order to reduce fuel con-
sumption. This has increased the time taken by ships to reach their 
destinations, leading to some exporters switching from sea to air for 
transporting their perishables.

There are a number of factors that need to be considered when 
designing perishable cold chains:

1 Maintaining the seamless cold chain from source to retail – 
this will also depend upon the type of product being 
considered.

2 Mode of travel – this should depend upon, among other 
factors of cost and time, what kind of value the supply chain  
is seeking to deliver to the consumer.

3 Food safety – the design will need to consider the traceability 
and regulatory requirements of the importing country and the 
operational issues of hygiene, using the appropriate containers, 
employee training and so on.

4 The appropriate packaging technology – to match product 
characteristics in order to reduce exposure and increase  
shelf life.

5 Technology for real-time monitoring of temperature, 
movement, location, humidity levels and so on, and using  
this data for analysis.

6 Effective on-costs, on-time delivery and understanding of the 
dynamics of the cold chain.15–17
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Case examPle The dabbawala18–21

The dabbawala or ‘tiffin carrier’ is a person who carries a lunchbox from the 
customer’s home to the office and back. Simplistically, the person operates a 
bidirectional delivery system. The same lunchbox comes back to the house to be 
ready for the next day. The aim of this logistics system may look easy; however, 
5,000 men deliver over 200,000 meals a day, picking up the tiffins in the morning 
from the homes of their customers, typically packed with home-made food. This 
system operates in the city of Mumbai.

The system of the dabbawalas is managed through strong team working and 
strict time management. At 9 am every morning, home-made meals are picked up 
in special boxes, which are loaded onto trolleys and pushed to a railway station. 
The lunchboxes then travel by train to an unloading station (which is the central 
hub). The boxes are rearranged so that those going to similar destinations, 
indicated by a system of coloured lettering, end up on the same trolley. The meals 
are then delivered – 99.9999 per cent of the time to the correct address, giving this 
system a six-sigma status. The coding on the lunchbox’s outer cover consists of a 
large bold number in the centre that indicates the neighbourhood where the dabba 
(lunchbox) is to be delivered; characters on the edge of the lid denoting the office 
building, floor number and the dabbawala who will make the delivery; and a 
combination of colour and motif for the railway station of origin. The local journey 
from the home to the hub is handled by one individual. After the lunchboxes are 
consolidated at the hub and then deconsolidated as per neighbourhood, they are 
carried by another person who deals with that route. It may be necessary for 
someone to carry the lunchboxes from the hub to the neighbourhood, again by 
train, and then hand over the boxes to another local individual. The dabbawalas 
operate their system according to the schedules of the Mumbai local railway 
system, as this is the mode of transport for them to carry the lunchboxes to the 
hub. The local journey from the hub in both directions is done by bicycle.

The 5,000 dabbawalas of Mumbai are organized into a flat structure of 200  
self-managed teams of 25 individuals each, who vary in age from 18 to 65, with the 
most experienced acting as supervisors in addition to doing their own deliveries. 
Their motivation is derived from their cultural underpinning that delivering  
the lunchboxes is like a spiritual act. This system originated in Mumbai about  
125 years ago.
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Case examPle  The journey of green beans from Kenya to 
UK supermarkets22

Fresh and packed green beans available in UK supermarkets travel over 4,000 
miles from Kenyan farms. The UK tends to import about 165m packets of beans 
every year. The beans are sourced from small farms in Kenya. When the beans are 
ready to be harvested, they are hand-picked using manual labour. The beans have 
to be perfect in shape and size or supermarkets will reject them, so beans that are 
curved or not a good shape are thrown away or fed to animals. The beans are 
picked when the weather is sunny and very hot and have to be stored in chilling 
rooms as soon as they are picked. However, electrification of villages in Kenya is 
not a norm, so the farm has to be innovative in order to solve this challenge, as 
they will lose the day’s harvest if the beans are not chilled immediately. The beans 
ideally have to be maintained at 5°C. The farm has developed a charcoal chilling 
room that doesn’t need electricity. Once harvesting is done for the day, the beans 
are loaded onto refrigerated trucks and taken to a pack house 20 minutes away. 
The pack house is temperature-controlled and the packing will be done (in terms 
of packaging and labelling) as per supermarket requirements. This will give the 
beans a shelf life of eight days. Once packed, the consignment is sent in a 
refrigerated vehicle to the international airport and then to the UK in the cargo 
hold of a passenger aircraft. The beans take 48 hours to get from the farm to the 
supermarket shelf.

Case examPle  The fresh cut-pineapple supply chain from 
Ghana23

One of the regions of the world whence UK supermarkets source pineapple, both 
as a whole fruit and as fresh cut pieces, is Ghana. Pineapples normally take  
18 months to grow before they are ready for harvesting. The harvesting has to be 
done precisely at the time when he pineapple is the sweetest, as once it is 
harvested it does not ripen any more but just goes off. The farms use a tool called 
a refractometer to test the sugar content of the pineapple. If it is found to be the 
correct amount, the pineapples are harvested. Once picked, they have to be 
chilled immediately. The harvest is then sent to a processing centre, which 
prepares the fruit for export. The pineapple is cut into chunks and packaged for 
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dispatch. The centre processes 20 metric tons of pineapple a day. The packaging 
uses a special film, which has micro pores that let the carbon dioxide out of the 
pack but do not let oxygen get in from outside. This retains freshness for about six 
days. The packed consignment is sent to the airport for delivery to the UK.

Summary

This chapter has presented an overview of the food logistics environ-
ment. It considered the integration of the logistics environment and 
the impact it has on the food supply chain. Then a discussion of the 
trends affecting the logistics environment in general led to a view on 
smart-agri logistics and the future of internet technology and data 
systems. A brief overview of the types of material used in packaging 
food for delivery was given, followed by a discussion of temperature-
controlled food supply chains. A lot of fresh produce and perishables 
is imported into the Western retail environment on a daily basis and 
the transportation of perishable goods is a complex but interesting 
task. Hence, a brief discussion on the logistics of perishable products 
was provided. Finally, the chapter ended with three case examples 
looking at some of the concepts from the chapter.
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06Challenges in 
international  
food supply chains

As markets open up in the developing world and the demand for 
processed food increases, the agriculture and food-processing 

sectors are working hard to cope with the new demand challenges. 
However, the products have to travel across international boundaries 
before they can be consumed, and this causes even greater challenges 
of navigating through national regulatory regimes and local politics. 
Trade in fishery products, exotics, pre-cut products, organic products 
and off-season fresh fruits and vegetables are in demand owing to the 
proliferation of the food retail environment. Global market standards 
are stringent and the products not only have to be safe and of very 
good quality, but also should have the appropriate packaging and 
labelling on them. Consumers in developed countries and in urban 
areas within developing and transition economies demand safe and 
nutritious food, excellent quality and just-in-time delivery. This 
presents major challenges to producers and countries that lack state-
of-the-art technologies and infrastructure. Particularly for producers 
in developing countries, collaboration between trade partners has  
become increasingly important for the success of international trade 
in the competitive market. A lack of information regarding regulation 
changes and lack of skills and training in value-adding technologies 
increase the challenges that exporters in developing countries face on 
a daily basis. This chapter presents an overview of these challenges 
and some approaches to overcome them. The chapter also discusses 
the challenges of international trade from the perspective of politics.

84
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International food supply chains

The advent of fast logistics, organized retail environments and regu-
latory reforms has provided an opportunity for consumers to access 
fresh agricultural produce all year round. The debate with regard to 
using local produce (seasonal varieties) as against food miles will prevail. 
However, agriculture supply chains across the world are gearing up 
to get a share of the pie and are trying to coordinate with retailers 
and importers to fulfil new consumer demands. Since the demand is 
no longer confined to local, regional supply, systems need to be put in 
place for fresh produce to be shipped from across the world at lower 
costs and competitive prices. Advanced information technologies  
enable traders to respond quickly to changes in consumer demand 
and facilitate the flow of goods in today’s highly complex global  
marketplace.

The path to international trade is strewn with challenges in the form 
of regulation, trade barriers and tough retail certification standards. 
In the developing countries and emerging economies, companies face 
particular challenges in adapting to these changing requirements as 
there is poor communication and training opportunities. Producers 
in developing countries are capitalizing on opportunities by entering 
into partnerships with multinational businesses active in the global 
food chain. In the developing world, some local farmers have linked 
their production activities to the interests of large food companies 
within vertically controlled operations. These new requirements also 
put extra focus on new forms of production technologies, labour 
processes and organizational relations.

Supply chain management

Supply chain management is an important platform to achieve col-
laboration between trade partners. Collaboration will help producers 
in developing countries and emerging economies to gain access to 
markets and the required trade facilitation information. Developing 
international supply chains is a complex task and requires information 
and expertise about supply chain design and performance measures.
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The advantages of supply chain management are numerous:

 ● better control of product quality and safety;

 ● reduction of product losses;

 ● better demand management;

 ● reduction of transaction costs;

 ● technology sharing and access to capital;

 ● collaborative knowledge exchange among chain partners.

When designing international food supply chains, it is essential to 
consider sustainability as a variable on which the design will be 
based. This will ensure that along with the measures of achieving 
economic stability, the supply chains will help in regional development 
in the other two sustainability variables – social and environmental. 
‘For example, it can stimulate the development of local agro-industry, 
employment generation, local food production, value addition to 
products, introduction of new technologies, decreasing product losses, 
increased export earnings, and improved food safety and nutrition by 
connecting chain partners and their activities.’1

Factors affecting the future of international 
food systems

As the world’s population increases and the demand for food simul-
taneously increases, international food systems are under pressure to 
fulfil these demands. Although the driving force behind international 
trade is economic benefit and progress across the world, the environ-
ment around us is increasingly becoming unstable and is affecting 
these food supply chains. A Foresight report from the UK govern-
ment titled ‘The Future of Food and Farming’ has discussed the chal-
lenges that food supply chains may face in the future. The report also 
discusses the recommendations to overcome these challenges. Following 
is a very brief representation regarding the challenges as discussed in 
the report2 and in other wider literature.
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Global population increases

The population of the world could rise to an excess of nine billion by 
2050 and the majority of the rise will be in low- and middle-income 
countries, which will create further resource challenges as people 
move from rural areas to cities for employment.

Changes in the size and nature of per capita demand

There are patterns depicting a change of dietary preferences across 
the world as diets move from grain to meat consumption. This also 
affects agricultural output, as it creates competition for grain con-
sumption between humans and animals (for meat). Dietary changes 
will also affect the fishing industry and will require an expansion of 
aquaculture.

Future governance of the food system at both national 
and international levels

Many aspects of governance have a significant impact on the work-
ings of the food system:

 ● The emergence and continued growth of new food 
superpowers, Russia, Brazil, China and India.

 ● The trend for consolidation in the private sector,  
with the emergence of a limited number of very  
large transnational companies in agribusiness, in the  
fisheries sector and in the food-processing, distribution  
and retail sectors.

 ● Production subsidies, trade restrictions, other market 
interventions and the extent to which governments will  
act to face future challenges, collectively or individually.

 ● The control of increasing areas of land for food production 
(such as in Africa) will be influenced by both past and future 
land-purchase and leasing agreements – involving both 
sovereign wealth funds and business.
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Climate change

Rising global temperatures and changing patterns of precipitation 
will affect crop growth and livestock performance, the availability of 
water, fisheries and aquaculture yields and the functioning of ecosystem 
services in all regions. This will increase volatility in production and 
prices along with challenges in logistics. There will also be pressure 
to reduce greenhouse gas emissions.

Competition for key resources

Several critical resources on which food production relies will come 
under more pressure in the future. These resources are:

 ● land available for food production;

 ● energy availability, as the demand is increasing;

 ● water availability, for agriculture, industry and domestic use.

Perception of consumers

Consumer perceptions regarding the food they consume will have an 
impact on future food security, governance of the system and policy 
making: for example, perceptions regarding genetic modification,  
nanotechnology, cloning of livestock, organic food, animal welfare 
and so on.

Managing challenges in international food 
supply chains

As shown by Figure 6.1, there are four key interrelated factors which 
should be kept in mind when managing the challenges of an interna-
tional food supply chain.

Trust

A high degree of trust between the partners in a buyer–supplier rela-
tionship is favourable for coordinated behaviour, whereas low trust 
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leads to competitive behaviour. Long-term relationships and trust  
encourage effective communication, information sharing and joint 
pay-offs. Within a food supply chain, trust is very important when 
traceability and transparency are difficult to achieve. Trust built up 
through long-term relationships also requires a mutual agreement to 
meet international certification standards and other auditing require-
ments. Alternatively, certification programmes, shared values and 
reciprocity in benefits can help in developing trust and long-term  
relationships. Chapter 7 discusses this concept further.

Governance

As food supply chains become global and complex, it is getting  
extremely difficult for individual companies in the supply chain to 
monitor the supply chains themselves. ISO 22000 standardizes global 
food safety standards and emphasizes interactive communication 
and traceability right through the supply chain. The Sanitary and 
Phytosanitary Measures Agreement, or SPS, is an international agree-
ment on food safety and animal and plant health standards that sets 
out the basic rules. However, it allows individual countries to set 
their own food safety standards. Member countries are encouraged 
to use international standards, guidelines and recommendations 
where they exist. If an exporting country can demonstrate that the 
measures it applies to its exports achieve the same level of health 
protection as in the importing country, the importing country is expected 
to accept the exporting country’s standards and methods. International 

Figure 6.1  Factors to manage international supply chains

Trust

Internal
control

Relationship Governance
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exporters will need to acquaint themselves with the relevant legislation 
and certification requirements within the retail environment. This is 
discussed further in Chapter 11.

Relationship

Supply chain relationships have been seen to be an important aspect 
of managing supply chains. It is important to focus on the actual 
dynamics of the supply chain and the role of each entity at the inter-
organizational boundary. The emphasis upon managing the supply 
chain as a source of competitive advantage has led many organiza-
tions to reassess the role of their suppliers to achieve or sustain  
competitiveness and customer service. Within the food supply chain, 
better relationships could help to reduce opportunistic behaviour and 
facilitate better implementation of food safety, thus reducing the  
proliferation of the food risk through the global supply chain.

Internal controls

Some of the internal controls which an organization within the food 
supply chain can utilize are shown in Table 6.1.

table 6.1   Internal controls to manage risks in international 
food supply chains

IT disaster recovery plans Identification of mission-critical assets 
and activities

Recall procedures Scenario planning

Crisis management team/Incident 
management team

Relocation readiness

Risk registers Continuity planning with suppliers and 
customers

Risk analysis and categorization 
(likelihood/impact)

Supplier compliance audits and risk 
diagnosis
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International politics and food

The relationship between food security, conflict and food availability 
needs to be discussed. The objective of achieving food security has a 
major influence on national politics. Overseas conflicts or challenges 
affecting individual countries will sometimes escalate to endanger 
domestic interests and lead to countries taking protectionist decisions 
which in turn will have an impact on trade and the economy. The 
fallout from the event will affect food availability, cause displacement 
of people and incur the expense of post-event reconstruction. Food 
price inflation is about not only the relationship between supply and 
demand but also the likelihood of governments panicking and sub-
sequently taking decisions to hoard food or limit exports. For example, 
following a severe drought and wildfires in 2010, Russia announced 
that it would be banning all grain exports to prevent a rise in domestic 
food prices.3 This raised global wheat prices to a two-year high, and 
prices of other crops, including barley, rice and corn, also rose sharply. 
This action affected the costs of food processors using wheat as a raw 
material (for example, bread manufacturers).

The Final Act of the Uruguay Round of Multilateral Trade Negotia-
tions was conducted and signed in Marrakesh on 15 April 1994.  
This Agreement on Agriculture and other agreements contained in 
the Final Act, along with the General Agreement on Tariffs and Trade 
as amended (GATT 1994), are part of the treaty which established 
the World Trade Organization (WTO) in 1994. The WTO superseded 
the GATT as the umbrella organization for international trade. The 
Technical Barriers to Trade (TBT), 1979 was superseded by the WTO 
TBT, 1994. The Agreement on Agriculture also formed the application 
of the Sanitary and Phytosanitary Measures. The three agreements 
that have an impact on food trade and regulation are:4

1 SPS;

2 TBT 1994;

3 GATT 1994.

The SPS Agreement covers the following measures:

 ● to protect human or animal life from risks arising from additives, 
contaminants, toxins or disease-causing organisms in their food;
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 ● to protect human life from plant- or animal-carried diseases;

 ● to protect animal or plant life from pests, diseases or disease-
causing organisms;

 ● to prevent or limit other damage to a country from the entry, 
establishment or spread of pests.

Measures for environmental protection (other than as defined above), 
to protect consumer interests or for the welfare of animals are not 
covered by the SPS Agreement, but are addressed by the TBT 
Agreement or Article XX of GATT 1994.

National food safety and animal and plant health measures which 
affected trade were subject to GATT rules (when it is not relevant 
under SPS). Article I of GATT 1994, the most-favoured nation clause, 
required non-discriminatory treatment of imported products from 
different foreign suppliers, and Article III required that such products 
be treated no less favourably than domestically produced goods with 
respect to any laws or requirements affecting their sale. These rules 
are applied, for example, to pesticide residue and food additive limits, 
as well as to restrictions for animal or plant health purposes. The rules 
provided an exception (Article XX:b) in which, where necessary, for 
purposes of protecting human, animal or plant health, governments 
could impose more stringent requirements on imported products 
than they required of domestic goods.

The TBT Agreement covered technical requirements resulting from 
food safety and animal and plant health measures, including pesticide 
residue limits, inspection requirements and labelling. It was agreed that 
governments would use relevant international standards (for example, 
codex). In terms of food labelling requirements, nutrition claims and 
concerns, quality and packaging regulations are generally not considered 
to be sanitary or phytosanitary measures and hence are normally 
subject to the TBT Agreement.

Supply chain development

International food supply chains play a very important role in eco-
nomic development in both importing and exporting countries.  
The movement of goods and cash stimulates employment and social 
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regeneration. Supply chains that are governed well will also protect 
the environment and create ethical behaviour not only between the 
transacting partners but hopefully across the network. However,  
developing the supply chain and the relationships requires effort and 
commitment from partners and help and support from governments. 
Public-sector support plays an important role in the development of 
supply chains to create an enabling environment for private-sector 
infrastructure development. Developing countries and emerging 
economies have a lack of government support for communication 
and transport infrastructure (eg roads and ports), agricultural research 
and extension services, and financial institutions. This stifles trade 
and growth, thus affecting supply chains. Some countries are realizing 
the potential of international food supply chains in creating long-
term value and development, and their governments are increasingly 
moving towards creating policies conducive to the development of 
the food sector. Within the international political arena, agricultural 
trade is integrated into the WTO commitments. The discussion 
around how countries should evolve their agricultural policies and 
open markets will hamper developmental programmes domestically. 
Coupled with these scenarios, SPS measures, export subsidies and 
tariffs, quotas and strict safety and quality regulations imposed by 
importing countries will create barriers for developing countries.

Governments can improve the environment for agri-chain develop-
ment by:

 ● creating information and skills training platforms for people in 
the food sector to upskill;

 ● investing in logistics infrastructure;

 ● creating incentives for sustainable use of resources;

 ● developing financial instruments for the agriculture sector – to 
promote growth;

 ● establishing and enforcing judicial processes for land and 
property rights, and for resolving contract disputes;

 ● ensuring the availability of market information and statistics to 
facilitate market activity and to monitor market progress;

 ● creating joint R&D between the public sector, the private 
sector and universities.
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Case examPle  The growth of the Brazilian agriculture 
industry5–9

At the beginning of 2014, Brazil’s Ministry of Agriculture, Livestock and Food 
Supply anticipated a record year for the agriculture and agribusiness sector. The 
ministry forecast an output of 90 million tons of soybeans (making it the world’s 
largest soybean producer) and 193 million tons of harvested grain, moving Brazil 
closer to becoming one of the world’s top food producers. When Russia banned 
imports of certain key food items from Europe as a retaliation for Europe’s ban on 
companies working with Russian banks and the energy sector, Russia had to turn 
to Brazil for its supply of chicken and beef. Brazil is the world’s largest meat 
exporter. Brazilian food exporters could take the opportunity to build supply chain 
relationships with Russian importers to replace European competitors when 
Russia lifts the ban.

In a report on the Brazilian agriculture industry in 2010, The Economist explained 
how Brazil in the previous 30 years had turned from being a food importer into one 
of the world’s top food producers and exporters. Companies such as BrasilAgro 
are using a combination of farming methods and new technology to make the 
projects successful. BrasilAgro buys neglected farms and modernizes them, uses 
radio transmitters to monitor weather patterns, uses SAP software to create 
efficiencies and provides employment to the local population, along with 
infrastructure development of the road network, which facilitates the harvest’s 
journey to Brazil’s ports thousands of kilometres away. Brazil currently uses only 
about 15 per cent of its arable land and it has an abundance of renewable water, 
hence as a country it does not have the challenges faced by some other countries 
with regard to land and water scarcity. However, the challenge in Brazil was the 
unskilled approach to farming. The Brazilian Agriculture Research Corporation, 
set up in 1973, modified the farming approach to farming using a scientific 
approach and created a robust method of agriculture. Instead of cutting down the 
Amazon jungles, it used land within the savannah (1,000 kilometres away from the 
forests) for agriculture. The land was not arable and so it created arable land 
using scientific methods. For cattle feed, it crossbred a species of grass from 
Africa to create a high-yield grass cattle feed and it also crossbred soybeans to 
make a variety that would grow in Brazil’s climatic conditions. Farming moved 
from one crop per year to two crops per year, doubling the yield. The organization 
worked on creating a forest, agriculture and livestock integration farming system 
where the same land is used for farming and livestock feeding alternately. Also,  
it pioneered a new farming technique known as ‘no-till’ in which, during harvest,  
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it leaves the stalk quite high and lets it rot into the soil as natural green manure. 
The ground is not tilled for the next crop; instead, the seeds are sown directly over 
the green manure.

The biggest challenge for Brazil’s agribusiness sector is logistics infrastructure. 
The movement of harvest is mainly done using roads and lorries, which takes a lot 
of time as the major port is far from the farms. China, however, has interests in 
Brazilian commodities and will be taking the opportunity to invest in railroads to 
reduce transportation time and costs. Initially, China had a strategy of investing in 
farmland, mines and so on. However, since this was viewed with suspicion by the 
government, it has changed strategy to invest in processing plants rather than 
farms. This puts China very strategically into the agri-chain and hence it will have 
access to the produce directly.

Univar Brasil is a diversified company with interests in sectors including food, 
cosmetics, polyurethane and industrial paints. Its food business distributes 
additives and ingredients from well-known manufacturers to clients in markets 
such as bakery, meat and dairy products, sauces, soups, condiments, beverages, 
pet food and sweets. The company was formed when the parent company Univar 
made the move into the Brazilian market two years ago. The company has seen a 
very high growth within the processed food sector too, and as a supplier of food 
ingredients and sweeteners it has had the opportunity to innovate as the capability 
of the agribusiness sector increases and export markets open up. The company 
believes that the Brazilian agribusiness sector will need government support to 
develop infrastructure but that the industry also needs to concentrate on the 
global supply chain with a drive to innovate and create strategic partnerships.

Case examPle  The impact of the Fukushima disaster on 
Japanese food exports10–15

On Friday 11 March 2011, a very powerful earthquake of magnitude 9.0 struck 
northeast Japan, 80 miles east of the city of Sendai, in Miyagi prefecture, in the 
Pacific Ocean. The earthquake generated a massive tsunami that struck the 
coasts of Iwate prefecture, just north of Miyagi prefecture, and Fukushima, 
Ibaraki and Chiba, the prefectures extending along the Pacific coast south of 
Miyagi. The tsunami disabled the power supply and cooling of three Fukushima 
Daiichi reactors, causing a nuclear accident on 11 March 2011. All three cores 
largely melted in the first three days. This caused a radiation leak over a 29 km 
zone. Officials in Japan issued warnings against the consumption of local food 
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and water. The Japanese government halted shipments of local produce and 
advised against eating leafy vegetables from the region. The World Health 
Organization, Food and Agricultural Organization and the International Atomic 
Energy Agency were monitoring radioactivity within food levels. Singapore 
stopped imports of milk, meat, vegetables and grain. As a precaution, the United 
States, Australia, New Zealand and Russia banned food imports from the regions 
of Fukushima, Gunma, Ibaraki and Tochigi. Stores across Asia withdrew Japanese 
food from the shelves, restaurants and hotels dropped Japanese food from their 
menus and major airlines stopped ordering Japanese food. In September, South 
Korea banned all fish imports from Japan’s northeastern coast owing to the 
suspicion of radioactive water leaking into the Pacific Ocean. This ban was for all 
fish caught around the 692 km coastline and did not restrict it to the affected 
region only.

 In March 2013, two years after the incident, 44 countries and regions were still 
restricting imports from Japan. Canada and Mexico decided to lift the restriction; 
however, China and South Korea continued with restrictions on mushrooms, fish 
and spinach. The Japanese government and the Japan External Trade Organization 
have been working on restoring consumer confidence and trying to reconnect 
Japanese food to the international food network.

In August 2014, Fukushima exported the first batch of rice (300 kg of the 
Koshihikari brand) to Singapore. The nuclear fallout affected the Japanese food 
export sector and it will take a considerable amount of time for the food supply 
chains to resume as normal.

Case examPle  The cucumber fallout between Germany and 
Spain16–19

An outbreak of E. coli occurred in Germany in May 2011. As the outbreak spread 
and people were infected with the bacteria, German health officials announced on 
26 May that cucumbers imported from Spain were the sources of the E. coli 
outbreak. Spanish authorities went on the defensive as the outbreak spread to  
10 countries, killing 16 people and affecting in excess of 1,500 people. The outbreak 
also spread to Sweden, Denmark, The Netherlands, Norway, Switzerland, Poland, 
France and Britain. However, no one in Spain was affected.

The origin of the outbreak was blamed on organic cucumbers grown in the 
Andalusia region of southern Spain. After Germany’s announcement, European 
countries recalled the cucumbers and took them off the shelves. Belgium blocked 
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the import of cucumbers, whereas Austria and Russia banned cucumbers and 
tomatoes from Spain. After tests were conducted on the cucumbers from  
the Andalusian region and on water and soil samples, it was found that the 
contamination did not originate in Spain. However, by the time Germany’s 
agricultural minister Robert Kloos had publicly cleared Spanish cucumbers, it had 
affected international trade in fresh vegetables across Europe as most farmers 
growing cucumbers had to throw away their produce, which amounted to 
hundreds of tonnes per day.

Summary

This chapter has presented a discussion of international food supply 
chains and the external factors that influence them. The benefits of 
supply chain management have been discussed in brief. International 
food supply chains are influenced by environmental changes, over 
which they have no control. The chapter discussed some of the factors 
that currently, and will in the future, influence how these chains operate. 
Managing the challenges within these chains is difficult, hence there 
are recommendations to use four factors to alleviate some of the 
challenges. These factors are: trust, relationships, governance and  
internal controls. Since food supply chains cross international bound-
aries, they are affected by national politics and it is important to  
get a perspective on this. Finally, the chapter ended with a few case 
examples that depict the points discussed within the chapter.
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07Collaboration  
and relationships

Supply chain relationships are of vital importance within food 
supply chains. In recent times, when instances of food fraud  

and crime have surfaced across international food supply chains, the 
debate and discussion around relationships and trust is vociferous. 
Food supply chains are dynamic not only because of the characteris-
tics of the product they carry but also the fact that they are vitally 
important to the final consumer and the health of a nation. The topic 
presented in this chapter regarding supply chain relationships is 
multidisciplinary, as it covers an array of influencing subject areas 
from psychology, human resources, innovation, sustainability, power, 
finance and economics, to name a few. Hence, the area is dynamic 
and relationship analysis can take various forms based on the influ-
encing variables. The chapter presents various perspectives and theo-
ries on buyer–supplier relationships and applies them within the food 
supply chain.

Trends in supply chain relationships

The actual dynamics of the supply chain and the role of each entity 
at the inter-organizational boundary are very important. Supply 
chain relationships across different sectors have been studied in the 
context of changing business trends:

 ● increasing incidence of vertical integration and disintegration;

 ● implementation of supplier-base programmes;

 ● focusing on operations;

100
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 ● outsourcing;

 ● just-in-time (JIT);

 ● increasing popularity of partnerships and partnership sourcing.

The emphasis upon managing the supply chain as a source of com-
petitive advantage has led many organizations to reassess the role of 
the supplier within their strategic plan to achieve or sustain com-
petitiveness and customer service. This has led to the development  
of supplier partnership programmes and vendor development as a 
strategic function. However, not every relationship provides a mutual 
benefit, and in the food sector power in the chain has become a con-
cern where the upstream feel squeezed. Generally, the most powerful 
entity controls the chain and dictates the operation of the chain. 
Relationship management is thus also a function of the power structure 
of the chain. Most research focuses on improving relationships, but 
the solutions are more tailored to meet the requirements of the most 
powerful entity in the chain. It is thus important to understand the 
tenets of these relationship scenarios and the theoretical under-
pinnings before applying them to the food sector. The following pages 
discuss various theories within supplier relationship management.

Transaction cost economics (TCE)

TCE focuses on the costs involved in making transactions rather than 
the costs of producing a product. Williamson put forth the theory of 
TCE to explain how buyer–supplier relationships are constructed 
and managed. The governance mechanisms under these relationships 
are influenced by three assumptions:

 ● Individuals in any economic system have a bounded rationality. 
It means that while people intend to be rational, in reality their 
cognitive capabilities are limited.

 ● At least some individuals are inclined to be opportunistic or to 
act in self-interest or guile.

 ● Information is asymmetrically distributed. Thus, parties in 
many transactions have access to only incomplete, imperfect or 
imbalanced information.1,2
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In the TCE framework, the costs of any transaction comprise the 
costs of planning, adopting and monitoring operations. In the case of 
a high level of collaboration, the buyer–supplier relationship will be 
close to the vertical mode of governance, whereas in cases of lower 
levels of collaboration, the relationship will be close to the spot-market 
mode of governance. Transaction-specific investments in the form of 
physical or human assets (dedicated solely to the relationship) are 
critical and could transform the nature of the exchange between the 
partners. These dedicated investments could also be effective in limit-
ing opportunistic behaviour within the relationship.

Relational contracting

Macneil3 developed a typology of business relationships as discrete 
versus relational exchanges. A discrete exchange is under the assumption 
that individual transactions are independent of past or future relations 
between the contracting parties and constitute nothing more than the 
transfer of ownership of a product or service. This resembles the 
spot-market transaction. In a relational exchange, historical and social 
contexts in which recurrent transactions have taken place influence 
the relationship. Relational exchange views the enforcement of obli-
gations due to the mutuality of interests between a set of parties.

The creation of a relational exchange also suggests that the rela-
tionship is recurrent and hence requires a more strategic view than a 
one-off transaction. However, the original approach to purchasing 
was to ‘get the right component at the right price’, and was based on 
one-off transactions between buyers and sellers, namely two individuals 
within two separate organizations. The transactions would generally 
tend to be the active buyer dictating terms and conditions to a passive 
supplier. Hence, most of the focus in the purchasing literature and in 
the industrial environment tended to favour the buyer, the customer 
being the most important entity in the relationship. Even though 
terms such as ‘collaboration’ or ‘partnership’ have expanded the  
approach taken by purchasing to supplier management and supplier 
development activities, the dominant role played in these relation-
ships is generally by the buyer or customer. Supplier development 
also has connotations of a process where the active buyer will help to 



Collaboration and relationships 103

improve its suppliers either through skills or through a financial resource 
approach.

Collaboration

Collaboration is a process to create integration between supply chain 
members for mutual benefit, resource sharing and to achieve common 
objectives. Collaboration will promote exchange of information and 
resources (including human skills). Close collaboration can help in 
reducing business uncertainty and risks. It also increases opportunities 
with access to technology and innovation.

Vertical collaboration involves collaboration with customers and 
suppliers and within the organization’s internal supply chain. Horizontal 
collaboration involves internal collaboration within the organization 
and its entities, but also external collaboration with competitors and 
other organizations. Internal collaboration refers to an organization’s 
collaborative culture (for example, existence of elements of trust and 
commitment). External downstream collaboration involves customer 
relationship management, while external upstream collaboration  
involves supplier management. Within a supply network there will be 
different levels of relationship. There will be a few relationships that 
are strategic with close collaboration, whereas others will be trans-
actional. Collaboration can be discussed under three forms:

 ● Transaction collaboration: this involves simple communication 
and partners exchanging data.

 ● Cooperative collaboration: this involves partners sharing data 
and processes and setting common supply chain objectives.

 ● Cognitive collaboration: this requires higher levels of 
involvement, as partners work together in joint planning and 
decision making and develop a relationship of mutual trust 
and interdependence.

Partnerships

A partnership is a relationship between individuals or organizations 
which is based on mutual interdependence and the agreement to  
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cooperate towards achieving common goals and objectives. This is 
derived to some extent from cognitive collaboration. Partnering  
increases the ability of the organization to coordinate communica-
tion between the supply chain entities and utilize resources efficiently. 
In a partnership, failure to perform by either party severely impacts 
the performance of the other. The human element within supply chain 
partnerships is extremely important in order to make the partnership 
work, and hence changes to organizational culture and behaviour are 
necessary when forming supply chain partnerships. The transition 
from adversarial supply chain relationships to cooperative relation-
ships is difficult for many managers, and supply chain entities should 
spend time and effort in training the individuals involved in partner-
ing relationships and work towards a cultural change within the  
organization.

Power influences within supply chain relationships

Power is defined as the ability of one actor to affect the behaviour of 
another. Having or acquiring power is an attractive option for a busi-
ness in a supply network, because it increases its ability to gain max-
imum advantage for itself. However, the situation is complex in that, 
although a business may have power as a supplier to one firm, it may 
not have power with another supplier and may also be subject to the 
power of a buyer. All firms attempt to frame their relationships with 
outside bodies to their own advantage. This advantage is designed to 
maximize their own revenue and keep competitors out. Having and 
wielding power does not necessarily have negative connotations for 
the others in the relationship that are less powerful. All companies 
will be in a variety of relationships, some where they do have power 
and many where they do not. The important decision for companies 
when getting involved in supply chains is about how they will control 
and manage the primary supply chain. They face decisions about 
where they should position themselves in the chain. At one end, they 
can decide to integrate the whole chain vertically, from raw material 
to end customer, or, at the other end, can decide to own only one or 
two of the resources that exist in the chain. The suppliers will have 
counter-strategies to gain power. The routes the suppliers will try to 
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take will be to increase value appropriation from their relationships 
with buyers.

Some companies will see it as their role to control, or try to control, 
the network. Generally, the roles that each entity in the network per-
ceives for itself as a member of the network will decide the power 
structure of the network. A firm may try to increase its power over 
activities and resources. The series of dyadic relationships between 
entities will eventually lead to a pattern of power in the network and, 
as many proponents of network theory have said, a supply network 
rarely has a single powerful entity; the network has firms exerting 
power at different positions depending upon the relative dyadic rela-
tionships around the position.

The issue of power is usually accepted as a circumstance of col-
laboration and many companies accept the rules and conditions  
applied by their often larger and more powerful collaborator. The 
situation becomes more serious if there is a problem to be negotiated 
where one of the partners stands to lose a considerable amount if it 
does not at least achieve some compensation. In a problem situation 
when a consignment of goods has been received but is now not 
wanted, the more powerful member may attempt to maximize its 
own position, perhaps at the expense of the other, less dominant partner. 
Hence power has value in that it enables a business to optimize its 
relationship strategically in favour of its preferred strategy, but can 
also be used inappropriately or in a manner that causes damage to a 
relationship. The application of power applied appropriately to define 
rules of partnership or inappropriately to gain advantage in a problem 
situation is not always the same as opportunistic behaviour.

Opportunistic behaviour

Opportunism extends the conventional assumption that economic 
agents are guided by considerations of self-interest to make allowances 
for strategic behaviour. This can lead to opportunistic behaviour, 
which includes actions such as lying, cheating and stealing, dishonour-
ing an implicit contract and failing to fulfil promises or obligations, 
the implication being that the party that is opportunistic is not trust-
worthy. Opportunistic behaviour involves one partner either having 
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access to information that the other partner does not have or taking 
advantage of the information asymmetry to gain business advantage. 
Within a scenario of asymmetric information and uncertainty about 
the future, there will be incentives for opportunistic behaviour by 
both parties. A variety of behaviours can occur between partners; 
some may involve opportunistic gaming to acquire more power for 
one organization or the use of power to get some desirable end result 
for one partner. Opportunism may involve misrepresentations, not 
responding to the transaction within the stipulated time or making 
unreasonable demands on account of power asymmetry.

As a buyer and supplier become increasingly suspicious of each 
other, there is a decreasing motivation to make the exchange successful 
through coordination efforts, common investments and information 
sharing. If any of the parties are suspicious of opportunistic behav-
iour, the information sharing stops and exchange deteriorates. If the 
agents in the transaction have established trust over a prolonged period 
of time, this tends to limit the opportunistic behaviour and encourage 
more open communication. Similarly, if they have bilateral and shared 
investments in the outcome of the collaboration and they have shared 
goals about outcomes, this limits the opportunistic behaviour.

Unethical behaviour

Unethical activities identified in buyer–supplier relationships are:

 ● over-committing resources or production schedules;

 ● increasing prices when there is a shortage of supply of the 
purchased material or product;

 ● allowing the supplier to become dependent on the purchasing 
organization for most of its business;

 ● cancelling purchase orders in progress and trying to avoid 
cancellation charges;

 ● overestimating demand to gain volume discounts;

 ● concocting a second source of supply to gain advantage over 
suppliers;

 ● allowing the personalities of the supplier to affect decisions.
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Considering the activities depicted as unethical, it will seem as if these 
activities are normal and that a company may have to follow any or 
all of them in order to make profit and stay afloat. But these are 
deemed unethical4 as they hurt the other party and create a regressive 
relationship. Purchasing managers can have a significant influence 
over a firm’s reputation. Because these individuals interact frequently 
with suppliers and other upstream channel members, their behaviour 
can and does affect how the firm is viewed by suppliers and other 
outside organizations. The human factor has thus a very important 
part to play in keeping the perceptions right and thus maintaining the 
relationship. The discussion in this section is regarding how organ-
izations engage in unethical behaviour within the relationship. This 
section does not deal with the unethical behaviour depicted by sup-
pliers (for example, employing child labour in manufacturing activity, 
dispensing toxic effluents within the local water streams, and so on), 
as this will be discussed under the aspects of sustainability. However, 
if a supplier is engaging in this activity as a breach of trust within the 
relationship, it will be unethical behaviour within the relationship or 
collaboration.

Trust

The need for trust between partners has been identified as an essen-
tial element of buyer–supplier relationships. Trust is an important 
lubricant of relationships and binds parties into a common objective. 
Trust guides behaviour in business settings, and when trust is opera-
tive the risk of opportunism and market instability is reduced. Long-
term relationships and trust encourage effective communication,  
information sharing and joint pay-offs. Trust therefore leads to an 
expectation that the collaborative party will not engage in opportun-
istic behaviours, but instead will create opportunities that are beneficial 
to both the organizations involved in the relationship. Trust takes 
time to build, and is the result of a succession of positive experiences. 
Trust has been discussed with the intention of making the reader 
aware that it plays a major factor in the relationship even after the 
transaction between the collaborating partners has ended. The result 
or pay-off of the transaction will decide whether trust is building up 
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or deteriorating. Hence, simplistically, whenever collaborating supply 
chain entities conduct any transaction, all that they need to ask is 
whether this transaction will help in increasing trust or reducing it.

Current relationship models within the food 
sector

The retail environment has been instrumental in influencing relation-
ship models within the food supply chain. These models are common 
across the retail sector; however, the complexity of the food supply 
chain and the product characteristics present additional challenges. 
Some of the most popular models are as follows.

Just-in-time ( JIT)

JIT is an inventory management methodology in which inventory is 
ordered and stored as required by the process. The methodology was 
adopted from the automotive sector and works on the philosophy of 
‘pull’. Inventory is ‘pulled in’ only when there is a demand for it. This 
can be as raw material in the manufacturing supply chain or finished 
goods in the retail chain. The objective is to have only demand-led 
inventory in the chain, thus reducing costs by reducing excess inven-
tory. The chain relies less on forecasts and tries to create a smooth 
flow by responding to demand quickly. Partnerships and close working 
with the suppliers are important for JIT systems to work efficiently. 
Clear communication of demand, objectives and timelines is essential 
for suppliers to deliver the products or raw material effectively. 
However, since the demand flows upstream to ensure a smooth flow 
downstream, it also leads to a flow of power upstream, as the suppliers 
have to buy into the requirement to deliver non-standard inventory 
numbers at short notice. As uncertainty creeps in, JIT can be modified 
to ‘just-in-case’, leading to excess inventory. However, in cases of  
uncertainty and risk it has been noticed within the food sector that 
JIT is not tenable and causes more challenges than advantages.5 
The ideal situation would be to have continuous replenishment of 
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inventory managed by the supplier. This has led to the development 
of a new methodology, ‘vendor-managed inventory’.

Vendor-managed inventory (VMI)

VMI is one of the most widely discussed partnering initiatives in  
recent times for improving supply chain efficiency. It is also known as 
continuous replenishment or supplier-managed inventory and was 
introduced by Walmart and Procter & Gamble. In a VMI partner-
ship, the supplier is in charge of the main inventory replenishment 
decisions for the downstream organization. The vendor monitors the 
buyer’s inventory levels (physically or via electronic messaging) and 
makes periodic decisions regarding order quantities, shipping and 
timing. Since this is a close working partnership, it is in the interests 
of the buyer to provide the necessary information to the supplier to 
enable quick and timely decision making. Successful implementation 
of VMI often depends on computer platforms, communications  
technology, product identification and tracking systems. Barcoding 
for product identification or RFID technology is also helpful at distri-
bution centres in order to have dynamic visibility of the inventory. 
With VMI, the frequency of replenishment is usually decided by the 
supplier to suit their production/transfer schedule and to maintain  
a much smoother demand signal at the factory. This reduces costs 
through efficient resource and reduces the need for large buffer 
stocks. The vendor can make replenishment decisions according  
to operating needs with a greater awareness of demand trends and 
volatility. The buyer benefits from low stocks, which helps the buyer’s 
performance. From a food retailer’s perspective, product availability 
is essential to provide excellent customer service levels. Ensuring 
product availability on the shelf to guarantee a sale in normal cir-
cumstances and, more importantly, in scenarios of product promotion 
is essential. Hence, a dependable supplier is a necessity. Short-shelf-
life food products such as ready-made meals, salads, yoghurts, desserts 
and so forth require regular replenishment (ideally on a daily basis), 
whereas long-life items such as canned foods could be replenished 
based on inventory models such as ROP (reorder point) or Kanban, 
among others. The retailers will need to share EPOS (electronic point 
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of sales) or shelf inventory data with the suppliers to ensure timely 
delivery of the required inventory.

Efficient consumer response (ECR)

In the early 1990s, the US grocery sector and subsequently the 
European sector laid the foundation for the launch of the ‘efficient 
consumer response’ process. JIT and VMI had focused the upstream 
supply chain to work on the basis of pull philosophy coupled with 
access to downstream inventory information and the ability to take 
replenishment decisions. To enable the food sector to work using a 
collaborative partnership approach, the ECR initiative provided the 
platform for cooperation and coordination facilitated by the ex-
change of information. The basis of ECR is to have a holistic view of 
the complete chain and for firms to work together to create value-
adding processes that work efficiently at appropriate levels of cost. 
Value addition is done by identifying consumer needs and choices. 
The process can work effectively and efficiently only if there is a 
seamless flow of information upstream through the chain. Although 
the process was used for commodity items, fresh fruit, vegetables and 
fresh meat, it was more popular for ‘own-label’ retailer products. 
This required retailers to have complete control over their supply 
chains and the ECR methodology provided this effectively.

Collaborative planning, forecasting and replenishment 
(CPFR) 

CPFR is a tool used to enhance the supply chain performance to 
lower inventories and logistic costs and to create efficiency in the 
whole supply chain for all participants. CPFR works through sharing 
key information about the supply chain between suppliers and retailers 
(sellers and buyers) who work together to satisfy the needs of the end 
customer. CPFR uses cooperation and information sharing continuously 
in all phases, from strategy and planning to the execution phase. The 
stages within CPFR are as follows:

1 In the collaboration arrangement phase, the buyer and seller 
set up the scope of the framework and define common goals 
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and responsibilities. After the arrangement process is finished, 
both parties should form a joint business plan, where 
significant events affecting supply and demand are identified.

2 In the forecasting phase, consumer demand is forecast through 
the sales forecasting task. This is used to build an order-
planning/forecasting schedule by mapping out the inventory 
lead-times, current inventory stocks and logistic restrictions.

3 In the execution phase, order generation is used to transform 
forecasts to firm up the demand profile.

4 In the order fulfilment phase, the goods are produced, shipped 
and stocked for further processing.

5 In the analysis phase, exception management and performance 
assessment are used to monitor constantly any sudden changes in 
quality. The phase provides key metrics to evaluate the success 
of the business goals and to monitor the trends in the industry 
that can help to change the strategy more quickly if necessary.

The benefits of the CPFR process include better store-shelf stock 
rates, lower inventory levels, higher sales and lower logistics costs. 
Store-shelf stock rates refer to the rate at which products are replen-
ished on the store shelf after purchase. Joint sales forecasting drives 
production scheduling, distribution planning and store activity plan-
ning. If there are any changes to the forecast demand beyond an 
agreed-upon threshold, an exceptions report helps in generating col-
laborative actions by both parties to rectify the variance.

Other trends within supply chain 
collaboration

There are some other trends emerging within supply chain collabora-
tion which are not covered by the collaborative platforms. These trends 
are discussed under the following activities:

 ● Managing demand. Some of the other trends for managing 
demand at the customer’s end are managing stocks and 
products using merchandizing and category management 
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principles and the effective and efficient utilization of retail  
and warehouse space. On the manufacturer’s side, trends in 
collaborative product design and new product introductions 
are creating collaborative provisions.

 ● The fulfilment process. Transportation carriers, freight 
forwarders and public warehouse operators are currently  
not involved in the collaborative mechanism. For dynamic 
management of supply chains and stocks, these entities are 
required to be part of the collaborative platform.

 ● Optimization. This involves utilizing collaborative relationships 
and data systems to optimize operations across the entire 
supply chains.

 ● Real-time collaboration. This requires managing uncertainties 
and risks both on the supply and on the demand side, using 
real-time collaboration platforms.

Case examPle  Starbucks and collaborative relationship with 
suppliers6

Starbucks prides itself on its commitment to buy and serve high-quality coffee  
that is sourced ethically and grown sustainably. Starbucks focuses on a holistic 
approach to map its coffee supply chain and work with suppliers and their network 
of farmers to implement responsible purchasing practices. It has developed an 
approach known as the Coffee and Farmer Equity Practice (C.A.F.E.) in collaboration 
with Conservation International. The C.A.F.E. process is a set of measurable 
standards focusing on:

 ● product quality;

 ● economic accountability;

 ● social responsibility;

 ● environmental leadership.

The standards are utilized to measure the performance of the individual farms. 
However, they also make sure that the suppliers are treating the farmers fairly and 
providing the correct price for the consignments.
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To maintain long-term sustainability of the coffee plantations and farms, 
Starbucks invests in the farmer network through farmer support centres, loan 
programmes and forest conservation efforts. The company helps farmers by 
training them in farm management techniques and also supports coffee plantations 
through coffee replanting and tracking climate-change impacts.

Summary

This chapter has presented the current thinking and activities around 
creating collaboration within food supply chains. Multidisciplinary 
theories were presented, which dealt with collaboration and relation-
ships. These are:

 ● TCE;

 ● relational contracting;

 ● collaboration;

 ● partnerships;

 ● power;

 ● opportunistic behaviour;

 ● unethical behaviour;

 ● trust.

The chapter also discussed four collaboration models currently used 
in the food sector. These are: JIT, VMI, ECR and CPFR. The chal-
lenge in the food supply chain is to utilize the appropriate collabora-
tive tool to balance supply-side inventory to consumer demand. This 
will ensure that the products flowing downstream to the consumers 
fulfil the consumer requirements in terms of product choice, quality 
and safety.
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08Food sourcing  
and procurement

Sourcing of raw material has been an important activity in all types 
of organization. Raw material takes various forms – material for 

further processing, material for secondary use (for example, stationery) 
and material for selling to the final consumer (retailers). Sourcing in 
this case is identifying the appropriate source of the material and 
evaluating it for conformance. However, after identifying the source, 
it is important to manage the process of ordering the material and 
receiving it. Broadly this is the ‘purchasing’ process. The process that 
manages the sourcing and purchasing process is broadly referred  
to as ‘procurement’. These terms are used synonymously in the literature 
and in industry. However, this is not so much of a problem as the 
nomenclature within industry is dependent upon the size of the  
company and the organizational structure. Within an SME (small or 
medium-sized enterprise), the three roles may be conducted by a  
single person, whereas in a large company there will be individuals  
in procurement, sourcing, purchasing and supply chain roles. Hence, 
it is important to understand these processes and how they influence 
the food supply chain. Trade liberalization has opened up national 
boundaries and increased international trade. The opening of mar-
kets has increased retail environments across the globe to cater to 
increased market demand in emerging markets. However, within the 
food sector a number of factors have increased the complexity of 
food sourcing. Some of these challenges are: sustainability practices 
and the influence on public policy, price volatility in food commodi-
ties, food availability, climatic impact, traceability and food safety. 
This chapter presents the concepts of sourcing and strategic sourcing, 
and also discusses sourcing challenges within the food sector and the 
guidelines for sustainable procurement.

115
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Sourcing

Sourcing is the activity of securing raw materials or services needed 
by an organization for further value addition or for direct selling  
to the customer. Organizations employ different kinds of sourcing 
strategies depending on the sector and business model. A source is  
a place to acquire the raw material or the inputs to produce goods 
or services. Companies purchase resources from different locations, 
based on the scope of their activities or services. Some companies 
may source only locally, whereas others may source internationally 
with an objective to achieve the lowest costs. There will be different 
strategies and reasons for sourcing across different categories of 
product. Some categories will be more important than others and 
hence will need a greater strategic focus when sourcing. Sourcing 
strategy is defined as the approach developed by the company to 
procure supplies, for which four elements are required in the process: 
‘the buying policy, the number of sources, the type of source and the 
nature of the company supplier relationship’.1 Global sourcing does 
have many benefits, lower costs being the primary one. Some other 
benefits include:

 ● access to new technology;

 ● access to market information;

 ● access to resources not available locally;

 ● development of alternative vendors.

However, there are certain risks associated with global sourcing. The 
risks will be shaped according to the country or region from where 
the products are being sourced. Some of the major drawbacks with 
global sourcing are: increased transportation costs due to fuel price 
volatility, increased possibilities of supply disruption due to natural 
disasters or political problems, hidden costs connected with cultural 
differences and time zones, financial risks due to changing economies, 
increased risk of intellectual property loss, and increased monitoring 
costs in comparison to domestic supply.2
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Sourcing models

Low-cost sourcing

In this model, the company sources materials from different countries 
and locations with lower labour and production costs, with the aim 
of lowering operational costs. The principle is to achieve sourcing 
efficiency by identifying and utilizing cost differences between locations. 
The other variables also included in the sourcing decision will be 
quality and lead time.

Outsourcing and insourcing

Outsourcing is the act of purchasing goods or services from an external 
source. The strategy is usually functional, based on a decision to shift 
from an internal source to an external one. A company will decide  
to focus on its core competencies and prefer to outsource activities  
or products that are non-core. There are various advantages in out-
sourcing, such as cost reduction resulting from economies of scale 
and access to specialized investments and expertise. On the negative 
side, control over the operations will be reduced, leading to reduced 
flexibility to react to unpredictable changes in requirements. The 
problems with outsourcing depend on the type of outsourced items 
or services and their importance within the supply chain. Some  
challenges will arise due to quality and lead time non-conformance. 
There is also a threat from new competitors to emulate the business 
models and products if the sourcing is not conducted properly. Within 
the food industry, supermarkets will outsource the manufacturing  
of their own-label food products. Beverage companies will prefer to 
outsource bottling across international market sectors instead of  
setting up their own plants.

Internal sourcing, or insourcing, mainly aims at internal production 
or purchasing from a subsidiary of the organization, or bringing out-
sourced activities back into the company. Some companies will both 
outsource and insource critical raw material/products if they cannot 
rely completely on the supplier.
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Single sourcing or multiple sourcing

There are different models of choosing the number of suppliers from 
which to source. This will depend upon the material or service being 
sourced, the availability of supply and the strategic importance to the 
sourcing company. If there is only one supplier in the world for the 
material and it is a monopolistic situation, the sourcing will be a solo 
sourcing approach. However, in a situation where there are a number 
of suppliers and the company decides to source from only one sup-
plier, with the intention of creating a close collaborative relationship, 
the approach is termed single sourcing. At other times the company 
will prefer to have flexibility for responding to strategic consequences 
of source failure or for having more negotiating power in the rela-
tionship, and will utilize the approach of multiple sourcing. Some 
companies will use the multiple sourcing approach but restrict it  
to only two suppliers, in order to have close relationships and also 
create a safety net against supply disruption. This approach is termed 
dual sourcing.

In some cases, to maintain traceability and food safety it can be 
preferable to have a single source of supply, whereas within commodity-
buying scenarios multiple sourcing can be advantageous. However, 
both have their disadvantages. Single sourcing creates the risk of dis-
ruption, whereas multiple sources may create quality and control issues.

Partnerships

Many professionals believe that managing sourcing relationships as 
partnerships, whether upstream or downstream, can lead to a consider-
able competitive advantage for the partners involved. In partnership 
sourcing, the supplier provides the customer with extensive access to 
its operations and management systems. The scenario is not limited 
to relationships that focus on single sourcing or cost reduction. For 
partnerships to work, collaboration between the supplier and customer 
is very important. This should be enabled by effective communication 
and mutual dependence on each other. Within close partnerships, as 
discussed in Chapter 7, customers will share data with the supplier to 
enable joint planning and demand management.
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Purchasing models

Managing suppliers is an essential strategic issue for companies.  
As increasing numbers of products are purchased from external  
companies, the need for efficient and suitable purchasing strategies  
is vital. It is also important to consider not just the profitability  
or transactional aspect of the buyer–supplier relationship, but also 
the supplier’s perspective and the interdependencies between the 
transacting entities. There are different approaches discussed in the 
purchasing literature with regard to the most effective methods for  
managing suppliers. One of the approaches is to create a purchasing 
portfolio for differentiated purchasing strategies across the supplier 
portfolio base. Other approaches focus on segmenting suppliers  
and/or supplier development. These approaches will also work in 
conjunction with the relationship strategy of the transacting entities, 
as discussed in Chapter 7.

Kraljic matrix

There are a number of portfolio approaches presented within the 
academic literature. However, one of the approaches that has been 
regularly followed both in industry and in academia is the Kraljic 
matrix, put forth by Peter Kraljic.3 An example of the Kraljic matrix 
can be seen in Figure 8.1. The matrix introduced a model to classify the 
company’s products in a two-dimensional matrix: profit impact and 
supply risk. The purpose of the Kraljic matrix is for companies to analyse 
their purchasing portfolio. With the pressure on purchasing profes-
sionals to consider sustainability parameters within their decision 
making, this model has come under some criticism for being overtly 
simple. However, it is still a very robust model for creating the initial 
purchasing strategy. The model is utilized in a four-stage approach: 
classification, market analysis, strategic positioning and action plans.

Classification

In the classification stage, the company has to classify all its purchased 
items. This is conducted by considering two different dimensions: 
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importance of purchasing and complexity of the supply market. 
The variable ‘importance of purchasing’ measures the importance of 
the purchased material to the company’s operations, for example the 
percentage of raw material in total costs or the value added by the 
product line. The other variable, ‘complexity of supply market’, con-
siders elements such as the availability of supply, the entry barriers to 
sourcing, the logistic cost and so on. The matrix classifies the type of 
purchased items into four types based on two variables: level of profits 
and the risk to supply. The four classifications are:

 ● Strategic items (high profit impact, high supply risk)
These items are of high importance to the company. The focus 
should be on ensuring that there is no disruption to supply. 
The company should aim to develop long-term supply 
relationships, analysing and managing risks regularly and 
planning for contingencies.

 ● Leverage items (high profit impact, low supply risk)
These items are important as they have an impact on profit. 
The company should have an approach of negotiating for  
low costs and using multiple sourcing with economies  
of scale.

 ● Bottleneck items (low profit impact, high supply risk)
These items have a low influence on profit but can cause 

Figure 8.1   Kraljic matrix to classify purchasing

Profit
impact

Supply risk

High

Low

Low High

Leverage
(tactical)

Strategic items
(strategic)

Bottleneck
(tactical)

Non-critical
(transactional)

SOuRCE: adapted from Kraljic, 1983
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problems through non-availability. It is necessary to make sure 
that these items are always available. Suitable approaches 
would be to have safety stock in the system, identify alternate 
suppliers and have more control over existing suppliers.

 ● Non-critical items (low profit impact, low supply risk).
These items are not critical to the operations; however,  
they still need to be managed before they turn out to be  
critical or a bottleneck. The approach should be to use 
standard products available in the market and optimize  
order quantities.

Market analysis

In this stage, the company analyses its bargaining power in relation 
to the supplier. This involves an analysis of the market positioning of 
the two transacting companies, the relative utility to each other and 
the alternative sources of supply in the market.

Strategic positioning

The identification of the power position will determine the purchasing 
and negotiating strategy of the company. The company will determine 
its position in the relationship.4 Power was discussed in Chapter 7.

Action plans

Depending upon the relative positioning of the company with its  
supplier and the status of interdependency, a purchasing strategy that 
includes volume, price, inventory policy and supplier selection should 
be considered. The plan can be based on three strategies:

 ● Exploit: the customer will use high buying power to secure 
good prices and long-term contracts to reduce the supply.  
This is a more aggressive stance.

 ● Balance: work towards close relationships on a level of 
interdependence mutually beneficial for both parties.

 ● Diversify: if the supplier is in a powerful position, reduce the 
supply risks by seeking alternative suppliers or alternative 
products.
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Supplier segmentation

A normal buyer will have a relationship with a number of suppliers 
at any given time. The more complex the product, the greater will be 
the number of suppliers involved in the relationship. As discussed in 
Chapter 7, the relationship between the buyer and supplier will work 
at different levels of engagement depending on how close the rela-
tionship is. Levels of dependence on each other and the importance 
of the supply to the buyer company will influence how the relation-
ship is nurtured.5 One of the approaches to managing multiple sup-
pliers across multiple product categories is to segment the supply 
base into categories, with a different strategy to manage each one. 
These categories can be organized depending on levels of risk, lead 
time and inventory policies, costs and so on. One of the segmentation 
approaches will be based on the levels of dependency and level of 
risk. This was discussed from the aspect of the product within the 
Kraljic matrix. In this section the discussion is around the relation-
ship with the supplier. Suppliers can be segmented in three ways:6

1 Strategic supplier
Within the portfolio of the supply base, a small number of 
suppliers will be in a very close working relationship with  
the buyer. These suppliers will be involved in new product 
development, will have shared assets and intellectual property 
and the supply will be very important for the buyer. The levels 
of risk will be high and the supplier will work with the buyer 
in a proactive approach to mitigate risks. The relationship will 
be based on transparency, joint communication and sharing  
of operational information. The relationship is based on 
interdependence and the supplier also has sufficient power  
in the relationship.

2 Tactical supplier
These suppliers are vital to the day-to-day operations of the 
supply chain. They work with the buyer to maintain costs,  
lead times and quality standards, and in general they work to 
achieve the contractual terms. The relationship will largely be 
based on dependence, with the buyer setting out the terms of 
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the relationship. These suppliers are, however, still important 
to the company from a risk perspective and it is in the interests 
of the buyer to maintain close working relationships from a 
governance perspective.

3 Transactional supplier
These form the bulk of the suppliers in the portfolio, providing 
products on a transactional basis. The models used will be 
spot-buying or short-term sourcing. The relationship is buyer 
dominated, with a large number of suppliers to choose from, 
and decisions are based on lowest cost and best quality. The 
ability of the supplier to deliver the specific transaction is 
important. Long-term joint working plans do not feature in 
this relationship.

Supplier development

For strategic suppliers and supply situations that involve high risk,  
it is in the interests of the buyer to develop the capability of the  
strategic suppliers. The focus is to improve performance, invest in 
capabilities and work jointly to achieve common objectives. This  
approach is necessary to protect the supply base and develop it for 
competitive advantage. The buyer and supplier work together to  
improve performance by sharing operational data and working  
together on solutions. The buyer can help the supplier in lean imple-
mentation, work together on joint six-sigma projects or work with 
each other as regulatory environments change. The development 
process is both cost and time intensive and hence the buyer must 
choose the appropriate suppliers to develop. The process could be  
a formal supplier development programme or informal meeting of 
personnel or joint conferences or workshops. A formal supplier  
evaluation will be performed by the purchasing company in order  
to assess its suppliers. This evaluation process can help to identify 
where supplier development activities should be focused and will 
provide guidelines to review the outcomes derived from supplier  
development strategies.
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Strategic sourcing

Strategic sourcing is an important activity in purchasing and supply 
management. It is a commercial process requiring extensive knowledge 
of the supply base and the strategic requirements of the company.  
It can be defined as ‘satisfying business needs from markets via the 
proactive and planned analysis of supply markets and the selection of 
suppliers with the objective of delivering solutions to meet predeter-
mined and agreed business needs’.7 Developing the strategic sourcing 
strategy is a fundamental part of the purchasing and supply manage-
ment process. Strategic sourcing provides: 1) improved ability of the 
organization to achieve strategic goals by aligning the purchasing 
function with strategic planning, and 2) improved return on invest-
ment (ROI) due to a better-focused purchasing approach.

Some of the approaches to enable strategic sourcing are:8

1 Total cost procurement models: These include all costs in the 
supply chain when comparing sources and source chains. 
Consider the total landed or life-cycle cost when purchasing, 
instead of just the transactional lower cost.

2 Supplier relationships: As seen in the previous section, 
segmenting suppliers as per relationship status will be essential 
to understand the strategic suppliers within the portfolio.  
One of the ways to create the segmentation is ‘ABC analysis’, 
also known as ‘Pareto analysis’. Using this analysis, it can be 
ascertained that 20% of the suppliers will be accountable for 
80% of the purchasing expenditure and will be classed as 
‘strategic’ or ‘A’. Roughly, 30% of the suppliers will account 
for 10% of the expenditure and will be classed as ‘B’ and the 
remaining 50% will account for the final 10% of the 
expenditure and will be classed as ‘C’.

3 Value-added services: A value-mapping of the supply chain will 
help in understanding those activities or suppliers that add the 
maximum value to the product. Similarly, the analysis will 
disclose the non-value-adding activities. The strategic sourcing 
process will focus on the value-adding activities and work to 
optimize these further.
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Sustainable procurement

The United Nations World Commission on Environment and 
Development defines sustainability as ‘ensuring that we meet our 
needs without compromising the ability of future generations to meet 
their own needs’. This also means that as companies strive to increase 
their profitability, they should consider the impact of their operations 
on the environment and social system. The supply chains connecting 
companies across the world have a greater responsibility to create an 
equitable environment for all. Within the food industry, sustainability 
has a very important place as the raw material is derived from the 
planet. This part of the chapter will highlight specific processes to 
achieve sustainability within the sourcing of food. Sustainability 
within food supply chains is discussed in Chapter 13.

Sustainable food

The UK government’s new food strategy, Food 2030,9 sets out a vision 
for what it wants to achieve by 2030. These aims are:

 ● Consumers are informed, and can choose, and afford,  
healthy, sustainable food. This demand is met by profitable, 
competitive, highly skilled and resilient farming, fishing and 
food businesses, supported by first-class research and 
development.

 ● Food is produced, processed and distributed to feed a growing 
global population in ways that:

 – use global natural resources sustainably;

 – enable the continuing provision of the benefits and  
services given to us by a healthy natural environment;

 – promote high standards of animal health and welfare;

 – protect food safety;

 – make a significant contribution to rural communities;  
and

 – allow us to show global leadership on food sustainability.
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 ● Our food security is ensured through strong UK agriculture 
and food sectors, and international trade links with EU and 
global partners which support developing economies.

 ● The UK has a low-carbon food system which is efficient in 
using resources – any waste is reused, recycled or used for 
energy generation.

The Scottish Government’s National policy on Food and Drink10 
defines sustainable food as ‘food that, through its production, process-
ing, distribution, sale and consumption, provides a wide range of  
associated benefits, such as good-quality food, food which promotes 
good health and education, protects the environment, avoids un-
necessary use of natural resources, and contributes towards economic 
development’.

One of the approaches taken by procurement professionals is to 
ascribe to certification programmes such as ‘Fairtrade’. Fairtrade 
works for fairer conditions that help disadvantaged producers to 
tackle poverty and invest in a better, more stable future.

Requirements for sustainable procurement

Most large multinational food companies now follow a supplier code 
of conduct on the principles of the UN Global Compact.11 The Code 
sets out a desire to do business with suppliers that follow responsible 
social and environmental practices. The UN Global Compact’s ten 
principles focus on areas of human rights, labour, the environment 
and anti-corruption. The principles are derived from the following Acts:

 ● The Universal Declaration of Human Rights;

 ● The International Labour Organization’s Declaration on 
Fundamental Principles and Rights at Work;

 ● The Rio Declaration on Environment and Development;

 ● The United Nations Convention Against Corruption.

A European project under the seventh framework identified the fol-
lowing key actions that public-sector organizations should implement 
for sustainable procurement:12
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1 Good governance: Sustainable development goals should be 
linked to corporate objectives and must be represented in the 
procurement strategy.

2 Identify sustainable food as a priority: When procuring food, 
sustainable food should be the priority. The purchasing 
procedure should account for this priority in choice.

3 Sustainable menus can deliver multiple dividends: Within 
public-sector organizations such as the National Health 
Service, which procures and uses food on a regular basis, the 
menus and recipes should be prioritized for health, carbon 
reduction, seasonality and for a capacity to promote 
biodiversity, animal welfare, sustainable fisheries, good 
employment practices and training opportunities.

4 Account for sustainability: Create a methodology for 
evaluating supplier contracts that applies a whole  
life-cycle costing approach. This should account for social, 
environmental and economic benefits which accrue through 
sustainable food procurement and should also include an 
assessment of regional impacts.

5 Help create the market for sustainable food: Procurement 
organizations should actively work with foodservice 
contractors and suppliers to source sustainable food.  
Measures should be in place to include participation  
from small businesses (SMEs). This will help to develop  
a sustainable and more competitive supply base.

6 Ensure contracts strengthen competition: Priority should be 
given to include SMEs alongside larger businesses whether  
for food purchased through its own contracts or through a 
foodservice contractor on behalf of the organization. This will 
allow a range of businesses to participate.

7 Stimulate demand for sustainable food: Local and regional 
governments should inculcate policies to stimulate demand for 
sustainable food. This includes the support and infrastructure 
for food production and carbon reduction, food safety and 
quality accreditations, etc.
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8 Work with suppliers: Work with suppliers, especially SMEs, to 
build ability and capability for supplying sustainable food.

9 Skill and training: Employees within the purchasing and 
catering functions should be skilled and trained to source and 
use sustainable food.

10 Origin of sourced food: All food procurement contracts should 
record the place of origin of food. This should be monitored by 
the public buying agency.

11 Monitor food waste: Create transparency and mechanisms to 
monitor food waste and report progress on minimizing food 
waste and on recycling.

The sustainable procurement process

‘Sustainable procurement is a process whereby organizations meet 
their needs for goods, services, works and utilities in a way that 
achieves value for money on a whole life basis in terms of generating 
benefits not only to the organization, but also to society and the 
economy, whilst minimizing damage to the environment.’13 This 
means that the procurement process in organizations focuses on  
sustainability variables equally when evaluating potential suppliers. 
The purchasing process will consider environmental and social factors 
as much as economic ones. Procurement professionals will consider 
variables such as carbon emissions, energy consumption, water con-
sumption, child labour, living wage, effluent treatment, packaging 
waste and so on when considering supply contracts. The Forum for 
the Future14 has suggested steps for public-sector organizations to 
integrate sustainability into the procurement process. These steps 
cover the following activities:

 ● Prioritizing contracts: This should be done on the basis of 
sustainability parameters.

 ● Demand analysis: Ensure the correct levels of ordering 
required. This will reduce wastage in the system.

 ● Identifying sustainability impact: Implement processes  
to improve the sustainability impact of the contract.



Food sourcing and procurement 129

 ● A whole life-cycle costing approach to selecting suppliers: This 
will ensure that the costing process compares operating and 
disposal costs of sustainable alternatives.

In 2010, the British Standards Institute (BSI) published the world’s 
first standard on sustainable procurement. This is the British Standard 
BS8903: Principles and framework for procuring sustainably. This 
builds upon the flexible framework2 and gives practical guidance in 
areas such as policy and strategy, risk management, leadership and 
measurement as well as the procurement process itself. The standard 
is generic and is applicable to any organization or industry.

Case examPle Mondeléz International15,16

Mondeléz International created the ‘cocoa life’, a cocoa sustainability programme. 
The programme proposes to invest $400 million over the next 10 years to fund 
sustainable cocoa production in the Asia Pacific region and around the world. The 
programme aims to reach more than 200,000 farmers across six countries and to 
source cocoa sustainably, with third-party verification, in turn benefiting more 
than a million people.

The approach of the programme is to work with partners in four key ways:

 ● Farming: helping farmers improve their yields and livelihoods to earn larger 
incomes.

 ● Community : empowering cocoa-farming families to create sustainable 
communities.

 ● Youth: working towards eliminating child labour by helping communities 
tackle its root causes, and making cocoa farming a more attractive 
profession.

 ● Environment : protecting landscapes to maintain ecosystems and provide 
viable environments and farming land for future generations.

The programme currently works with third-party experts such as the United 
Nations Development Programme, the World Wildlife Fund and Anti-Slavery 
International. The programme aims to collaborate with governments, civil society 
and suppliers, with a mission to transform the cocoa supply chain.
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Case examPle  PepsiCo – responsible and sustainable 
sourcing17

PepsiCo’s responsible sourcing strategy works in four main areas: supplier social 
capability management, environmental supplier outreach, sustainable packaging 
and sustainable agriculture.

Within the supply chain PepsiCo works globally with thousands of independent 
farmers, market intermediaries and some company-owned farms. The sourcing 
team works closely with the suppliers on a number of fronts:

 ● Supplier standards: The PepsiCo Global Procurement Supplier Social 
Capability Management Program helps suppliers to adhere to the PepsiCo’s 
Supplier Code of Conduct, which comprises four elements: accountability, 
engagement, risk assessment and mitigation.

The supplier code of conduct states the expectations from suppliers in the 
areas of labour practices, health and safety, environmental management and 
business integrity.

 ● Supplier diversity: PepsiCo views supplier diversity as an essential approach 
within supplier development and sourcing. Supplier diversity is considered an 
advantage as it helps to create a supplier base that mirrors the company’s 
customer base and helps to develop innovations and develop minority 
communities economically.

 ● Environmental supplier outreach: PepsiCo works with suppliers to educate 
them to improve social responsibility performance across the supply chain. 
The company works with strategic suppliers on specific initiatives, including 
resource conservation programmes, setting quantifiable goals for energy, 
greenhouse gas, water, agriculture and forestry resource conservation within 
the extended supply chain.

 ● Rural development: The company works with farmers in rural areas who have 
small land holdings or low incomes. In India, PepsiCo India contracts directly 
with 24,000 potato farmers. In Colombia, it uses a direct purchasing model 
with small farmers, eliminating intermediaries.
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Summary

This chapter has focused on the aspects of sourcing and procure-
ment. The chapter discussed sourcing and purchasing. It discussed 
sourcing models and provided an insight into where these models can 
be applied. Purchasing was discussed within the aspects of portfolio 
analysis, supplier segmentation and supplier development approaches. 
An important development in the supply chain sector is the consid-
eration of sustainable approaches and their impact on the procure-
ment process. Governments in the EU are working towards creating 
an approach for sustainable procurement and would like supply 
chains to follow this. However, since this is a new paradigm, there are 
barriers to implementation on account of leadership, support and 
training. To help organizations, they are leading by example and have 
created sustainable procurement policies for public-sector organiza-
tions, especially in the UK. This chapter has touched upon sustain-
ability, which will be discussed in detail in the context of food systems 
in Chapters 13 and 15.
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The food sector has witnessed a number of high-profile food safety 
and contamination events in the recent past. These have not been 

focused in one country or one region, but spread across the world. 
Some of these have been due to negligence, but some have been inten-
tional fraud. The global nature of food supply chains presents major 
challenges, as any contamination means that a number of supply  
networks across the globe may be affected, causing further problems. 
As global supply chains strive to deliver these products to the super-
market shelves, organizations start losing control over them. The 
exact supply chain path for a particular food product depends on the 
product characteristics, size and market power of the supply chain 
members.1 The food supply cycle spans different organization types, 
continents, cultural systems, regulations and so forth. As entities 
within the supply chain increase, complexity increases due to issues 
related to trust, traceability and transparency. International food supply 
chains have challenges of complexity and visibility. In cases of food 
safety, it is not only important to understand the speed at which the 
contamination spreads globally, but also the responsibility and account-
ability for limiting the contamination.2 As in any industry sector, the 
food sector and its extended supply chain is subject to many other 
sources of risk. It is important to understand the sources of these 
risks and the different ways to manage them. This chapter presents  
a discussion regarding risks encountered within food supply chains.  
It discusses risk sources, impacts and mitigation strategies.

133
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Risk management and uncertainty

In his influential work Risk, Uncertainty, and Profit, Frank Knight3 
established the distinction between risk and uncertainty. According 
to Knight, a phenomenon which is unmeasurable is ‘Uncertainty’, 
whereas one that is measurable is ‘Risk’:

 ● Uncertainty cannot be assigned such a (well-grounded) 
probability (for example, when the SARS epidemic or  
the Avian flu happened the first time) when the event  
has never happened before and hence is an unknown  
event.

 ● Risk is defined as uncertainty based on a well-grounded 
(quantitative) probability (for example, hurricanes, machine 
breakdown, logistic delays, etc.). Events which may or may  
not happen; however, there will still be a probability that they  
can happen. So these events can be considered as a risk that 
may be encountered sometime in the future.

Risk = (the probability that some event will occur) ×  
(the consequences if it does occur).

According to the Royal Society,4 ‘risk is the chance, in quantitative 
terms, of a defined hazard occurring’. It is essential to understand 
that managing uncertainties is clearly a different process from man-
aging a risk; however, it is also true that once an uncertainty has 
manifested the first time, it can be assigned a quantitative probability, 
making it a risk for future planning. The assignment of the probability 
is a perception of the humans in the supply chain, and hence it also 
depends upon the risk behaviour of the human element in the chain. 
The assignment of probability will be affected by the ‘risk-taking’ or 
‘risk-averse’ behaviour of the humans in the supply chain. A manager’s 
perspective of risk is associated with the notion of economic loss.5 
However, some managers may consider risk as an opportunity to create 
solutions or even create growth. In the literature, risk is generally  
associated with a negative outcome.
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Risks in the supply chain

In today’s business context, a global supply chain works hard to pro-
vide the customer with the product at the lowest costs and highest 
quality. These global supply chains are exposed to challenges and 
uncertainties that can create chaos and disruption. Local political 
upheavals, rapidly changing weather conditions, terrorism, counter-
feiting, pandemics (for example, Ebola) and a host of other such issues 
create external risks in the supply chain. The supply chain is equally 
subjected to risks internally. These include a supplier failing to supply 
the goods on time and in the correct quality specification, strikes, 
production problems, logistics issues and so on, and lead to internal 
operational risks, which need a different level of mitigation.

Sources of supply chain risk

A number of researchers have tried to categorize supply chain risks. 
These categories provide an indication of various sources of risk. 
One methodology considers the source of risk as the position in the 
chain:6

 ● internal to the firm: process, control;

 ● external to the firm but internal to the supply network: 
demand, supply;

 ● external to the network: environmental.

Another methodology7 considers the sources and drivers of supply 
chain risk as operating at several different levels. These are intricately 
linked as elements of a system, and are described within four discrete 
levels of analysis:

1 Level 1 – value stream/product or process;

2 Level 2 – assets and infrastructure dependencies;

3 Level 3 – organizations and inter-organizational networks;

4 Level 4 – the environment.
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The source of supply chain risks can also be identified by focusing on 
the operational process within the supply chain:8

1 physical movement of goods;

2 flow of information;

3 flow of money;

4 security of the firm’s internal information systems;

5 relationship between supply chain partners;

6 corporate social responsibility and the effect on a firm’s 
reputation.

Not all risks (hazards or threats) can be avoided, controlled or elimi-
nated. So supply chains need to be prepared to manage risks and get 
back to a state of normality once the risk has ended. The Oxford 
dictionary describes this feature of having ‘the capacity to recover 
quickly from difficulties’ as ‘resilience’. Supply chain resilience is an 
important term within the risk management literature.

Risks in the food supply chain

Food supply chain risks can be classified on the basis of those risks 
occurring due to variance in matching supply and demand and those 
arising from supply disruptions. The risks arise from a wide range of 
causes, which may be intentional or unintentional. Robust and flexible 
systems need to be built to handle contamination incidents effectively 
and increase the risk management capability of the firm in the wake 
of an event.9 This also means that the manager’s focus on internal 
safety measures needs to expand to include safety awareness and 
building a proactive safety culture, increasing supply chain resilience.10 
The peculiarities of the food supply chain stem predominantly from 
the perishable nature of the products and the high levels of risk as-
sociated with food. Despite extensive food safety legislation, in recent 
times there have been frequent instances of food safety and security 
scares, recalls and disruptions. Food supply chains are fragile owing to 
the geographic, economic and legislative spread of participating entities, 
and this leads to a rapid propagation of the risk through the chain.
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Impact of supply chain risks

The varied approaches to risk management can be broadly classified 
as proactive, referring to taking precautionary measures to tackle 
risks, and reactive, referring to reacting once the risk materializes. 
Although it advisable to invest in proactive risk management systems, 
being prepared for a reactive scenario is equally important. The increase 
in food safety incidents and environmental uncertainty shows the 
challenges in creating reliable proactive methods and that business 
reliance measures are currently not adequate in the food industry.11 
It is also important to plan effective reactive strategies.

According to a survey conducted within the UK food supply chain 
by the author in 2009,12 the following three factors were considered 
to be the greatest risks:

1 loss of reputation (due to food contamination);

2 loss of power (electrical, oil etc);

3 loss of IT.

Table 9.1 presents a selection of major risks that have been identified 
through literature. The risks are not mutually exclusive and often one 
risk leads to another, for example a natural disaster will affect power 
lines and subsequently affect the premises. Another example is the 
loss of IT functions, leading to faulty products and ultimately causing 

table 9.1  Types of food supply chain risks

Product contamination Loss of power Loss of IT

Product recall other than 
contamination (packaging problems)

Loss/disruption  
in logistics

Unexpected economic 
challenges

New food safety regulations Loss of water Increased labour costs

Unavailability of raw material Loss of premises Strikes

Pandemics Loss of supplier Natural disasters

Rise in fuel price Loss of asset Terrorism
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a product recall. Hence it makes more sense to analyse the risks with 
respect to their final impact, if the risk is not managed correctly. 
Figure 9.1 demonstrates how the impact could lead to either recall of 
product or loss of revenue, or a mix of both, finally resulting in a 
greater impact of ‘loss of reputation’ and in some extreme cases ‘loss 
of business’ (as in the case of the Peanut Corporation of America).

The three major trends affecting the food industry are:13

 ● Globalization refers to the global nature of food supply chains 
and encompasses global sourcing of raw material, food 
processing, packaging and transportation.

 ● Consolidation refers to the trend among food supply chain 
members to combine as many food categories as possible, as 
well as levels of the supply chain, in pursuit of higher margins. 
This has led to an increase in both vertical and horizontal 
integration within food chains.

Figure 9.1  Impact of supply chain risks
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 ● Commoditization refers to food products being traded  
and sourced as commodities. Commodities are traded  
as undifferentiated goods competing mostly on price,  
for example grains, for which traceability back to the  
farmer becomes particularly difficult.

Figure 9.2 demonstrates the reasons for contamination as revealed by 
recent cases. The need for companies to stay competitive on the basis 
of costs increases their propensity to create global supply chains and 
consolidate suppliers to get economies of scale. With the push to-
wards consolidation, a major factor in the relationship is to empower 
suppliers to deliver at the required quality on the basis of trust. 
However, in the recent past, various cases have brought forth com-
plexity in the supply chain and the difficulty in understanding the 
reasons behind the tainting. As the figure demonstrates, the two ends 
of the spectrum are intentional causes and unintentional causes. 
Under intentional causes, terrorism is at the farthest end of this spec-
trum. As seen in several recent cases, including the British horsemeat 
scandal and the Chinese milk scare, the intention of the contamina-
tion was to commit fraud for monetary gain. This occurred in the 
supplier network, with the customer being oblivious to the fraudu-
lent processes behind the scenes. This case also demonstrated that the 
customer was blind to the process beyond the first tier. At the other 
end of the spectrum are unintentional causes, the first being negli-
gence, which is a cause in most food supply chain recalls and issues. 
This is evident from the Cadbury case study, PCA (although later the 

Figure 9.2  Reasons for contamination

Food supply chain governance

Food safety

Incidents Negligence

Unintentional

Fraud Terrorism

Intentional

Food crime



Operational challenges140

verdict turned to fraud as the investigation found out that the directors 
of the company were aware of the problem but did not take the  
necessary steps to curb it) and Sudan 1 case examples. The other end 
of the unintentional cause spectrum is an occurrence of incidents that 
the company has no control over and has to deal with using reactionary 
measures.

Managing supply chain risks

Efficient risk management provides value to various stakeholders  
of a firm. Compliance with appropriate procedures and corporate 
governance policies can help to reduce or avoid crisis situations and 
manage risks. The risk management process strives to maintain op-
erational performance by identifying operational risks and develop-
ing mitigation procedures. The generic risk management process 
comprises the following steps:

1 Identify different types of risk.

2 Estimate the likelihood of each type of major disruption 
occurring.

3 Assess potential loss due to a major disruption.

4 Identify strategies to reduce risk.

Risks can be managed in a number of ways:14

 ● carrying buffer stock and improving inventory management;

 ● using alternative sources of supply;

 ● use of contracts to manage price fluctuations; and

 ● quality initiatives.

Risks associated with poor selection of suppliers are supply disruption, 
poor quality and recalls. These risks can be reduced by developing 
quality certification programmes and auditing the suppliers to ensure 
they meet required standards. Risk management processes have also 
focused on minimizing inventory and considering the optimal number 
of suppliers to minimize disruption. Researchers have put forth enablers 
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for better supply chain risk management and to create visibility, 
transparency and effective control. These are lean, six sigma, agile 
philosophies, event management software and radio-frequency iden-
tification (RFID). The stages of the risk management process can vary 
from risk identification/analysis (or estimation) via risk assessment 
(or evaluation) to different ways of risk management.

Proactive supply chain risk management

Supply chain risk management strategies can be reactive or proactive. 
Being reactive is a default position when a risk materializes suddenly 
and the supply chain goes into a crisis management mode. This works 
as a strategy when a supply chain operates without worrying about 
risks on a day-to-day basis but reacts to alleviate the situation. In a 
proactive strategy, potential risks are identified at the supply chain 
design stage and their probability and impact are assessed. This will 
lead to risk management plans and a need to develop and implement 
contingency plans to minimize the impact if and when the risk occurs. 
This process sounds like the most logical thing for supply chain man-
agers to do, but it needs resources upfront in terms of investment and 
people.

The process of managing risks proactively has not been thoroughly 
examined in the literature. The proactive risk management process 
for controlling the uncertainty in product development15 uses the fol-
lowing variables to identify a proactive risk management strategy:

 ● the probability of risk occurring;

 ● risk event drivers;

 ● risk events;

 ● the probability of the impact.

Organizational training and a risk management culture are impor-
tant for providing resources and motivation to employees to develop 
risk contingency plans. The process will have challenges if:16

 ● employees feel that no steps are taken towards managing  
risks identified and reported, but more done after the  
impact;
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 ● employees feel that top management would look upon them 
negatively if they are involved in proactively identifying risks;

 ● exposing risks to shareholders may have an adverse effect on 
the value of the firm.

Reactive risk management

Risk management can take different forms and most companies in 
some form or another rely on risk management practices to control 
the effects of risk. If a risk never materializes, it becomes very difficult 
to justify the time spent on risk assessment, contingency plans and 
risk management.17 This also leads to evaluating the total cost of an 
undesirable event occurring against the benefits realized from having 
strategies in place that significantly reduce the chance and/or effects 
of detrimental events with supply. Also, it is not always possible to 
obtain reliable estimates of the probability of the occurrence of any 
particular disruption and accurate measures of the potential impact 
of each disaster. Crisis is defined as ‘a low probability, high impact 
event that threatens the viability of the organization and is characterized 
by ambiguity of cause, effect and means of resolution, as well as by a 
belief that decisions must be made quickly’.18 Reactive risk manage-
ment is very important when there is a crisis. There are a number of 
risk management strategies which take into account various entities 
within the supply chain.

Managing risks in food supply chains

As discussed throughout this chapter, risks can be managed through 
various mechanisms. The risk management process is broken down 
into two main processes: hard processes, focused around technology, 
traceability and testing, and so on; and soft processes: trust, relation-
ships, contracts and so on. Over the years, the focus has been on 
creating more trust and collaboration across supply networks to  
minimize testing and keep costs down. The advent of lean systems 
and Japanese-style supply chains meant that the focus was more on 
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soft processes than hard ones (barring those products that need to 
have traceability). However, recent cases have brought forth the need 
to have technology and testing to minimize occurrence of contamina-
tion across the supply chain. Both processes are equally important 
and a link should be created between the hard and soft processes in 
order to have a more cohesive and holistic process to manage upstream 
visibility. Proactive risk management involves predicting risks, and 
hence the use of technology and data analytics is key to identifying 
and assessing them. Food supply chains will, on a regular basis, work 
very successfully in proactively reducing instances of risk before they 
materialize. However, there are instances where the risk manifests 
(food safety) and it is essential to react quickly to curb the spread of 
contamination. The reaction to these risks will depend upon whether 
the risk affects food safety. If food safety is a concern, the reaction 
has to be fast and in most cases management will be led by the  
national regulatory agencies. If the risks in the food supply chain do 
not affect food safety but affect supply, reactive risk management will 
require good communication, multi-partner collaboration and standard 
risk management procedures.19

Risk mitigation strategies

These strategies utilize a range of activities, from avoiding the risk to 
taking complete control of the risk and managing it. Some of these 
activities are:20

1 Risk avoidance: In this process the risk is identified, assessed 
and the decision made to avoid the risk. This decision will be 
made in context of the trade-offs involved in conducting the 
business. Avoiding the risk is likely to include many different 
activities, for instance not entering a market owing to demand 
uncertainty or not procuring from a certain part of the world.

2 Postponement: This is a delay in the final formulation of the 
product or service until the customer has requested it. 
Although postponement is an opportunity to create mass 
customized products, it is also an important activity in 
managing demand uncertainty. Postponement can take various 
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forms – postponing manufacturing, assembly, packaging, 
labelling and logistics. This requires a certain level of product 
modularity and flexibility (for example, Subway has a fixed 
number of choices of ingredient – bread (6 types), meat  
and cheese (6–8 types), salad (8–10 types), sauce (5 types).  
The operation does not create the sandwich in advance but 
maintains the stock of ingredients and when a customer orders 
a sandwich using the ingredients available, the operation will 
make a fresh sandwich. The process is postponing the 
sandwich until there is a demand.

3 Speculation: Although this process can in itself create more 
risk, the basic premise is to manage demand uncertainty by 
anticipating demand, either by robust forecasting or by using 
predictive analytics.

4 Hedging: This is the process of ensuring that no major risks 
can affect the supply chain financially. Simply, this can take  
the form of buying an insurance product (see Zurich Insurance 
– supply chain risk insurance) to hedge against the risk or 
hedge against uncertain supply by having a portfolio of 
suppliers. This risk management process creates alternatives  
in case a risk manifests. For example, to avoid natural 
disasters, the portfolio of suppliers and customers may be 
globally dispersed, dual or multiple sourcing may help to 
hedge against quality problems, supply disruption, price 
fluctuations and so on.

5 Control: In this process, the focal company utilizes a host  
of controlling mechanisms (vertical integration, flexible 
contracting, cost control) to manage risks associated with 
opportunism and buyer–supplier power balance.

6 Transferring or sharing: Transferring or sharing of risks can  
be achieved through outsourcing, offshoring, vendor-managed 
inventories, offering discounts for advance purchases or 
competitive pricing for just-in-time inventory management. 
These activities are conducted so that the focal company does 
not experience financial risks by carrying excess inventory or 
excessive costs due to inefficiencies and capacity constraints.
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7 Security initiatives: These are specific initiatives to control and 
manage risks. The use of technology, sensors, scanning and 
biochemical processes can help in identifying at-risk shipments 
or products. Initiatives such as CTPAT (Customs Trade 
Partnership Against Terrorism) in the United States are 
introduced to manage risks within logistics environments 
without affecting efficiency.

Case examPle China milk scare21–26

In November 2008, the milk scare arose after milk and milk powder manufactured 
by Sanlu in China was found to be contaminated with melamine. Kidney dysfunction 
caused by the melamine led to 240,000 infants being affected, with 50,000 
hospitalized and 6 deaths confirmed. Although this was a case of deliberate 
contamination, the global dimension of the problem was only apparent when the 
contamination was confirmed in New Zealand. Despite warning signs and tests 
confirming contamination, the issue became public and production at Sanlu 
stopped only when Fonterra, a group based in New Zealand which owns a 43 per 
cent stake in Sanlu, confirmed the contamination and informed the New Zealand 
government, which in turn notified the Chinese government and the World Health 
Organization. This led to a trade recall of products containing Chinese milk 
derivatives and at least 11 countries stopping all imports of Chinese dairy products. 
The contamination spread across a wide range of products using the tainted milk 
powder and across 11 countries. The contamination had been intentionally 
conducted by two people in the upstream supply chain from the supplier to Sanlu. 
Sanlu had to file for bankruptcy. The two people who committed the intentional 
contamination were sentenced to death in China and sentences were handed out 
to 19 others, including Sanlu executives and milk producers and traders.

 News articles suggest that this was not an isolated case and that melamine 
had been used previously by poor farmers, milk collectors and milk dealers as 
‘protein powder’ to enrich test results for milk produced by weak or malnourished 
cows. Also, the literature suggests that melamine can enter the food chain through 
the use of pesticides such as Cyromazine. Testing at lower levels of the supply 
chains, for example farmers and marketers, is difficult as it can be expensive and 
time consuming.
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Case examPle  Sudan 127–29

In 2005, a case of food contamination which affected the UK was the detection of 
Sudan 1 dye in Worcestershire sauce produced by Premier Foods, a UK-based 
food manufacturer. Sudan 1 dye was identified as a contaminant in chilli powder 
and is associated with increased risk of cancer. Sudan 1 was first identified in a 
consignment of Worcestershire sauce exported to Italy. This led to a recall of over 
580 products, mostly ready meals, snacks, sauces and drinks. Although inspection 
requirements had been in place to test for Sudan 1 in all chilli powder being 
imported into the UK since 2003, the contaminated consignment identified in 2005 
was reported to have originated before 2003. The risk for humans was low level; 
however, the case depicted a greater operational risk. A review of the incident 
was commissioned, to be carried out by an independent panel. The report 
identified major failures in communications and coordination between agency, 
industry and the local enforcement authorities.

Case examPle  Salmonella Typhimurium in peanut butter30,31

One of the biggest cases of food product recall in US history is the most recent 
case (2008) of outbreak of illness caused by Salmonella Typhimurium. The Food 
and Drug Administration (FDA) and Centre for Disease Control and Prevention 
(CDC) identified the source as peanut butter and peanut butter paste in the 
processing plant of Peanut Corporation of America (PCA) at Blakely, Georgia. This 
contamination was directly linked to at least 486 cases of Salmonella-related 
illness and eight deaths. The contaminations lead to PCA filing for Chapter 7 
bankruptcy on 13 February 2009. As the case investigation by the FDA unfolded, 
the lack of preparedness was highlighted by the fact that what began as voluntary 
recall of specific lots gradually expanded into a recall of all products, including 
dry- and oil-roasted peanuts, and stopping production. The contamination spread 
through various products and product categories across a number of supply 
networks that used PCA’s products as an ingredient in their manufacturing 
process. The recall date was also changed through the course of the investigation 
and finally was dated to any peanut-related product from PCA dating back to 1 
January 2007. The contamination was identified at another PCA manufacturing 
facility at Plainview, Texas, on 21 January 2009. The company executives knew as 
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far back as 2006 that the peanut butter was contaminated, but they delivered it to 
the supply chain. The manufacturing plant was found to be poorly maintained and 
the premises unclean. There was a criminal investigation against the executives 
and they were convicted in September 2014 of conspiracy, fraud and other federal 
charges.

Case examPle UK horsemeat scandal32–34

In 2013, the British horsemeat scandal brought to light the complexity of food 
supply chains and the propensity to commit fraud. Products containing horsemeat 
were supplied by Comigel to Tesco, Findus and Aldi – Figure 9.3 shows a visual 
representation of the complexities of the meat’s movement.

Comigel is a company based in northeast France. However, on investigating the 
issue, the buyers of these products found that the supply chain of these products 
was extremely complex and criss-crossed through Europe. Comigel subcontracted 
to Taviola in Luxembourg, which placed an order with Spanghero in the south of 
France. Spanghero in turn subcontracted the order to a trader in Cyprus, who 
placed an order with a Dutch supplier. The Dutch company in turn subcontracted 

Figure 9.3  Map of horsemeat scandal
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the order to abattoirs in Romania, which sent the supply of meat directly to 
Spanghero. It was also discovered that the Romanian company claimed to have 
labelled the meat properly (as they knew that the meat supplied by them had 
horsemeat added to it) and they alleged that the mislabelling had occurred 
somewhere else in the chain. The fallout from the issue has affected meat supply 
chains, meat-based product manufacturers and retail stores. Supermarkets had 
to recall products, create a new regime of testing and change their purchasing 
policies rapidly. Although the issue was not about contamination involving harm to 
humans consuming these products, it was a clear case of mislabelling and fraud 
that affected the relevant supply chains.

Case examPle  Cadbury salmonella contamination, 200635–38

In June 2006, Cadbury withdrew a million chocolate bars which were contaminated 
by a rare strain of salmonella (Montevideo). The withdrawal happened when 
Cadbury was approached by the Food Standards Agency and Health Protection 
Agency when they were investigating a Montevideo infection in over 50 children 
over a period of 4 months leading up to June. The health officials traced a sample 
of the bacteria to a sample sent a few weeks earlier by the Cadbury factory in 
Marlbrook, Hertfordshire. When the officials approached the company, they were 
told that Cadbury had detected salmonella in its chocolate crumb (being 
manufactured in Marlbrook but then sent to Birmingham for making chocolate 
bars and Easter eggs) in January but they had not taken any action on it as they 
felt that the levels of bacteria were too low to cause a risk. The source of the 
contamination was a pipe from a cleaning machine which had dripped water on a 
conveyor belt in the manufacturing process. The company had also detected that 
the salmonella was the rare strain as early as February. A total of 42 people fell ill 
and 3 had to be hospitalized.

Birmingham City Council prosecuted the company for health and safety 
violation at its Bourneville plant and the Hertfordshire Council prosecuted the 
company over the state of its Marlbrook factory.

In the verdict, negligence by Cadbury was proved and Cadbury pleaded guilty. 
Cadbury was fined a total of £1 million on all counts and had to pay £152,000 
towards costs. The company also spent around £30 million changing procedures 
to prevent future lapses.
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Summary

This chapter presented a discussion on supply chain risks in general 
and then discussed food supply chain risks in detail. The chapter lists 
the sources of risk, the impact caused by the risk and the suggested 
risk mitigation plans. A number of high-profile cases have been discussed 
which demonstrate how the risk was propagated and the resulting 
impact on account of the risk. The chapter discusses both proactive 
risk management and reactive and crisis management. It considers 
the aspect of intentional and unintentional contamination in food. 
The challenges with regard to intentional contamination or food 
fraud are also covered in Chapter 11.
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10Technology  
trends in food 
supply chains

As the demand for food in the world increases, the process of 
supplying it is ever more stretched. To add to the challenges of 

sufficiency, food safety and quality are of the utmost importance as 
these attributes affect the health and well-being of the final consumer. 
Hence, the challenges are paramount within the food supply chain. 
How do we ensure that there is sufficient quantity of food produced? 
How do we ensure that the quantity produced reaches the consumer 
in the right amount, in time and safely? With the proliferation of 
global food supply chains and the availability of food sources around 
the world, governments as well as food companies can plan their 
food supply strategies. However, one of the biggest challenges is post-
harvest food losses. In the developing world, around 40 per cent of 
the food produced is lost post-harvest.1 It is also important that food 
is not wasted because of improper processes or the inability to under-
stand the needs of the market as the food travels in various forms of 
production through the supply chain. One of the solutions to ensure 
that food reaches our plates in the right quantity, right quality and 
when we need it is the relevant use of technology. It is therefore  
necessary to understand the current uses of technology in the various 
stages of the food supply chain with only one aim: to provide suffi-
cient and safe food to meet the demands of the consumer. There are 
two sides of this aim: one from the aspect of food security and the 
need to match the demands of the growing world population, the 
other from the perspective of the food companies which are in business 
to sell food to the consumer and make sufficient money to keep their 
companies and the livelihoods of their employees intact.

152
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The basic tenets of this chapter are to understand the use of tech-
nology within the various stages of the food supply chain. Traceability 
of food along the supply chain is a major concern and the chapter 
provides a robust discussion of this topic. The chapter also considers 
technology within the supply chain by focusing on four stages: food 
production, food processing, food packaging and food logistics. The 
recent proliferation of e-shopping models that have transformed food 
shopping are technology intensive but are discussed in Chapter 4.

Traceability and use of technology

Traceability of food has been increasingly mentioned in the news  
in recent years owing to multiple scandals involving international 
food supply chains. These events have affected both developing and 
developed countries, as the supply chains – although crossing inter-
national boundaries – still operate as single channels for food to 
reach consumers (wherever they are). The erosion of trust within 
these chains has led to an increase in the demand for traceability and 
testing. This is from both a company perspective and a governmental 
one (a recent government-independent report on the horsemeat  
scandal2 and the subsequent issues of food fraud). The past few 
decades have seen a tremendous increase in both availability and 
adoption of technology in the food sector. In fact, food supply chains 
have inspired the introduction and popularity of many leading tech-
nologies in today’s world, ranging from barcoding to radio-frequency 
identification (RFID) tagging, which will be discussed later in this 
chapter. Technology has been embraced as an essential tool in elimi-
nating food risks, and also as a tool to maintain traceability in times 
of recall.

Traceability

The Codex Alimentarius Commission defines traceability as ‘the  
ability to follow the movement of a food through specified stage(s) of 
production, processing and distribution’.3 It refers to the identity 
of the product but can also relate to its origin, processing history, 
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distribution and location. The prerequisites for effective traceability 
in food systems are:4

 ● depth of traceability (how far upstream and downstream the 
food components can be traced);

 ● breadth of traceability (the number of variables or attributes of 
the food that are tracked);

 ● precision in measuring these attributes.

Traceability is beneficial in many ways, and can lead to a number of 
advantages, including:

 ● increased transparency;

 ● reduced risk of liability claims;

 ● more effective recalls;

 ● enhanced logistics;

 ● improved control of livestock epidemics;

 ● possible positive effects on trade;

 ● easier product licensing;

 ● possible price premiums.

Effective traceability is perceived to lead to increased consumer trust 
and confidence in the product, as well as trust between producers and 
suppliers. However, the process of creating traceability requires  
appropriate data. To obtain these data, the food supply chain needs 
to invest in technology, enabling the gathering, storing and sharing  
of data. A balance is needed between the costs of traceability and  
the benefits achieved from it. Traceability is strongly advocated by  
all compliance guidelines, including Hazard Analysis and Critical 
Control Points (HACCP) and those issued by the International 
Standards Organization (ISO), and can be categorized into mandatory 
traceability and voluntary traceability.

Mandatory traceability

Within Europe, the framework provided by the General Food Law 
(GFL) Regulation (EC) No. 178/2002 has been set up to ensure  
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mandatory traceability of food and food ingredients with effect from 
1 January 2005. The regulatory requirements require all food and 
feed business operators to be able to identify the source of all food 
and ingredients, and to provide the basis for further monitoring 
throughout the supply chains. The operators must know from whom 
they obtain ingredients and products (one step back) and register  
to whom they sell their ingredients or products (one step forward). 
The focus of both regulatory and compliance standards is on the 
availability of these data rather than how the data are gathered; the 
organizations can choose a suitable method from available protocols. 
The regulation requires food operators to keep records of the names 
and addresses of the supplier and customer in each case, as well as 
information regarding the product and date of delivery. Operators 
are also encouraged to keep information on the quantity of a product, 
the batch number (if there is one) and a more detailed description  
of the product and also information such as whether it is a raw or 
processed product. In addition to the general requirements, sector-
specific legislation applies to certain categories of food product (fruit 
and vegetables, beef, fish, honey, olive oil), special traceability rules 
for genetically modified organisms (GMOs) and ‘tagging’ for animal 
products.

Voluntary traceability

In addition to mandatory traceability, it is possible, in the EU, to out-
line a second traceability level, which is voluntary and provides a 
higher degree of information associated with a single product. This 
voluntary traceability system is regulated by a number of European 
organizations accredited to deliver food safety standards, such as 
AFNOR (Association Française de Normalization) in France, BSI 
(British Standards Institute) in the UK and UNI (National Standards 
Organization) in Italy. The framework of ISO 22000:2005 contains a 
specific voluntary traceability standard.

The GS1 Global Traceability Standard5 provides a process stand-
ard describing the traceability process independent of the choice of 
enabling technologies. The standards also provide implementation 
procedures to help companies create the appropriate traceability and 
recall procedures.
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Radio-frequency identification

Radio-frequency identification (RFID) is a technology that uses radio 
waves to transfer data from an electronic tag, called an RFID tag  
or label, attached to an object, through a reader for the purpose of 
identifying and tracking the object. Some RFID tags can be read from 
several metres away and beyond the line of sight of the reader.  
The benefits include greater speed and efficiency in stock operations, 
better tracking throughout the chain and enhanced forecasting. 
RFIDs are considered invaluable in ensuring traceability, as advances 
in technology and the decrease in costs for these devices allow  
various types of information to be recorded with minimal human 
intervention.

Retailers can use RFID to:

 ● track products within the logistics system;

 ● manage inventory efficiently by always having the right goods 
available at the right time in the right place;

 ● manage the security of the inventory;

 ● manage consumer demand through better control of inventory 
and replenishment.

Food companies and services can not only utilize RFID for the above-
mentioned reasons but also to track returnable assets, including kegs, 
trolleys and pallets, and track ingredients used within the food.

RFID tags can be classified as Active and Passive. In some instances 
semi-passive tags are also available. Active tags have an integral  
battery which keeps the tag on all the time and hence they can be 
tracked over long distances. Passive tags do not have a battery and 
use power from the RFID reader to transmit the signal. Semi-passive 
tags have a battery to keep the circuit on, but they do not transmit 
data until powered by a reader. Each has its own use. Passive tags are 
inexpensive and can be used on food packaging for traceability, in 
which case the data are not transmitted until the tag is read. However, 
if the food needs to be tracked across long distances, a pallet can be 
tagged using an active RFID tag which will be GPS tracked. The tags 
can be further divided as read only and read-write.
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Barcoding

A barcode is a code made up of numbers and letters that can be pro-
cessed by a computerized system. Generally the code is represented 
physically on the product using black parallel lines of varying widths 
and spacing. The data within this representation can be read using 
scanners. These scanned data are then analysed by the appropriate 
software to identify the information regarding the product. This  
information may be the type of product or service, physical locations 
at any point in the supply chain, price, number of inventory items 
and so on.

Barcodes are useful in:

 ● capturing sales data, which helps with forecasting and also 
replenishment, especially when the inventory is being managed 
by the vendor;

 ● managing the pricing of products, as it removes the need to 
apply pricing labels;

 ● traceability of ingredients;

 ● matching the elements of the process (eg matching ingredients 
to the recipe, employee to the process, and so on).

GS1 DataBar6 is a new barcode that is being introduced by GS1 for 
use in the retail sector. It is smaller and can encode more information, 
such as expiry dates, batch numbers, prices, weights and more.

The food manufacturing and services sector use barcodes to:

 ● improve food safety by keeping track of ingredients and 
inventory;

 ● increase efficiency by having the correct information regarding 
the supply and storage of food ingredients and processing 
assets;

 ● improve supplier transactions.

Printing barcodes

Barcodes and RFID provide accuracy, but only if the printers and 
label material provide the quality and durability needed for food 
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storage and supply chain operations. Inkjet printing may create  
challenges with printing on packaging, especially if it is absorbent. 
Thermal printers are a good option to print labels for food, and these 
can be used to create automated print-and-apply systems that have 
the speed, barcode support, print quality and variable data processing 
capabilities required for successful case coding.7 In cases of a recall, 
the appropriate labels, barcodes and product identification particulars, 
matched appropriately with customer orders and shipping information, 
provide an effective system.

The barcode technology is developing rapidly and can now permit 
on-demand printing with thermal transfer or thermal printers, for 
example on product trays or opened packages. Laser marking can 
also be used to place a barcode directly on the skin of fruit and  
vegetables.8 Barcode systems are termed ‘closed loop’ or ‘open loop’. 
Closed-loop systems are not required to adhere to GS1 or Universal 
Product Code (UPC) standards as they are used internally. Open-loop 
barcode systems, which are used externally, must meet GS1 and UPC 
guidelines.9

The Foodservice GS1 US Standards have the following information 
on the barcode:

 ● Location identification: every entity in the supply chain should 
have a Global Location Number (GLN).

 ● Product identification: the Global Trade Item Number® 
(GTIN®) for each product.

 ● Product attributes: standardized product information for 
exchanging data easily and efficiently.

GS1 has built an open platform, the Global Data Synchronization 
Network®, an environment for secure and continuous synchronization 
of accurate data.10 SMEs and international suppliers find it difficult 
to keep abreast of barcoding standards, which presents an obstacle to 
uniform labelling.

DnA barcoding11

DNA barcoding is a molecular-based system of identifying species of 
plants and animals by comparing short genetic markers within the 



Technology trends in food supply chains 159

DNA. For this process to be effective and the comparison accurate, 
there must be sufficient molecular variability between the species 
being investigated, and an available repository of DNA reference  
sequences. The DNA barcoding process can be useful for the identifi-
cation and traceability of mammals, birds, seafood and plants. The 
applicability is relevant within unprocessed food. During processing, 
the DNA structure of many ingredients (for example, seeds, fruits, 
plants and animal parts) can be transformed as a result of physical 
processing (heating, boiling, UV radiation) or chemical treatments 
(addition of food preservatives, artificial sweeteners). This may lead 
to the process being ineffective. However, certain exceptions may 
occur depending on the level of processing (such as elements of fruits 
within commercial teas, yoghurt, chocolates, cookies and so on).

The International Barcode of Life project12 is a large-scale global 
project focused on constructing a detailed DNA barcode library  
of eukaryote organisms (organisms whose cells have a nucleus). A 
DNA barcode is a specific DNA sequence of the species that helps  
in identifying the species. The work of finding the DNA barcodes  
is being conducted by hundreds of researchers across 25 nations.  
In 2003, Paul Hebert, a researcher at the University of Guelph in 
Ontario, Canada, proposed ‘DNA barcoding’ as a way to identify 
species.13 Barcoding uses a very short genetic sequence from a stand-
ard part of the genome. The Barcode of Life (barcodeoflife.org) and 
DNAbarcoding101 (dnabarcoding101.org) databases record the 
DNA barcodes.

Food production

The food production environment has seen a massive growth in tech-
nology in terms of both increasing productivity and yield and creat-
ing disease-resistant crops. As companies strive to create GMO crops, 
which are not accepted in many countries, organic farming is also on 
the rise, creating three sets of consumers – those who are happy with 
GMO crops, those who will not use GMO but also will not pay for 
expensive organic products, and a third group who will buy only 
organic produce. Organic production (if done as per the appropriate 



Operational challenges160

organic farming standards) is also supportive of ‘green farming’. 
Technological trends in farming will focus on better seeds, less toxic 
pesticides, good fertilizers, efficient harvesting equipment and, most 
importantly, the appropriate infrastructure (warehouse, transport, 
and so on) that will reduce post-harvest food losses.

Agencies such as CABI run the Plantwise14 programme, which 
helps farmers in developing countries to understand crops and their 
diseases so that farmers can choose techniques that will produce the 
correct yield. The use of ICT within the agriculture sector has also 
provided the benefit of information to farmers. Testing and tracking 
technologies are important as post-harvest tools to reduce instances 
of fraud and to make sure that the product flowing downstream is of 
the appropriate quality.

The important technological trends within food production are 
influenced by:15

 ● Informatics: This is the collection and application of 
insight gathered from the study of large integrated datasets. 
Agriculture informatics will bring together data across 
genetics, economics, agronomy, hydrology and soil science  
to create insight into innovations and processes required to 
feed the ever-increasing population of the world, which is set 
to reach 9 billion by 2050. These approaches can be used to 
identify gene sequences to identify favourable traits in crops, 
such as disease resistance and an ability to adapt to climate 
change.

 ● Big Data: The availability of a huge amount of data from 
laboratories, farms, retailers and social media has the potential 
to work with informatics to generate and drive innovation 
within food production. For example, at the individual farm 
level, more precise data will increasingly be used to provide 
evidence of compliance with regulatory and quality assurance 
and traceability requirements. Benchmarking information, 
through data analysis, provides farmers a mechanism to 
compare their own performance with local, regional and 
national averages. The ability to integrate farming data with 
information on consumer preferences and trends and climate-



Technology trends in food supply chains 161

change data can benefit businesses and consumers in the long 
run. This analysis, along with the appropriate metrics, will  
also help in supporting the sustainable agenda within the  
food sector.

 ● Technology and mechanization: Increasing yield and reducing 
post-harvest loss require help from advanced mechanization 
within the agriculture sector. Precision agriculture, remote 
sensing technologies and robotic applications help in 
increasing efficiency, productivity and, more precisely, the 
safety of the produce from climatic changes and diseases.

 ● Skills development: As technology changes and improves, the 
workforce needs to be trained and developed to utilize the 
technology advancements to their benefit. There is also a need 
for businesses in the supply chain to exchange knowledge for 
the benefit of the complete supply chain.

 ● Regulatory frameworks: With the advent of new technologies 
and innovations within the food sector, regulatory frameworks 
need to be made ‘smarter’ rather than pedantic to keep  
pace with the changing landscape within the industry. 
Regulations should be in place to safeguard the interests  
of the environment, livestock and end consumers; however, 
these should respond to changing market conditions and 
advancements without stifling innovation. Hence, the debate 
over GMO or the use of harmful pesticides and fertilizers  
is valid, as this originates from the market. However, non-
uniformity between MRLs (minimum residue levels) of 
pesticides within agri-products across different parts of the 
world creates an additional challenge for food supply chains. 
SMEs and small producers across the international food  
value chains do not have the expertise or access to understand 
changing regulatory requirements. Hence the use of ICT to 
educate them (for example, about the MRLs within the crops 
they produce and the ban on certain pesticides) and keep them 
informed is essential.
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Food processing in a technological context

Foods must frequently be processed to ensure safety and increase 
shelf life, quality and nutritional properties, all while making them 
more convenient. Processing techniques are employed at various 
stages to transform raw food into value-added food products. 
Transformation of food through processing provides an opportunity 
for food innovation but, more importantly, increases the life of the 
food, albeit in a different format (for example, apples converted to 
jams or chutneys). A current technological approach to reduce the 
environmental footprint in food processing is the use of enzymes.16 
As biological catalysts, enzymes speed up reaction rates and, in so 
doing, offer savings in terms of time, energy and cost. In addition to 
environmental benefits, the action of enzymes in foods may result  
in products with extended shelf life, improved texture, appearance, 
flavour, functionality and yield, enabling a variety of food products 
to be fabricated from harvested produce.17 Enzyme engineering is 
a process of developing enzymes with superior activities which can  
be used in food processing under mild conditions. Another priority 
concern in food processing is food safety. Thermal treatments such as 
pasteurization, sterilization, aseptic processing, refrigeration and 
chemical preservatives have been traditionally used to decrease  
microbial growth in foods and to enhance safety and shelf life. 
Methods for microbial control in food processing include: micro-
wave and radio-frequency heating (MW/RF), pulsed electric fields 
(PEF), high pressure processing (HPP), ionizing radiation, ohmic 
heating (OH), treatment with ultraviolet light, and ozonization.18

Food packaging in a technological context

Technology trends within food packaging are focused around two 
main objectives: (1) to keep food fit for purpose (until it reaches the 
fork); and (2) to indicate when food has gone off. The first objective 
has been partially fulfilled with advances in packaging to keep food 
fresh and matching the correct quality specifications. These advances 
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have been in packaging for fresh fruit and vegetables, Tetra Paks for 
drinks and other liquids, canning technology, and packaging for frozen 
foods. One of the common examples is the packaging of freshly cut 
pineapple chunks using a specially designed film with micropores. 
The film covering the pineapple container has small pores in it that 
do not permit air/oxygen to enter the container, but permit carbon 
dioxide created within the container to escape, increasing the life of 
the pineapple chunks until they reach the consumer.

To combat counterfeit products, anti-counterfeiting technologies 
are used on the packaging for high-value products. These comprise:19

 ● Overt or visible features: these help consumers to verify the 
authenticity of the product (based on the packaging), as the 
fact that the packaging is tamper-free will be evident. Some  
of the examples of these features are: holograms, optically 
variable devices, colour-shifting security inks and films, and 
sequential product numbering.

 ● Covert features: covert features are created for the brand 
owner (not the end consumer) to identify counterfeit products. 
This is important from a supply chain perspective. Some 
examples of this are: invisible printing, embedded images and 
digital watermarks.

 ● Forensic markers: these are features that require laboratory 
testing or field kits to prove authenticity. Examples of this 
technology are: chemical markers, biological markers, and 
DNA markers.

Some packaging trends for the future are:

 ● edible packaging;

 ● use of nanotechnology in packaging to prevent decomposition 
of food;

 ● smart packaging that will change colour if the food is 
contaminated or spoilt;

 ● self-cooling/self-heating packaging.
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Food logistics

Food products in food supply chain networks (FSCNs) are required 
to be maintained in a temperature-controlled environment, rather 
than being exposed to whatever ambient temperatures prevail at  
various stages of the supply chain.20,21 Fresh foods need controlled 
temperatures to maintain product attributes. The increasing consumer 
demand for ready-to-eat products (such as ready meals and prepared 
salads) imposes additional stress on the food logistics environment  
to maintain the quality and safety of food products. Temperature-
controlled logistics is required to maintain the short-shelf-life require-
ments of fresh food. This needs to focus on the speed and reliability 
of logistics systems, and hence requires special transportation and 
storage equipment. However, with increasing trends towards JIT  
logistics and keeping inventories low, most logistics systems now 
have to carry small quantities of several varieties of product, putting 
pressure on the transportation system to maintain different temperature 
zones to accommodate these products. This also increases complexity, 
as different products may produce different by-products within the 
temperature zone, thereby accelerating the need to create better  
technologies for food logistics. For example, bananas produce ethylene, 
which accelerates the ripening process of other fruits. This was dis-
cussed in Chapter 5.

Food logistics environments utilize ICT trends such as smart con-
tainers, GPS tracking, RFID and mobile phone apps to keep track of 
the products in the logistics system and also to maintain the quality, 
inventory and safety of the products. The latest trend, buying food 
via online shopping, saves costs, time and physical effort, and pro-
vides 24-hour product information. The logistics environment needs 
the ability to store the necessary inventory at the appropriate levels 
of safety and also deliver to the consumer when the orders come in.

Some of the aspects of this service are:22

 ● Cold-chain logistics: a constantly secure and monitored cold 
chain. Chilled items as well as ambient ones must be delivered 
at customer-preferred times with a minimum of packaging, 
ready to be stored away.
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 ● Pick-up and delivery: automated pick-up and delivery solutions 
to enable cold-chain services.

 ● Packaging innovation: smart, reusable and recyclable 
packaging to enable the efficient handling of food products, 
reduce customer effort in handling, storing and disposing of 
packages, and support environmental protection.

New IT platforms and communication networks have helped to inte-
grate supply chain partners downstream into the retail environment. 
Processes and platforms such as VMI and CPFR create better visibility 
and customer fulfilment. This also helps with keeping abreast of con-
sumer choices and managing inventory ‘smartly’, reducing excessive 
waste.

Summary

This chapter has presented an overview of some of the technologies 
currently being used in food supply chains and some that are being 
developed and are at an experimental stage. Technology is used at all 
stages of the supply chain. Each process, from food production to 
final delivery to the consumer, requires technology to ensure that the 
food moves from the ‘farm to the fork’ safely, at the best quality, and 
in quantities to manage demand sustainably. The chapter also presents 
a comprehensive discussion regarding traceability and the various 
technology trends, from RFID and barcodes to DNA barcodes and 
DNA markers. The chapter also explains technology trends in pack-
aging and how this helps to keep food safe and fresh. This chapter 
works in conjunction with Chapter 11 on food regulation and 
Chapter 12 on food innovation.
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11Food regulation, 
safety and  
quality

Supply chains work towards their goal of delivering products or 
services to end consumers. Food supply chains work towards this 

objective in very dynamic conditions, and are set apart from other 
sectoral supply chains owing to the unique nature of their design. The 
food supply chain has unique attributes which are created to achieve 
a safe product fit for consumption. Unsafe food has fatal outcomes, 
and as seen in the cases of Sanlu and Peanut Corporation of America 
discussed in Chapter 9, this can have a negative impact not only on 
the company but also on the sector. This chapter presents a discus-
sion of the various regulatory systems and standards that have to  
be followed by food supply chains, with the aim of providing safe  
and quality food to consumers. The chapter provides an overview of 
the laws and regulations in Europe and the certification standards 
followed by retailers.

Attributes to consider when designing food 
supply chains

Perishability

The fundamental feature of food that governs the design of its supply 
chain is that it is perishable. Depending upon the nature of the food 
product, whether it is ready to eat or used as a raw material for further 
processing or cooking, the life of a product could vary between a 
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single day and a couple of years. However, the reality is that food will 
perish and will become unsafe to eat. Fresh food, which can range 
from fruits and vegetables to ready-to-eat meals, has a short shelf  
life and hence the supply chain is tasked with closer, regular quality 
inspections and the concept of display-until/use-by dates on the food 
product. As the entire farm to fork cycle is being squeezed to provide 
short lead times and efficiency, supply chain designs have to rely heavily 
upon logistics and warehousing functions that provide temperature-
conditioned transport and storage, and increased use of advanced 
information and communication technologies. Recent research1 states 
that in perishable-product supply chain design, a trade-off should be 
made between transportation costs, shortage costs, inventory costs, 
product waste and expected shelf-life losses and quality decay.

Seasonality in production

Inherently, food production is seasonal and unpredictable. Where  
the food is grown has a major influence on what is grown and how  
seasonal it is. People in most developing countries will utilize food 
products in their diet according to local availability. However, owing 
to new food retail business models in most developed economies, con-
sumers are used to the availability of seasonal fruits and vegetables all 
year round. Seasonal cycles vary north and south of the equator, which 
in turn provides an opportunity for supermarkets and food processors 
to extend their supply chain, thus ensuring all-year-round availability. 
The seasonality of the product, along with weather conditions, leads to 
supply variation. To guarantee the planned delivery of supply, com-
panies will often integrate vertically across the chain. Unpredictable 
climatic conditions affect the quality and quantity of produce, and con-
sequently the unpredictable nature of supply makes operational planning 
extremely difficult. Hence, the formulation of purchasing contracts 
will take into account the seasonal nature of the sourced products.

Heterogeneity of the product

Food products are heterogeneous in nature. There is a significant 
variation in product features such as taste, smell, appearance, colour, 
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size and image. Even the same type of product may have different 
features. The heterogeneous nature of food is both advantageous and 
complex to control. It is advantageous because it fulfils individual 
consumer demand, as different people have different requirements in 
relation to taste, appearance, smell and so on. Thus, supermarkets 
stock different varieties of the same food category, for example types 
of apple, tomato, onion, potato, yoghurt and cheese. The flow of the 
product in the supply chain, whether as a raw material or as a con-
sumer item, will determine how it is bought and sold. When the product 
enters the supply chain as a raw material, it is more of a commodity 
and customers are purchasing it on the basis of costs and available 
quantity (for example, coffee beans, cocoa beans, orange juice). Food 
products aimed at end consumers have seen a trend of moving away 
from the commodity perspective towards a more value-added system. 
Consumers are increasingly basing their buying decisions on credence, 
content or process attributes, which are difficult to detect during or 
after food consumption. Examples of these attributes include the country 
of origin, whether the product is organic or produced under fairtrade 
conditions, health factors such as added calcium, and so forth.

Edible nature of product

Since the ultimate purpose of food is consumption, this characteristic 
has an important influence on supply chain design as well as inspection 
and certification requirements. Food supply chains are highly regu-
lated and any breakdown can have catastrophic effects. In the past 
decade, the most-discussed topic within the food supply chain has 
been food safety and regulation, followed closely by traceability. 
Product safety and quality form the basis for food logistics and supply 
chain design. As soon as the item of food (from the farm) enters the 
food supply chain, it starts to deteriorate, and hence speed is vital in 
ensuring that the food is edible by the time it reaches the fork.

Information asymmetry

Information asymmetry is a scenario in which one party has more  
or better information than the other transacting party, creating an 
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imbalance of power in the relationship. This feature has a unique role 
within the food supply chain and has an impact on the operation and 
design of the chain. Within a supply chain this feature may manifest 
as information asymmetry in quality, where the buyer cannot identify 
a good product but the seller knows the history and condition of the 
product. This was evident in the recent horsemeat scandal that  
affected retailers in the UK. If the product is manufactured or grown 
by the seller and the seller keeps selling a bad product over a period 
of time, buyers will leave the market. However, owing to information 
asymmetry, there is an element of trust on the part of the buyer that 
defects will not occur downstream. While there are institutions and 
regulations to protect against opportunism and cheating, the geo-
graphical extent of food supply chains means that the importance of 
trust cannot be underestimated.

Increasing pressure for price reduction from the markets and the 
power of the retailers will also have an adverse effect on the food 
being supplied. Producers and processors will find substitutions for 
raw materials or modify recipes or packaging volume in order to 
maintain margins. Although this will not always lead to unsafe food 
(due to contamination), it will influence the characteristics of the final 
product and sometimes have an adverse effect post-consumption (for 
example, the use of trans-fats in confectionery and snack foods to 
reduce costs and increase shelf life affects human health).

Food regulation and its effect on safety

All aspects of the food supply chain (production, processing and retail) 
are subjected to regulation and standards to ensure that the food is fit 
for human consumption. (This also is true with regard to animal 
feed, but this is outside the scope of this book.) Food regulation is a 
highly debated and researched area of the food supply chain litera-
ture. Food quality has an influence on market competition and hence 
it is important to understand and keep abreast of the latest regulations 
and standards. Academics have studied a number of different topics 
in relation to food regulation and safety, focusing on:
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 ● the impacts of regulation on the supply chain;

 ● traceability and transparency;

 ● auditing procedures;

 ● private standards;

 ● quality assurance;

 ● risk assessment.

The debate around this topic stems from two fundamental points:  
(1) consumers’ increasing awareness of food safety, which is intensi-
fied by the number of food safety incidents reported in the media; 
and (2) despite the prevalence of a number of standards, there still 
exists significant confusion around the scope and depth of these 
standards, especially in small to medium-sized suppliers and develop-
ing countries which struggle with these standards when exporting. 
The task of maintaining safety and quality in the food supply chain 
can be facilitated using the following resources.

Minimum quality standards

The minimum quality standards required are the product specifica-
tions. These relate to the inherent characteristics of the product and 
are specific to each product. Each process in the supply chain will 
have quality conformance standards which must be met before food 
travels down the chain.

Regulation and standards

Regulation and standards can be classified into four major categories:

 ● food laws and regulation;

 ● reference standards;

 ● compatibility standards;

 ● private standards.

The basic standards from a UK/European perspective are discussed 
below. Every country has its own laws and regulations with regard to 
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food safety. Even within the UK, each individual process within the 
food supply chain will have a regulatory requirement and this will 
also be focused around the food category.

Food laws and regulation

With the context of the UK and Europe, food supply chains are  
governed by both national and European laws. In the UK, the Food 
Standards Agency (FSA) has a statutory objective to protect public 
health and consumers’ other interests in relation to food and drink. 
The FSA was established through the introduction of the Food 
Standards Act 1999 in the House of Commons.

The main food laws that apply to these policy areas  
in the UK2

 ● The Food Safety Act 1990 (as amended) provides the 
framework for all food legislation in Great Britain – similar 
legislation applies in Northern Ireland.

 ● The General Food Law Regulation (EC) 178/2002 is EC 
legislation on general food safety.

 ● The General Food Regulations 2004 (as amended) provide  
for the enforcement of certain provisions of Regulation (EC) 
178/2002 (including imposing penalties) and amends the  
Food Safety Act 1990 to bring it in line with Regulation (EC) 
178/2002. Similar legislation applies in Northern Ireland.

 ● The EC Standing Committee on the Food Chain and Animal 
Health was established following the adoption of Regulation 
(EC) 178/2002, which set out the general principles and 
requirements of food law in the EU.

 ● Council Regulation (EC) No. 834/2007: principles, aims and 
rules of organic production and labelling of organic products.

 ● EU Regulation No. 2073/2005 on microbiological criteria for 
foods (as amended by EU Regulation No. 1441/2007) 
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complements the food hygiene legislation and applies to all food 
businesses involved in the production and handling of food.

 ● New EU Regulation 1169/2011 on the provision of food 
information to consumers consolidates and updates two areas 
of labelling legislation – general food and nutrition labelling. 
The information has a focus on nutrition, allergens and 
country of origin as well as being in larger print and increased 
clarity. The new rules apply from 13 December 2014. The 
obligation to provide nutrition information will apply from  
13 December 2016 for manufacturers that have yet to 
introduce nutrition labelling on their products, whereas 
manufacturers that already provide nutrition information must 
comply with the new rules by December 2014.

Reference standards

Codex Alimentarius3

The Codex Alimentarius Commission (CAC) was formed in 1963  
by the Food and Agriculture Organization (FAO) and the World 
Health Organization (WHO) to develop food standards, guidelines 
and related texts such as codes of practice under the joint WHO/FAO 
food standards programme. It also sets out guidelines for food hygiene 
and promotes the control of hygiene at the production and process-
ing stage using the Hazard Analysis and Critical Control Points 
(HACCP) system, which will be described later in this chapter. New 
considerations such as risk analysis and determination of equivalence 
in different food control systems have an impact on the new approach 
to international food hygiene regulations. The main aim of HACCP 
is protecting the health of consumers, ensuring fairtrade practices in 
the food trade, and promoting coordination of all food standards work 
undertaken by international and government and non-government 
organizations (NGOs). It has two elements: (1) a set of guidelines for 
all food-related companies, and (2) guidelines for specific food products, 
such as the codices for the fruit chain, meat chain and so on. The 
general principles lay out specific ways in which member countries 
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may adhere to the Codex standards. These ways are clearly specified, 
but the general forms of acceptance are full acceptance, acceptance 
with minor deviations, and free distribution.

Sanitary and Phytosanitary Agreement (SPS)4

The SPS Agreement was created to ensure that regulations are not 
used for protectionist purposes and for creating unnecessary barriers 
to entry into international trade but at the same time to safeguard  
the food supply chain. It allows different governments to maintain 
the sovereign right to provide the level of heath protection it deems 
appropriate. It promotes the Codex Alimentarius as a minimum level 
of regulation and, if a WTO member considers that a higher level of 
sanitary protection than the Codex is necessary, it will have to provide 
scientific evidence based on valid risk assessment techniques to support 
its claim. The SPS Agreement covers all laws, decrees, regulations, testing, 
inspection, certification and approval procedures, as well as packaging 
and labelling requirements directly related to food safety.5 In doing 
so, it addresses the objective of reducing unjustified barriers to trade 
that take the form of health and safety measures. Facilitating trade, 
not improving food safety standards, forms the chief objective of SPS.6

The SPS Agreement is based on 14 articles and its key principles, 
which members of the WTO have to follow, are:

1 National sovereignty: Member countries are allowed to  
use risk standards that are different from the international 
standards. They must, however, inform the WTO secretariat, 
which then circulates the notification to other WTO members.

2 Harmonization: This is aimed at common measurement 
according to officially recognized international standards, 
which include the Codex Alimentatrius Commission, 
International Office of Epizootics and International Plant 
Protection Convention. This means that if a specific regulation 
follows the relevant Codex structure, it cannot be challenged 
by an exporting nation as a non-technical barrier.

3 Equivalence: Members must accept that the SPS measures of 
another country are equivalent if they result in the same level 
of public health protection, even if the measures themselves differ.
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4 Science-based measures: Regulations cannot impose 
requirements that do not have a scientific basis for  
reducing risk.

5 Regionalization: The concept of pest- or disease-free areas 
within an exporting country is recognized. Exports from such 
areas can be allowed, even if other areas of the country still 
have pests and diseases.

6 Transparency: Nations have to publish their regulations and 
provide an enquiry point for answering questions from trade 
partners about the country’s SPS measures.

7 Dispute resolution: International standards are often higher 
than the national requirements of many countries.

Although SPS measures aspire to provide benefits in promoting trade, 
they presently apply only to governments. The growing power of retailers 
is noticeable as they apply private standards that may not be legally 
binding by government legislation but are equally important for the 
small food processors to follow. Another growing trend worth men-
tioning is the growing importance of credence factors such as country 
of origin, fair trade, ethical practices and so on, which are driven by 
moral standards rather than a utilitarian basis. These have a deep 
consequence in terms of creating trade barriers, but are very difficult 
to address through legislation or regulation.

Compatibility standards

These are a category of standards which are aimed at international 
standards of compliance. ISO, HACCP and other QA schemes are 
included in this category. Within food legislation, the most common 
standard is the HACCP standards.

Hazard Analysis and Critical Control Point (HACCP)

HACCP is widely recognized as the most important standard  
for safety and suitability of foodstuffs. It can be applied to any or-
ganization involved in any of the following activities: preparation, 
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processing, manufacturing, packaging, storage, transportation, distri-
bution, handling, sales and supply. The EU Directive 93/43/EEC on 
food hygiene requires all operators in the food business to implement 
HACCP (REP).

HACCP as a process was developed with the collaboration of the 
Pillsbury Corporation and the US National Aeronautics and Space 
Administration (NASA) for the production of safe food for the US 
space programme.7 The requirement from NASA was the guarantee 
of safe foods consumed by astronauts in space. The HACCP system 
focused on the manufacturing process rather than end-product  
inspection. HACCP was built around giving operators more control 
over the manufacturing process, as far upstream as possible, by con-
tinuously monitoring critical control points. The process was publicly 
announced by Pillsbury in 1971 and was adopted by major food 
companies in the 1980s. The process was supported by the Food and 
Agriculture Organization, the United Nations and the World Health 
Organization.

The Codex Alimentarius described earlier lays down the steps and 
guidelines involved in implementing the HACCP system. HACCP has 
a significant overlap with the ISO systems within the area of food 
manufacturing. If an organization has implemented the HACCP  
system successfully, generally the majority of the requirements for 
ISO 9000 are fulfilled. The HACCP system is also the foundation for 
some other standards worldwide (for example, see EU, 1992, 1993 
for Europe; FDA, 1972, 1989, NAS, 1985, Taylor, 1993 and the US 
Federal Register, 1994, 1995 for the United States; Agriculture 
Canada, 1993 for Canada; or ANZFA, 1995, 1996 for Australia and 
New Zealand).

The system is a science-based and systematic process of identifying 
the critical control points within any process. Critical control points 
are steps in the process where hazards or contamination can enter, 
and HACCP aims at controlling this through prevention rather than 
inspection. In this respect, HACCP can be applied throughout the 
supply chain, from production to consumption. HACCP does not 
have a manual or a list of prescriptive actions but is based on 7 prin-
ciples and 12 guidelines.

Henson et al8 list the advantages and disadvantages of HACCP:
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Advantages:

1 Reduced product wastage;

2 Increased product shelf life;

3 Reduced product microbial counts;

4 Increased product prices;

5 Increased product sales;

6 Reduced production costs;

7 Increased motivation of production staff;

8 Increased motivation of supervisory/managerial staff;

9 Increased ability to attract new customers;

10 Increased ability to access new overseas markets.

Disadvantages:9

1 Increased production and supervisory costs staff;

2 Need to retrain supervisory/managerial staff;

3 Need to retrain production staff;

4 Attitude/motivation of production staff;

5 Attitude/motivation of supervisory/managerial staff;

6 Reduced staff time available for other tasks;

7 Recouping costs of implementing HACCP;

8 Reduced flexibility to production process;

9 Reduced flexibility of production staff;

10 Reduced flexibility to introduce new products.

International Standards Organization (ISO 9000 and 
ISO 22000:2005)

The ISO standards are voluntary technical standards which are globally 
recognized. They lay down specific standards for particular products, 
material or processes. However, the ISO 9000 is a generic standard 
and is not aimed specifically at the food sector. ISO 22000:2005 is a 
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standard dealing with food safety and is a general derivative of  
ISO 9000.

ISO 9000 is a uniform standard for quality management. It provides 
recognition within the marketplace of quality assurance. Implementing 
the standard helps the organization to optimize its processes and create 
appropriate governance structures for them. The standard helps the 
company to formalize its management system of quality assurance, 
which also provides traceability of root causes of quality problems. 
However, it is a lengthy process and requires major resources to 
achieve certification. Small and medium-sized organizations find it 
difficult to implement ISO 9000 on account of resource requirements.

ISO 2200010

The ISO 22000 is a quality management system approach applied to 
food safety by incorporating the widely used and proven HACCP 
principles into the quality management system. The standard provides 
an opportunity to minimize system and audit variations on account 
of location, types of products and so on. It also reduces barriers to 
trade across borders and the supply chain.

Food Safety System Certification 22000 (FSSC 22000)

The FSSC 22000 combines the ISO 22000:2005 Food Safety Management 
standard with the Publicly Available Specification (PAS) 220:2008 
and other additional requirements. The FSSC 22000 is recognized by 
the Global Food Safety Initiative and the Food and Drink Federation.

Threat Analysis and Critical Control Point (TACCP)

PAS 96:2014 is the guide to protecting and defending food and drink 
from a deliberate attack. PAS 96 describes the TACCP, a risk manage-
ment methodology, which aligns with HACCP; however, it has a 
focus on identifying threat (an action that can cause loss or harm 
arising from someone’s ill-intent). This requires a wider systems view 
of the operation from the position of an attacker. Diverse people 
within the organization, such as HR, procurement and/or security, 
can help in anticipating the threats to the food supply chain (from an 
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attacker’s perspective), outlining steps for early detection of an attack 
and devising protection to deter the attack.

Private food standards

Private standards are standards set by commercial and non-commercial 
organizations, for example private companies, industry associations 
and non-government organizations. These standards, although not 
legally binding, are the gateway to the supply chain for most suppliers. 
As the large chains and processing firms compete among themselves 
in national and regional markets and attempt to differentiate their 
products to protect and gain market share, they find, firstly, that the 
public standards needed for that differentiation do not exist, or the 
ones that exist are currently inadequate. Also, there isn’t a satisfac-
tory capacity to monitor their enforcement, leaving a gap for private 
standards. Secondly, private standards enable increased profit through 
promoting product differentiation. Private standards and certification 
provide assurance to the customer of product reliability and therefore 
increased sales. Thirdly, private standards help reduce costs and risks 
in their supply chains. The main cost reduction comes from using the 
standards as guidelines for standardizing processes and systems. 
Some of the examples of private standards are as follows.

Individual company standards

These standards are set by individual companies within the supply 
chain, predominantly buyers and large food retailers, and are adopted 
across their supply chains. Examples include Tesco’s Nature’s Choice 
and Marks and Spencer’s Field to Fork assurance standards.

Collective national standards

These standards are set by national organizations, including industry 
associations and NGOs. These organizations represent the interests 
of commercial entities (for example, food retailers, processors or pro-
ducers). In some cases the standards have been successful in reaching 
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out through international supply chains. Examples include the British 
Retail Consortium (BRC) retail standards and the Ethical Standards 
Initiative.

Collective international standards

These standards are set by international collective organizations. 
They are designed to be adopted and implemented internationally. 
Examples include the Marine Stewardship Council, the Forest 
Stewardship Council and GlobalGAP.

BRC Food Safety Standard11

The BRC Food Safety Standard is a quality and safety certification 
standard developed by the British Retail Consortium. This is used for 
standardizing quality, safety and operational criteria to establish 
good manufacturing practices and fulfil legal obligations for creating 
safe food products that meet customer requirements. It can be used 
by any food-processing operation where open food is handled, pro-
cessed or packed. The BRC food standard is followed by most major 
food retailers and hence suppliers must be BRC certified. The standard 
is divided into seven sections:

1 Senior Management Commitment and Continual Improvement: 
For any food safety system to be effective, it’s essential that the 
senior management team is fully committed to its application 
and continued development.

2 The Food Safety Plan (HACCP): The basis for the Food Safety 
System is an effective HACCP programme based on the 
requirements of the internationally recognized Codex 
Alimentarius system.

3 Food Safety and Quality Management System: This sets out 
requirements for the management of food safety and quality, 
building upon the principles of ISO 9000. This includes 
requirements for product specifications, supplier approval, 
traceability, and the management of incidents and product 
recalls.
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4 Site Standard: This sets out expectations for the production 
environment, including the layout and maintenance of the 
buildings and equipment, cleaning, pest control, waste 
management and foreign body controls.

5 Product Control: This includes the requirements for product 
design and development stage, including allergen management, 
product and ingredient provenance, product packaging and 
product inspection and testing.

6 Process Control: This includes the establishment and 
maintenance of safe process controls, weight/volume control 
and equipment calibration, and ensures the documented 
HACCP plan is put into practice.

7 Personnel: This sets out the standards needed for staff training, 
protective clothing and personal hygiene.

Other initiatives within the food supply chains

Global Food Safety Initiative (GFSI)12

During the 1990s, retail and food manufacturers operated individual 
in-house standards within their supply chains without having an 
overview of the requirements of the food sector. Owing to the non-
convergence and inconsistency of these standards, suppliers spent  
resources and effort trying to meet the requirements of multiple retailers. 
This, however, did not stop the food safety crises within Europe during 
the 1990s. Hence, the CEOs of major food retailers came together in 
2000 to set up the Global Food Safety Initiative, a non-profit founda-
tion, to share knowledge and create a harmonized and benchmarked 
approach to managing food safety across the industry. In the late 
1990s, The British Retail Consortium set up its first BRC food safety 
and quality certification standard. The German and French retailers 
had the International Food Standard (IFS) and the trade association 
for North American retailers developed the Safe Quality Food 
Standard. The GFSI chose the benchmarking approach to create  
harmony between these standards with a message ‘once certified,  
accepted everywhere’. This means that once the supplier is certified 
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against one standard (as recognized by the GFSI), the supplier should 
be in a position to supply to the membership of the organization. The 
BRC standard is the most accepted and difficult standard to adopt. 
However, once adopted and certified, the BRC standard provides  
acceptance across the world.

The work of the GFSI is advanced through collaboration between 
the world’s leading food safety experts from retail, manufacturing 
and foodservice companies, as well as international organizations, 
governments, academia and service providers to the global food  
industry. They meet together at Technical Working Group and Stake-
holder meetings, conferences and regional events. GFSI is managed 
by the Consumer Goods Forum (CGF), a global, parity-based industry 
network, driven by its members.

Safe and Local Supplier Approval (SALSA)13

In recent years, many of the UK’s major buyers, including supermarkets, 
foodservice, catering suppliers, local authorities and health trusts, 
have seen local sourcing as a major objective. However, it is not always 
possible or appropriate for smaller food producers and processors to 
follow the BRC Global Standards, so SALSA was formed to deliver a 
robust and effective food safety certification scheme which is more 
suitable for small food producers and processors. SALSA is a non-profit 
organization set up by four UK food trade associations: the National 
Farmers’ Union of England and Wales (NFU), the Food and Drink 
Federation (FDF), the British Hospitality Association and the BRC. 
This initiative is conducted by the Institute of Food Science and 
Technology, UK. To achieve SALSA certification, suppliers are audited 
for their capability to produce safe and legal food. The SALSA scheme 
is limited to those processors based in the UK and the Channel Islands.

Case examPle  EU ban on imports of Indian mangoes14

On 26 March 2014, the European Commission declared that emergency measures 
were being taken to prohibit the import of some fruits and vegetables from India in 
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order to tackle the significant shortcomings in the phytosanitary certification 
system of such products exported to the EU. This decision had to be taken owing 
to a high number of such consignments being intercepted on arrival in the EU and 
found to contain pests, mainly insects such as non-European fruit flies, that needed 
to be quarantined. The ban was put into effect from May 2014 to December 2015. 
When this message appeared in the media, it caused uproar in the UK, as the fruit 
affected by the ban was the Indian mango or, as Indians call it, ‘Alphonso – the 
king of fruits’. The Alphonso mango season starts roughly from the month of May 
and lasts for about 10 weeks. The 10 weeks are worth almost £10 million to India–
UK trade. From a consumer’s perspective, this was an issue, as the UK Asian 
diaspora wait every year for the mango season to start. From a business 
perspective, this was a blow to the whole supply chain, as the supply chain was 
already preparing the mangoes for dispatch. This affected exporters in India and 
importers in the UK, as well as individual convenience stores that relied upon the 
extra footfall in the 10 weeks on account of customers coming in for mangoes. The 
importers created an online petition asking the UK government to try to get the ban 
lifted. Two local Leicestershire MPs raised the question in Parliament. The National 
Asian Business Association worked with the Department of Environmental Food 
and Rural Affairs (DEFRA) to organize a joint roundtable meeting, in June 2014, 
between the representatives of the UK and Indian governments and the businesses 
affected by the ban. This meeting was chaired by Lord de Mauley, Parliamentary 
Under-Secretary of State for Natural Environment and Science. It was agreed at 
the meeting that, if necessary, DEFRA would provide support (with training and 
technical assistance) to its Indian counterparts and exporters. The European 
Commission agreed to conduct an early inspection visit and a team of the 
Commission’s Food and Veterinary Office visited India in September 2014 to inspect 
pack houses and verify improvement in plant health controls and certification 
systems. They found significant improvements in India’s mango export system. 
The Food and Veterinary Office,15 in its report, agreed that India had taken several 
measures to guarantee safe exports, including enhancement of capacity and 
number of inspecting staff, improvement in infrastructure and implementation of a 
standard operating procedure. It was announced on 21 January 2015 that the ban 
on the import of Indian mangoes into Europe had been lifted.

Case examPle  The horsemeat scandal and food fraud16

In January 2013, the horsemeat scandal came to light when traces of horse DNA 
were found in products supplied to various UK supermarkets and millions of 
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burgers were subsequently taken off the shelves by supermarkets, including 
Tesco, Lidl, Aldi and Iceland. As the story unfolded, it demonstrated the complexity 
of the meat supply chain in Europe, as the orders for meat were subcontracted 
almost seven times across a number of countries. No one had control over the 
chain and the fraud being committed passed unnoticed for some time. In the 
aftermath of the scandal, the UK government announced an independent review, 
to be led by Professor Elliott, to look into the causes of the systemic failure that 
enabled the horsemeat fraud. The review would investigate the roles and 
responsibilities of businesses throughout the food supply chain to consumers and 
how to support consumer confidence. The recommendations of the report focused 
on food crime and food fraud, and recommended that the government should set 
up a food crime unit. The report also discussed supermarkets’ responsibility to pay 
a fair price to suppliers to deter fraud and asked for an intelligence-based 
monitoring system. The Business Standards Institution produced a revised version 
of PAS 96: Defending food and drink to safeguard food and drink against malicious 
tampering and bioterrorism. The Publicly Available Specification (PAS) was first 
published in 2008 as a guide to HACCP procedures and has subsequently been 
updated to include the introduction of the TACCP risk management methodology 
to help mitigate the risks. The GFSI also wants the inclusion of VACCP (Vulnerability 
Analysis Critical Control Point) as a part of its toolkit, along with HACCP and TACCP, 
to fight food fraud.

Summary

This chapter has discussed the various food regulations, standards 
and safety initiatives required in the supply chain to provide safe 
food to end consumers. The chapter provided a very high-level  
overview of the different mechanisms, and is a guide for food-sector 
organizations. The individual regulations and standards should be 
consulted when designing the food supply chains for specific prod-
ucts and categories. The chapter discussed the need for regulatory 
and certification systems based on the attributes of food products.  
It presented the different laws and regulation under four categories:

 ● food laws and regulation;

 ● reference standards;
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 ● compatibility standards;

 ● private standards.
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Innovation is a process through which ideas are generated, developed 
and implemented to formulate incremental improvements or radical 

products, processes and services that add value within the supply 
chain. Innovation is necessary both for finding solutions to future 
social challenges and to sustain business competitiveness. Within the 
food sector, innovation has been at the centre of activity. To meet the 
challenges of feeding an ever-growing population, with rising incomes 
and changing lifestyles, processes and product development have to 
be considered using novel ideas. These pressures modify where and 
how food products are grown, processed and distributed, with the 
additional requirement of being socially and environmentally com-
pliant. The chapters in Part Two covered the operational challenges 
within food supply chains. This chapter focuses on the process of  
innovation and introduces concepts that are being increasingly used 
within the food sector. The chapter presents a number of innovations 
which have proved effective in food supply chains.

Classification of innovation methods

Consumer demand and changing needs drive the intent to create new 
product offerings and deliver these using sophisticated business models. 
Creating new product offerings is synonymous with innovation cap-
ability. Innovation can be classified using several different methods.1

Institutional innovations

These innovations bring about a change in institutional procedures, 
policies, standards, regulations and relationships with external organ-
izations in order to encourage improvements in the performance of 
an institution to increase its competitive advantage.

191



Sustainability and future challenges192

Technological innovations

These innovations are the application of new ideas, scientific knowledge 
or technological practices to develop and market new products and 
services and/or improve production processes. These can be applied 
to other functions of the organization too.

Social innovations

These innovations are substantial improvements in ideas, organiza-
tions, goods and services in order to respond positively to social 
needs or purposes. These innovations are conducted for the well- 
being of individuals and communities.

Other classification systems

These classification systems are more general and can be used more 
widely, such as the following categories based on the OECD classi-
fication (2005):2

 ● product innovation: changes or additions to goods produced 
or services delivered;

 ● process innovation: changes to the way goods are produced or 
services are delivered;

 ● marketing innovation: changes in the method or conditions for 
marketing the goods, or changes in the placement or target of 
the goods or services;

 ● organizational innovation: changes in an organization’s 
structure, activities or services, in its processes or methods, or 
in its relationship with other stakeholders (such as partnerships).

Innovation systems

Innovation systems may include a wide variety of sectors and func-
tions that promote or implement innovation. A systems view is important 
in order to understand the interactions between the various agencies 
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involved and to create a holistic flow of knowledge among the different 
participants. An innovation system consists of a wide array of public 
and private organizations, firms and individuals that demand and 
supply knowledge and technical, commercial and financial com-
petencies. It also includes the rules and mechanisms by which these 
different stakeholders interact and relate with one another in social, 
political, economic and institutional settings.3 Investment in agricul-
tural science and technology, generally in the form of research and 
extension services, has proved to be highly valuable for improving 
crop yields and lessening poverty in developing countries.3

Food system and innovation

Scientific and engineering advances over the past century have revo-
lutionized the way food is grown, distributed and sold. The advances 
have facilitated food processing for mass consumption. Food innovation 
has focused on creating safe, convenient and nutritionally enhanced 
food. However, this has also led to the manufacturing of long-shelf-
life, fat-laden convenient food which is available on retail shelves. 
Processing and packaging innovations have led to increasing the  
life of a food product and made it possible to transport it across  
the globe. Logistics innovations in both storage and transport have 
created an opportunity where all types of food product can be made 
available across the globe. Innovative food-processing techniques  
developed through scientific advancement have resulted in improving 
the conversion of raw foodstuffs into safe consumer products of the 
highest possible quality. Some of the engineering techniques used by 
the food industry, including drying, milling, extrusion, refrigeration, 
heat and mass transfer, membrane-based separation, concentration, 
centrifugation, fluid flow and blending, powder and bulk-solids mixing, 
monitoring and control help to maintain the quality and safety of the 
food and fulfil consumer requirements.

Consumer perceptions

Introducing a new product to the market should be a consumer-led 
activity. It is important to understand the needs of the consumer  
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before the product is developed. This also means that the ‘newness’ of 
the product or innovation is from the aspect of the consumer. If the 
consumer finds the product to be new or innovative and purchases it, 
the innovation exercise is deemed successful. Depending upon the 
position in the food supply chain and the entity involved in the trans-
action, the perception of newness will alter. Hence, what a distributor 
finds new or innovative may not be accepted by the end consumer. 
However, it is the end consumer as the culmination of the supply 
process and the entity that ascertains the value of the product that 
will determine its innovativeness. When McDonald’s and Kentucky 
Fried Chicken first entered the Indian and Chinese markets with their 
worldwide offerings, they failed. Only when they realized that they 
had to innovate with their menus to suit consumer needs within the 
two countries were they successful in setting up shop. The McDonald’s 
and KFC menus in India feature food items using paneer and rice, 
which are not available on their menus in other parts of the world.

Case examPle Indian curry in the UK

Indian curry has been available in the UK since the late 1700s. However, it entered 
the food supply chain, as we know it today, through restaurants and curry houses in 
the 1960s. The flavours and tastes that were new to consumers’ palates needed 
modifying to get a product that was acceptable to an ordinary consumer who 
perhaps had not been introduced to these tastes before. This caused changes to the 
content of spice, salt and sugar and also led to some new products such as Chicken 
Tikka Masala (still claimed to be a dish first introduced in the UK). As the Indian curry 
houses gained consumers’ approval, Western supermarkets worked with suppliers 
to create ready-to-eat curry meals for their stores. Innovation in the format of the 
packaging has changed the way curry is available on the retail shelf. From 
microwaveable ready-to-eat packaged curries to long-shelf-life vacuum-packed 
curries, innovation still continues to make curry available in various formats. This 
product was a new product within the retail supply chain and for the consumer, who 
now could enjoy curry at home without the need to go to a restaurant. Hence, the 
development processes used, the investments required, the challenge of introducing 
Asian food products to a Western market and the potential financial impact were no 
less important just because Asian foods had previously existed in Asia.
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Product development in food supply chains

Success factors in the product development process

In research done by Stewart-Knox and Mitchell,4 they found that the 
food industry preferred to innovate incrementally (modify or improve 
the existing product) rather than create radical innovation (a completely 
new product). They suggested that because food product development 
is a risky process, companies tried to follow a risk-averse approach to 
innovation. However, the reality is that there is a higher rate of product 
failure than success. They also found that if the retailer was involved 
in the product development process and also had an understanding 
of consumer needs, a greater rate of success was achieved. In the  
innovation literature, the food industry is typically classified as a sector 
with low research intensity, accounting for one of the lowest R&D-
to-sales ratios of any industrial sector.5 The pace of technological 
change in this industry, measured by the number of patented inven-
tions, appears to be less dynamic than in other manufacturing sectors.6 
Beckeman and Skjolkebrand assessed the degree of innovation in the 
food industry, stressing the fact that ‘very little innovation is taking 
place in the food industry’.7

Food industry innovations are often aimed at developing important 
replacement products, following a change in nutritional requirements, 
or following food additive regulations. They are generally new or 
improved consumer products and services, and can be focused in one 
area of food technology, for example process engineering, product 
formulation, food qualities or consumer needs. The process also has 
to combine technological innovation with social and cultural innova-
tion in order to produce food that satisfies the consumer. Innovations 
may occur throughout all parts of the food chain, and a possible classi-
fication of food innovations is the following:

 ● new food ingredients and materials;

 ● innovations in fresh foods;

 ● new food process techniques;

 ● innovations in food quality;

 ● new packaging methods;

 ● new distribution or retailing methods.
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Drivers and barriers to innovation in the food supply 
chain

In a study commissioned by the Department for Environment, Food 
and Rural Affairs (DEFRA) and conducted by Arthur D Little, the 
drivers and the barriers for innovation in the food sector were identi-
fied.8 The study was titled ‘Mapping current innovation and emerging 
R&D needs in the food and drink industry required for sustainable 
economic growth’. The report identified that within the food and drink 
machinery and automation sector, there are a number of excellent 
small businesses that still do not compete internationally.

The drivers for technological innovation are:

 ● consumer demand: making largely incremental developments 
to make products more convenient and attractive, healthier, 
more natural, better quality and, above all, less expensive;

 ● the increasing costs of doing business, owing to the rising and 
fluctuating costs of agricultural commodities and animal feed, 
and of utilities, including energy and water;

 ● regulatory drivers, such as food labelling requirements, which 
are sometimes difficult to meet.

Priorities for technological innovation

The priorities as presented in the report fall into four categories 
(Table 12.1).

Barriers to technological innovation

Delivering the technological innovations to address these challenges 
requires a number of barriers to be overcome:

1 Obtaining funding for technological innovation is the most 
significant barrier for companies large and small. In general, 
this is more an issue of access.

2 A shortage of appropriately skilled staff was the second most 
frequently cited barrier.
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table 12.1   Priorities for technological innovation, broken down into 
four categories

Work to do Innovations

Priority 1: 
working 
effectively  
at the farm  
gate interface

1 maintain and improve  
food quality and 
authenticity;

2 meet consumer demand 
for ‘natural’ foods;

3 respond to volatility in  
the cost of raw materials, 
as well as safeguarding 
food security.

Key challenge: sourcing 
environmentally sustainable 
and resilient raw material.

1 further effort in plant breeding  
to enhance crop resilience and 
nutritional value;

2 the identification and sourcing  
of alternative raw materials with 
lower environmental impact;

3 the development of means to 
monitor and detect food quality 
and contamination online.

Priority 2:  
manufacturing  
healthy and 
differentiated  
food products

Key challenge 1: further 
reducing salt, sugar and  
fat content of processed 
products and including 
healthier components such 
as fibre;

Key challenge 2: 
development of new 
products aimed at  
specific consumer groups,  
in particular personalized 
nutrition to support healthy 
ageing and lifestyles.

1 through technological innovation 
in areas such as: formulation 
engineering; improving 
understanding of sensory  
science and taste perception;  
and the identification of novel 
substitutes for salt and sugar;

2 improving the diagnosis  
and prediction of nutrition- 
related illness to help guide 
programmes of healthy eating; 
and the development of products 
targeted at reducing the risk  
of developing nutrition-related 
diseases.
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table 12.1  continued

Work to do Innovations

Priority 3: 
changing 
manufacturing 
and supply chain 
efficiency

1 improving energy and 
process efficiency in  
the food manufacturing 
environment focuses  
on reducing costs by 
minimizing processing 
steps and increasing 
throughput in order  
to reduce energy 
consumption, as well  
as seeking opportunities  
to reduce overall energy 
consumption.

2 water scarcity – especially 
the dairy industry.

1 new means of cooling the 
ambient factory environment; 
designing factories which are 
more energy efficient; and the 
development of new technologies 
for energy-intensive processing 
steps, such as freezing, chilling 
and cooking, as well as better  
use of low-grade heat.

2 reducing energy losses within the 
retail environment, particularly in 
chiller cabinets, without creating  
a barrier between the consumer 
and the product; and reducing the 
need for chilling throughout the 
food chain by improving supply 
chain efficiency.

3 technological innovation 
opportunities include: the 
development of low-water 
cleaning technologies; and 
identifying cheaper and more 
effective measures for water  
and effluent clean-up, and the 
recycling of non-potable water.

Priority 4: 
reducing and 
reusing waste 
materials

1 waste reduction and  
reuse is primarily driven  
by economic issues 
associated with maximizing 
efficiency and reducing 
operating costs.

2 finding new applications 
for off specification and 
residual products, particularly 
those arising from fruit and 
vegetable processing, 
dairy, and other primary 
processing applications.

1 innovation in packaging to prolong 
shelf life and reduce food spoilage 
and wastage is a key current 
priority.

2 smart packaging.

3 converting food-manufacturing 
and domestic waste to non-food 
materials; decontaminating waste 
streams for food or feed use; and 
improving connectivity with 
small-scale waste production, 
both within the supply chain and 
within individual businesses.
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3 Food manufacturers tend to focus more on ‘fire-fighting’ 
short-term requests from retailers and consumers, rather  
than on a strategic long-term relationship.

4 The reluctance of consumers to move away from familiar 
products and buying habits, together with a reluctance to  
‘pay for new technology’ and the perceived health and safety 
risks associated with novel food products, can be a barrier.

Innovations within food supply chains9

Some examples of innovations within the food sector that have enabled 
global food supply chains are these:

Chemically synthesized fertilizers, herbicides and 
pesticides that promote crop growth and protect crops 
from weeds, insects and other pests

These are very important to maintain food security for the present 
and future. However, the manufacture and use of these chemicals has 
to be monitored very closely. Modern fertilizers stem from a chemical 
engineering breakthrough pioneered in 1908 by Fritz Haber, who 
developed a process to synthesize ammonia by reacting hydrogen and 
nitrogen. In 1918, he was awarded the Nobel Prize in Chemistry for 
this discovery. The herbicidal activity of glyphosate, which is nor-
mally used as a pesticide, was first discovered in 1970 by Monsanto’s 
John Franz, for which he received the National Medal of Technology 
in 1987 (the highest honour awarded to leading innovators in the 
United States by the US president). The research around producing 
high-yielding disease-resistant seeds has also been controversial, but 
with the objective of trying to meet future food security. Other recent 
innovations within the field of agriculture have been focused around 
the use of ICT for farm management, online connectivity and access 
to databases. The use of mobile phone apps (especially in Africa), 
enabling animal health workers and farmers to diagnose livestock 
illness accurately and find the most effective drugs to treat the disease, 
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has been revolutionary. New cooperatives, food hubs and supply 
chain models (for example, Amul Cooperative in India) help small 
farmers to obtain access to markets and derive a livelihood from their 
produce.

Advanced food-processing techniques

These processing techniques add nutrients and improve the aesthetic 
appeal of the food. Processing can enable sourcing from across the 
globe, and long-distance logistics can extend the shelf life. Advanced 
processing can remove micro-organisms, reducing spoilage and food-
borne illnesses. Modern food processing can also improve the quality 
of life for people with food allergies by treating the food to remove the 
allergens (for example, gluten-free, dairy-free and so on) and for diabetics 
(by reducing sugar content and providing sugar-free alternatives).

Modern-day packaging innovations

These include traditional metal cans, newer multilayer packages that 
allow foods to be heat-sterilized within the package, and packages 
with oxygen and carbon dioxide levels that slow ripening (for example, 
pineapple chunks) and spoilage.

Food preservation through sterilization

This is a key aspect of any food-packaging operation. The ability to 
sterilize foods to protect them against spoilage by oxidation, bacteria 
and moulds has been very useful. Some other techniques are high- 
temperature pasteurization and canning, refrigeration and freezing, 
chemical preservatives (using such compounds as sulfite, sodium  
nitrite, ethyl formate, propionic acid, sorbic acid and benzoic acid) 
and irradiation.

Aseptic packaging

This process allows many products once considered perishables, such 
as milk and juice, to be packaged, distributed, and stored for months 
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or longer without the need for refrigeration, irradiation or chemical 
preservatives. During packing, both the food and the packaging are 
sterilized at high temperatures for very short periods. The sterile con-
tainers are then filled in a sterile atmosphere.

Advanced packaging options

Slowing the ripening process in fresh fruits and vegetables and pro-
tecting perishable foods against spoilage have helped source food 
from across the globe. One of the innovations that facilitated this is 
vacuum packaging, in which the food is first placed into a gas- 
impermeable bag and then the air within the bag is vacuumed out 
and the bag sealed. This process reduces the oxygen inside the bag, 
so that the microbes that spoil food cannot survive. Vacuum packag-
ing has been further improved to create controlled-atmosphere 
packaging (CAP) and modified-atmosphere packaging (MAP). 
During CAP, oxygen and carbon dioxide levels inside the food pack-
aging are controlled in order to limit fruit and vegetable respiration 
and reduce the amount of off-gas ethylene produced. In MAP, which 
is an advanced version of CAP, a customized blend of inert (non- 
reactive) gases (most often carbon dioxide and nitrogen) is pumped 
into the shipping container and the food package to replace oxygen 
in the ‘head space’. This not only slows ripening, but also prevents 
many natural reactions that cause foods to spoil. In both scenarios, 
the outer packaging is such that it allows the gas generated through 
the slow ripening to escape, but does not permit oxygen to enter the 
package.

Other examples

Some of the other innovations in food processing have been the for-
mulation of artificial sweeteners and artificial flavours, and fast-
cooking foods and frozen/freeze-dried foods. Fast-cooking, or ‘instant’, 
foods, such as quick-cooking rice, canned soups, packaged bake 
mixes, and canned and frozen vegetables, are often prepared by  
hydrating and then pre-cooking the foodstuff, after which the treated 
products are dried to reduce the moisture content and prolong shelf life.
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The advent of online grocery-buying mechanisms has revolution-
ized the processing, packaging, storage and delivery of food products. 
In an era of instant buying from the home, food retailers and super-
markets have had to change the way they do business and stock certain 
products. The advent of loyalty cards also helps the food supply 
chain to understand buying patterns and forecast demand to manage 
food inventories and thus reduce food waste.

Sustainable initiatives, food security, obesity challenges and nutri-
tional requirements are pressing food-sector companies to rethink 
their processes and create solutions to solve these future problems. In 
a recent funding call by InnovateUK (an executive non-departmental 
public body, sponsored by the Department for Business, Innovation 
& Skills), £11m is being provided to obtain improved food supply 
chain efficiency. The agency will provide funding to improve the  
resource efficiency and resilience of the food and drink supply chain 
as part of the Sustainable Agriculture and Food Innovation Platform 
(SAF-IP).10 The focus is for companies to develop innovative ways to:

 ● reduce the production of food waste;

 ● use resources such as energy, water and raw materials more 
efficiently;

 ● improve the productivity of food manufacturing and 
processing operations;

 ● improve the resilience of the food supply chain by making 
better use of resources and reducing environmental stresses  
on food systems.

This provides an important insight into the future of the food supply 
chains.

Case examPle Types of functional products11–14

From a product point of view, the following classification is proposed:

 ● foods fortified with additional nutrients (labelled fortified products), such as 
fruit juices fortified with vitamin C, vitamin E, folic acid, zinc and calcium;
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 ● foods with additional new nutrients or components not normally found in a 
particular food (labelled enriched products), such as probiotics or prebiotics;

 ● foods from which a deleterious component has been removed, reduced or 
replaced by another with beneficial effects (labelled altered products), for 
example fibres as fat releasers in meat or ice cream;

 ● foods in which one of the components has been naturally enhanced (labelled 
enhanced commodities), for example eggs with increased omega-3 content.

Case examPle  Detecting counterfeit whisky through the 
bottle15

The Food and Drink iNet supported a collaborative research and development 
project that allowed researchers to adapt a technique to detect counterfeit whisky 
without opening the bottle. The research used a technique which was originally 
developed from novel technology designed and built by the Space Research 
Centre, Leicester, for astronomical research. It relies on detecting the differences 
between the characteristics of light reflected from printed packaging for use in 
the pharmaceutical world. The research project was conducted by a team from 
the University of Leicester, Perpetuity Research and Consultancy International. 
Fake and adulterated whisky costs the industry an estimated £500 million in lost 
revenue every year. The outcome is an innovative process to detect counterfeit 
product without having to test it. Since news of the technology and its potential 
application was revealed, there has been interest from around the world. The 
project was crowned Food and Drink iNet Innovation Champion 2011 in recognition 
of the exciting potential for the technology in the food and drink sector.

Summary

This chapter has presented a discussion of innovation within the food 
sector. Innovation is represented as institutional, technological or  
social. The chapter also discussed the challenges with product design 
and consumer preferences and then presented a brief synopsis of the 
research commissioned by DEFRA in 2007 with regard to innovation 
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in the food sector. Finally, the chapter presented some examples of 
current innovations in the food sector.
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13Sustainability 
challenges in  
food supply chains

This chapter presents a discussion of the sustainability challenges 
in the food supply chain. Sustainability is at the heart of all dis-

cussions within the business world. It pervades all levels of the opera-
tion and throughout the supply chain. The baseline for designing and 
running all operations must stem from the requirements to meet sus-
tainability criteria. This is no longer a voluntary activity and organi-
zations will have to meet a host of statutory regulations to achieve 
sustainability. The food supply chain is a very complex network of 
entities and spans a number of activities that are governed by statu-
tory and market norms. If these are not met, the food supply chain 
will collapse. This chapter briefly looks at the idea of sustainability 
and then maps it across the different entities of the food supply chain. 
The aim is not to provide a detailed guide (this is not possible owing 
to the breadth of the various regulations and areas) but a synopsis of 
the things to consider within the sustainable food supply chain.

Sustainability – the origins of the idea

One of the first occurrences of the term sustainability associated with 
agriculture was in the 1980s when Fearnside1 discussed ‘the effects of 
cattle pasture on soil fertility’. In the following years, other authors 
adopted the term: for instance, Douglas2 used it for a conference 
on agricultural sustainability and published a book chapter about 
agricultural sustainability, which gave the term ‘sustainability’, or its 

206
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adjective ‘sustainable’, a new dimension: the environmental perspective. 
In 1983, the UN established the World Commission on Environment 
and Development (WCED) 4 as an independent expert commission 
based in Geneva. The purpose of this commission was the develop-
ment of a viable long-term report about global environmentally 
friendly development extending to the year 2000 or even further.  
In 1987, Brundtland et al3 eventually formulated the expression 
‘sustainable development’ with the often-cited sentence: ‘Humanity 
has the ability to make development sustainable to ensure that it 
meets the needs of the present without compromising the ability of 
future generations to meet their own needs.’

The WCED was officially dissolved at the end of 1987, after it re-
leased the ‘Brundtland Report’ (officially: ‘Our common future’) and 
continued in April 1988 as the Centre for Our Common Future, in 
Geneva; it was reactivated for the Rio conference in 1992. It was the 
Brundtland Report that started to coin the present common under-
standing of sustainability by clearly addressing three perspectives, 
namely ‘economic and social systems and ecological conditions’.4 
The release of the Brundtland Report triggered a change of thinking 
in respect of the term sustainability. Its meaning as it was used before 
1987 – the ability to sustain – changed to a triangle, which included 
the components economics, humanity and environment.

At the beginning of the 1990s, the first articles linking sustainability 
to the energy problematic were published. For instance, Parthasarathi5 
highlighted the necessity of a shift of energy sources, particularly for 
rural areas. As alternatives to conventional sources of electricity, 
Parthasarathi suggests photovoltaic and solar technology, as well as 
biomass-based systems. The studies in the early 1990s also focused on 
the predicted shortage of fossil fuels and the understanding that being 
sustainable in the generation and supply of energy means aiming for 
renewable energy production. Weizsäcker6 had concerns about the 
waste of resources in developed countries and draws a scenario of 
how destructive it would be if the developing countries catch up to 
the natural resource per head consumption of the developed countries.

One of the most often quoted definitions of sustainability is the 
triple bottom line (TBL) model, introduced by Elkington, which  
divides sustainability into three bottom lines: a) economic prosperity; 
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b) environmental quality; and c) social equity.7 Elkington chose his 
words very carefully when he came to define the term sustainability. 
He particularly used the established expression ‘bottom line’ to develop 
his model, a term widely used in financial terminology for evaluating 
a company’s monetary success or failure.

Sustainable supply chains

In the academic literature, sustainable supply chain management is 
used synonymously with corporate social responsibility (CSR), green 
supply chain management (GSCM), environmental purchasing, value 
chain management and ethical purchasing. The terminology is vague 
and not precisely defined. Sustainable supply chain management is 
thus considered in this book to be the umbrella term that considers 
all three bottom lines together: economic, social and environmental. 
It is thus suggested that when designing the supply chain, all three 
bottom lines must be considered and how these interact with each 
other in the fulfilment process.

GSCM is often equated with sustainable supply chain management 
(SSCM). The principle of GSCM is prevalent in various different  
industries. Wang et al8 find that it is important to implement three 
facets in order to achieve a green supply chain:

 ● green foods;

 ● green environment and equipment;

 ● green management and social responsibility.

Retailers and big brands are constantly in the public eye and under 
observation, not only by non-government organizations (NGOs), 
government institutions and shareholders, but also by their customers 
and stakeholders.9 Styles et al10 note that retailers are in a very good 
position to introduce and enforce supply chain eco-efficiency meas-
ures. The authors suggest environmental performance benchmarking 
of suppliers and third-party certification as efficient environmental 
initiatives. Consumer awareness is created by labelling products with 
the relevant environmental metrics. Anderson11 discusses the value of 
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localization of supply chains in working towards sustainability. It is 
found that the main benefit for local sourcing is the improvement to 
the environmental bottom line owing to the reduction in transport. 
Not only that, but local sourcing, which is demonstrated by the authors 
using the example of a food supply chain, can be beneficial for the 
local community.

Sustainable food supply chains

The UK Sustainable Development Commission12–14 has combined many 
different stakeholder views to produce an internationally applicable 
description of ‘sustainable food supply chains’ as those that:

1 produce safe, healthy products in response to market demands 
and ensure that all consumers have access to nutritious food 
and to accurate information about food products;

2 support the viability and diversity of rural and urban 
economies and communities;

3 enable viable livelihoods to be made from sustainable land 
management, both through the market and through payments 
for public benefits;

4 respect and operate within the biological limits of natural 
resources (especially soil, water and biodiversity);

5 achieve consistently high standards of environmental 
performance by reducing energy consumption, minimizing 
resource inputs and using renewable energy wherever possible;

6 ensure a safe and hygienic working environment and high 
social welfare and training for all employees involved in the 
food chain;

7 achieve consistently high standards of animal health and 
welfare;

8 sustain the resource available for growing food and supplying 
other public benefits over time, except where alternative land 
uses are essential to meet other needs of society.
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A lot of effort is required to make changes to the ways in which com-
panies work to make supply chains more sustainable. Food businesses 
need to look closely at their operation (employee training and welfare, 
eco-efficiency, innovative ‘cleaner’ production and waste management) 
and at their own products (food quality, safety, labelling).

Measuring sustainability

Using the TBL concept as a base, measurement of sustainability can 
be done on three fronts:

 ● economic sustainability: financial measures (profitability, 
return on investment, etc);

 ● environmental sustainability: measuring the impact of 
businesses and processes (carbon emissions, packaging waste, 
fuel consumption, energy usage, etc);

 ● social sustainability: measures the social impact (labour 
conditions, pay scales, investment in the community, fair and 
ethical pricing, etc).

Large retailers will measure sustainability parameters as a part of 
their supplier selection programme and then review the parameters 
on renewal. One of the main concerns of businesses with sustainable 
implementation is the impact on costs. Also, it is difficult for a majority 
of companies to look at this strategically. Small and medium-sized 
enterprises will find it difficult to invest in sustainable operations; 
however, if they are a supplier to large multinationals, they will need 
to implement sustainability.

One of the methods that helps in measuring environmental per-
formance is ‘life-cycle analysis’ (LCA).15 This tool is used to model 
the environmental impact of a product over the lifetime of the product. 
ISO 14040 (2006)16 standardizes the LCA process:

1 Define the goal and scope of the LCA.

2 Conduct a life-cycle inventory analysis (studying the 
environmental impact throughout the life cycle of a product).
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3 Create an impact-assessment scoring sheet.

4 Interpret the results and identify the most important 
environmental impacts.

It is difficult to create full LCAs for a food product when mapping it 
from farm to fork, as there are too many processes and it is not clear 
which variables need to be considered in the analysis (for example, 
use of pesticides in farming, fertilizers and so on).17 A new modifica-
tion to the LCA tool was created by Sala et al,18 which measured not 
only the quantitative environmental impact but also attributes of, for 
example, social policy. Sala et al took this idea further and created the 
‘Life-cycle Sustainability Assessment’ methodology:

 ● Ecological footprint: indicates the quantity of land required to 
provide resources for a specific activity.

 ● Carbon emissions: greenhouse gas emissions from running 
processes.

 ● Carbon footprint: negative environmental impact associated 
with economic activities.

 ● Food miles: the distance travelled by a food product or the 
components of the product from source to consumption.

 ● Eco-labelling: Eco-labelling and social labelling are market-
based mechanisms designed to demonstrate that products have 
been sourced with due regard for social and environmental 
consequences.19 An eco-label may describe a product as 
‘environmentally friendly’ or a social label may give some 
guarantee about the labour conditions under which the 
product was produced. However, Gadema and Oglethorpe20 
conclude that, even though most consumers in UK 
supermarkets are influenced by carbon footprint labels on 
products, voluntary labelling as currently practised does not 
improve the environmental impact of food products 
significantly.
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Developing sustainability within food 
supply chains

Sustainable production

Sustainable production is about making sure that the ecosystem is 
not harmed when growing food. This also relates to animal welfare 
and soil conservation. Sustainability in agriculture will follow the 
three lines of thought – economic, environmental and social/ethical. 
Agriculture will be sustained and food will be produced in abundance 
in the future only if the sector survives, and this will happen if farmers 
and producers are economically sustainable. When farmers get the 
right price for their produce, access to finance and become better 
skilled in order to move up the value chain, they will be financially 
stable and able to innovate and grow the sector.

Environmentally, the sector is facing challenges on account of 
water shortage. Sustainable agriculture practices will make sure that 
water is conserved and farming techniques developed that use less 
water. Also, the use of energy has to be controlled. Ironically, a majority 
of small farms in the developing world will be in areas that are not 
electrified. The use of pesticides and fertilizers that are harmful to the 
ecosystem needs to be avoided, and organic farming techniques can 
be learnt to get better produce and maintain the environment. Crop 
rotation will also help to maintain the integrity of the soil.

Sustainability also relates to social/ethical practices, which will  
involve getting a fair price for the produce and creating communities 
that have access to schools, drinking water and so on. Processes that 
take animal welfare into account will also be important for the meat 
supply chain.

Diageo, a global drinks manufacturer, considers the following factors 
when discussing sustainable sourcing of agricultural produce:21

1 legal compliance: complying with national and sustainability-
related regulations;

2 environmental impact reduction: reducing water use and 
pollution, preventing soil erosion, protecting biodiversity  
and reducing energy and carbon use;



Sustainability challenges in food supply chains 213

3 socio-economic impacts: ensuring fair working conditions and 
health and safety, and eliminating child labour.

Sustainable processing

Sustainability in food processing or manufacturing focuses on a number 
of aspects. From an operational aspect, sustainable food manufacturing 
is about the level of resources utilized and the waste that is generated 
by the process. Most organizations, when considering sustainability 
within their manufacturing operations, will work towards reduction 
of water and energy use, reduction in greenhouse gas emissions and 
reduction in waste.22

The approach of Premier Foods,23 a leading UK company with 
regard to sustainable food manufacturing, is to use fewer resources 
and generate less waste. The company focuses on the following six 
factors with regard to sustainable manufacturing:

1 Carbon footprint: The company works on reducing its  
carbon footprint by reducing carbon dioxide emissions from 
energy consumption in manufacturing, transportation and 
logistics operations and waste. It follows the greenhouse gas 
protocol.

2 Energy consumption: The company actively maps out energy 
use within manufacturing and has created energy reduction 
action plans.

3 Packaging design: The company has built joint plans with the 
Waste Resources Action Programme (WRAP) to reduce food 
waste, improve packaging design for recyclability and reduce 
product and packaging waste.

4 Transport: Although not directly connected to manufacturing, 
it can still be considered as an extension of the process.  
The company works towards reducing food transport miles.  
It works actively with third-party logistics providers (3PLs) 
and hauliers to achieve its objectives.

5 Waste: Reducing waste generated through processing and 
waste generated on site (paper, plastics, metal cans, etc).  
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The company also works on reducing excess production of 
food and food waste in general.

6 Water: The company has a commitment to use less water in  
the operations and is also a signatory to the Federation House 
Commitment (FHC2020) on water reduction. Water management 
and alternative sources of water conservation and harvesting 
should be considered.

Unilever24 operates a similar strategy and has included the following 
four initiatives:

1 reducing the environmental impact of new production facilities 
– either new factories or new production lines;

2 reducing the impact of all existing factories;

3 making its global and regional purchasing more efficient;

4 embracing new technologies.

Sustainable logistics and retail

Sustainability practices within the logistics and retail environments 
are focused on reduction of energy use and subsequently reduction of 
carbon emissions. The Carbon Trust25 suggests that the retail sector 
should focus on reducing energy consumption by focusing on:

 ● Lighting: Work towards cutting energy costs by improving the 
lighting in the retail environment. This will help to reduce the 
carbon footprint and improve the working environment for 
your staff.

 ● Refrigeration: Make the refrigeration systems more efficient by 
utilizing them efficiently or upgrading and replacing 
equipment.

 ● Energy management: Monitoring energy use across the 
operation and developing action plans and training  
for staff.

Retailers will also work towards waste reduction and water con-
servation within their environments.
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Sustainable or green logistics is about cutting down on energy use 
(fuel consumption) and reducing carbon emissions. The environmental 
effects of retail logistics are:26

1 greenhouse gas emission: carbon dioxide released in the 
atmosphere due to the burning of fossil fuels;

2 pollutants from vehicle exhaust;

3 noise pollution;

4 waste generated from packaging that is required to ease 
transportation.

Food retailers and logistics companies will need to reconsider and 
map routes to reduce energy consumption, and this will include 
thinking of cleaner multimodal transportation, for example using 
railways and waterways where possible. The development of port-
centric logistics has helped to reduce road miles travelled by containers 
and increased the use of distribution centres (DCs) at the ports as the 
main points of distribution. There is also a need to utilize vehicle  
capacity effectively in order to reduce vehicles’ empty running. The 
logistics sector is currently trying out alternative fuels and also train-
ing its employees to reduce fuel consumption by driving effectively.

Sustainable sourcing

Sustainable sourcing ensures that, to the best of the food supply 
chain’s ability, products or goods purchased have no, or a limited, 
negative impact on the communities and ecosystems from which they 
are sourced.27 The definition put forth by IGD discusses the impact of 
the food supply chain on the environment and society. There is no 
clear-cut definition as such on sustainable sourcing, as people tend to 
use various terms within the domain. Green purchasing, responsible 
purchasing, green procurement and ethical purchasing are all terms 
used for the same process, which is about sourcing and purchasing 
raw material for the downstream supply chain. Complexity arises 
from the source and how the material is obtained. For example, palm 
oil sourced from the Far East has environmental impacts of defor-
estation, leading to a threat of extinction of orangutans. So a harmless 
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purchasing decision to buy palm oil for your manufacturing opera-
tion can trigger a process in which forests are razed to make way for 
land to grow more palm trees; thus, the impact of the decision, per-
haps not known or not projected at the time of purchase, makes the 
process highly complex and one that requires immediate attention as 
a management activity. The TBL concept may appear to be a very 
simple approach, but it has sufficient strength as a framework to 
make us think when we set about our management tasks. In the con-
text of this book, sustainable sourcing is defined as an activity that 
meets the TBL objectives of the organization. This is very simplistic 
and there is a lot of debate as to how many organizations can in reality 
achieve the triple objective, with people often citing the horsemeat 
scandal or the plight of the smallholders in developing countries. The 
focus here is not to demonstrate that this is a perfect framework, but 
more a framework that prods the person taking the role of the buyer 
to think about priorities and take responsible decisions. The criteria 
for a sourcing strategy can be based on the UN Global Compact 10 
framework, which was discussed in Chapter 8. Some of the factors to 
consider under sustainable sourcing are:

1 Economic sustainability: this is applicable for both the 
buyer and the supplier. The CSR commitment of the buyer 
organization will steer it to be economically sustainable (which 
means making sufficient returns to stay in business), as it 
affects shareholders, employees and local society. However,  
the other side of the coin makes it important that it treats its 
suppliers fairly so that they stay in business too. Driving down 
prices to make profits but eventually closing down the supplier 
network is not a sound strategy. Hence, the UN, WTO, FAO, 
UNIDO and other such organizations advocate strengthening 
the economic status of the agriculture sector in the developing 
world in order to maintain the supply for the present and for 
the future.

2 Environmental sustainability: this is about working on 
initiatives through the sourcing strategy to make sure that the 
supplier network is not harming the environment. This can 
happen on two counts: the buyer drives down prices, which 
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creates a situation where the supplier takes shortcuts (not 
treating waste, because it is costly, and instead letting it escape 
into water bodies, harming the ecosystem); or the supplier,  
of its own accord, in order to make more profit, behaves 
unethically and uses certain chemicals (as seen in the Chinese 
milk case study), commits to deforestation in order to obtain 
more land, or does not care about carbon emissions and use of 
resources as it thinks that it is not monitored on these grounds. 
It is true that most organizations will have a sustainable 
sourcing policy, but they may not have stringent measurement 
processes. They will know about a breach only when the issue 
turns into a crisis.

3 Social/ethical sustainability: this is about working on initiatives 
that provide benefits to the supplier network and to society in 
a fair and ethical way. A fair price for produce, a living wage, 
good and safe working conditions, absence of child and forced 
labour, skilling local communities and increasing the capability 
of the supplier base are some of the ways in which buyer 
organizations can help through their strategic sustainable 
sourcing policies.

Most large organizations will have a sustainable sourcing policy 
which will not only be based on commitment and intent but will be 
framed around many legal regulations, statutory certifications and a 
host of voluntary self-certification schemes, which are helpful as they 
provide the framework for sustainability but also prove to the con-
sumer base that the company is actively working on these initiatives. 
For a detailed look at a sustainable sourcing policy and operational 
guide, please see Unilever’s sustainable sourcing programme for agri-
cultural raw materials.28,29

Case examPle  Various initiatives within food supply chains

The governments of various countries, the UK (DEFRA), European Union, United 
Nations, World Trade Organization, Food and Agriculture Organization, United 
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States Department for Agriculture and the ILO, among others, have initiatives that 
promote food sustainability and good agriculture practices. There are many 
initiatives that have been started by NGOs and collaborative partnerships between 
food-sector companies to help with specific areas of food sustainability and 
create voluntary and industry-led certifications. Some of these initiatives are:

 ● EurepGAP;

 ● GlobalGAP;

 ● Common Code for the Coffee community;

 ● Sustainable Agriculture Initiative Platform;

 ● Roundtable on Sustainable Palm Oil;

 ● United Nations Millennium Development Goals;

 ● Fairtrade Foundation;

 ● Ethical Tea Partnership;

 ● Forest Stewardship Council;

 ● Marine Stewardship Council;

 ● Ethical Trading Initiative;

 ● International Cocoa Initiative;

 ● Carbon Trust Foundation.

This is not an exhaustive list, but it provides an insight into the activities being 
conducted on various fronts across the food supply chain.

Case examPle  Just Eggs – recycling egg shells to make filler 
for plastics30

Egg shells are a waste by-product of the egg-processing industry. Egg-processing 
companies have to bear the cost of sending these egg shells to be disposed of at 
landfill sites, costing thousands of pounds and creating waste. This case study  
is about ‘Just Eggs’, an egg-processing company based in Leicester, UK. This 
company processes around 1.3 million eggs per week, creating 10 tonnes of  
egg shells. The cost of disposing of these egg shells was £30,000 per year.  
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The challenge was to transform this waste and reduce the costs to the company. 
The Food and Drink iNet, UK, funded a Collaborate to Innovate project involving 
researchers from the Department of Chemistry, a company – Integrated Food 
Projects, and a number of egg-processing SMEs in the East Midlands of the UK.

This project is working on extracting glycosaminoglycans (GAGs), proteins 
which are found in egg shells, to convert into fillers for manufacturing plastics and 
also to use within biomedical applications. The aim is to reuse proteins and 
calcium carbonate from the egg shells to transform into packaging material (even 
turning this into packaging for fresh eggs). This case highlights that there are 
opportunities for innovating within the food supply chain to reduce food waste and 
transform it into a new product – helping the sustainability agenda and creating 
further economic benefits.

Summary

This chapter has introduced the origins of the term sustainability and 
discussed how this related to supply chains. The sustainable supply 
chain is a very important area of work both in the practitioner world 
and in academia. The chapter gave a brief synopsis of what this is and 
then applied it to the food sector. The activities within the food supply 
chain were considered individually from the aspect of sustainability, 
and the chapter discussed how sustainability is achieved within these 
activities. Finally, a few case examples were provided to wrap up the 
discussion.
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and economic 
regeneration

The food sector is an important part of any national economy as it 
has a product that will never fail to have a demand. This product 

in any form will be valid as the population on our planet increases on 
a daily basis. However, a need and a want have different connota-
tions and as the food sector creates more innovative products and 
varieties, it works hard on the wants of the consumers. The food sector 
has realized that margins are greater for the wants and not the needs 
of the end consumers. Hence, certain products are marketed and sold 
not as staple products but more of a lifestyle choice (for example, 
Starbucks coffee). During the recent economic downturn it was  
evident that the food industry (although it may have had to deal with 
increased costs) did not face any demand challenges. On the other 
hand, when consumers did not have disposable income to spend on 
material goods, they spent more on food (as a small luxury – take-
aways, chocolate bars and so on).

Although large food companies and their supply chains are organ-
ized, the global food sector is largely unorganized in nature, ranging 
from a one-person food service to off-licences to food/grocery retail 
environments. The food sector (along the supply chain) employs a 
considerable number of people providing the necessary economic  
activity. Recognizing the potential of the food sector (mainly food 
processing), the governments of various countries such as India, 
Thailand, Malaysia and Brazil have started focusing on creating the 
necessary infrastructure to facilitate this industry. For infrastructure 
and capital investment, the impetus should come from appropriate 
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government policy, wherein there is a long-term view for the sector. 
This chapter will consider some of these activities and the challenges 
involved in implementing them.

Infrastructure development for the food 
sector

Logistics infrastructure

As nations compete with each other to get a share of the global economy, 
the food sector has been identified in developing countries as one sector 
that can help the lives of millions of people living below the poverty 
line. As the majority of the producers live in rural areas of developing 
countries, the development of logistics infrastructure is key to the 
growth of the food sector. Logistics infrastructure is required to create 
efficiencies of scale and to reduce the excessive post-harvest food 
loss. As the food-processing industry increases its capacity and gener-
ates products for the organized retail environment, the importance of 
effective, safe and efficient logistics is paramount. A major quantity 
of food produced in the developing world is lost after harvest owing 
to too few warehouses (to store the harvest), lack of road/rail (to 
deliver the harvest to the next stage of the chain) and a lack of cool 
chains. The need to develop sustainable solutions for all processes 
requires governments and the logistics industry to develop policies 
and practices that will lead to sustainable movement and storage  
of goods. The integration of transportation networks to create opti-
mized and efficient movement of goods and reduce carbon emissions 
has led many governments to think of using rail as a transport mode 
of choice rather than roads. However, in developing countries, road 
building in rural areas will take preference over rail infrastructure,  
as connectivity to individual villages through roads (the last mile) is 
required. The integrated nature of the infrastructure will therefore 
use the road networks to access the rail networks, making roads the 
main mode of goods transportation in some countries. In some coun-
tries the use of waterways and coastal routes may have a wider impact. 
The building of dedicated rail-freight corridors within Thailand and 



Sustainability and future challenges224

India has taken precedence in the infrastructure-building process. 
This affects the agriculture industry, as the movement of agri-produce 
for export will require connectivity from the farm to the port, which 
will include a network of roads and rail with connectivity to the port 
also becoming a major hurdle in some countries. Some governments 
have planned warehousing and logistics cities along the freight cor-
ridors. The following is a synopsis of the logistics plans for India:1

1 Dedicated rail-freight corridors: initially two planned corridors 
between Delhi–Kolkata and Delhi–Mumbai, and a plan for 
three other routes.

2 Coastal freight corridors: along major coastal regions in the west 
and east of the country through integrated connectivity that 
includes last-mile rail and roads, trans-shipment hubs and ports.

3 National expressways: construction of major expressways by 
2020 to increase connectivity, with the aim of reducing lead-
times and increasing operational efficiency.

4 Last-mile roads: links to connect ports and railway terminals 
to production and distribution centres.

5 Multimodal logistics parks: situated along transport corridors 
with warehousing and distribution facilities.

6 Roads to connect villages to the main network.

These plans are important for India’s growth in the food sector with 
the advent of mega-food parks, intensive farming, higher levels of 
food processing and the changing retail environment with the entry 
of organized food retailing.

Food clusters and enterprise zones

Broadly, the food-processing cluster consists of enterprises whose 
principal activities are the growing, harvesting, processing and/or  
distribution of food.2 The food processing cluster will include:

 ● Producers: farmers who are the input to the processing chain.

 ● Farmer processors: these utilize their produce to create value-
added products and attempt to differentiate them from those 
in the marketplace.
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 ● Food processors: these enterprises are not engaged in farming, 
but they use farm products as raw materials.

The cluster will also include other supporting organizations:

 ● suppliers to the processing companies – packaging etc;

 ● accounting and law firms;

 ● engineering and process-design firms;

 ● marketing and design firms that promote and package 
products;

 ● distribution firms;

 ● research and development centres;

 ● educational institutions: skills in farming and food processing.

In Europe, the European Food Cluster Initiative3 has been designed 
to bring together expertise across the European regions by establish-
ing European clusters of coordination in order to enhance regional 
research, capacity building and regional economic development with 
significant impact at local level.

Food parks and hubs

In Europe, an initiative to create location-specific agricultural clusters 
called agroparks, which bring together agro-food production and  
related economic (processing) activities, is under way. Agroparks  
aim to increase sustainability by higher resource productivity, better 
utilization of agriculture produce, utilization of waste products  
and by-products of the agriculture process, and the deployment of 
new technologies. Agroparks link various food and non-food-related 
businesses, to enable close material flow cycles, creating more sustain-
able production and better economic benefits (InnovatieNetwerk).4

In India, the mega food park concept aims to provide a similar 
mechanism to agroparks, but focused more on the entities in the agri-
chain. The primary objective of the scheme is to facilitate establishment 
of an integrated value chain with processing at the core and sup-
ported by the requisite forward and backward linkages in the supply 
chain, with access to appropriate infrastructure such as cold chains, 
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preservation facilities, pack houses and so on. The UK has also been 
moving towards developing food parks.

The basic infrastructure requirements for food parks, as seen from 
India and the UK, are:

1 Basic amenities required in the premises will be: power 
generation and power distribution (or availability – depending 
upon the size of the park), water, telecommunications, internet 
connectivity and waste handling.

2 The availability of food-grade premises for production is an 
ever-present barrier for manufacturers. ‘Standard’ business 
units can be converted to conform to food and environmental 
health standards, but this can be expensive and incurs ongoing 
costs to maintain them. These costs inhibit manufacturers’ 
growth by drawing cash away from investment opportunities. 
The food park will have modern and cost-amenable food-
grade premises that conform to the highest food standards, 
including BRC Grade A, and meet the latest environmental 
health legislation. The park should have various-sized units to 
enable start-up and growing manufacturers to fulfil their 
production requirements.

3 Logistics connectivity to the markets and other multimodal 
facilities.

4 Facilities to conduct food-based and bioengineering research.

5 Warehouses and cold storage facilities.

6 Food testing laboratories: quality control and standardization 
are important for the preparation of high-quality foods by 
local industries. This will also provide service to SMEs and 
micro-SMEs, which will not have the funding capability to 
have their own laboratories.

7 For large parks with exporting companies, it will be useful to 
incorporate the provision of certification.

8 Access to knowledge and skills training through agencies in the 
park or proximity to educational establishments.

9 Business centre facilities: access to training rooms, new product 
development kitchens and food training facilities, meeting rooms.
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Food hubs

A 2010 report5 by the US Department of Agriculture (USDA) Economic 
Research Service noted that one of the main constraints to the entry 
and expansion of local foods is the ‘lack of distribution systems for 
moving local foods into mainstream markets’.6 This need has created 
an emerging local collaborative model called the ‘food hub’. USDA’s 
working definition of a regional food hub is ‘a business or organiza-
tion that actively manages the aggregation, distribution and marketing 
of source-identified food products, primarily from local and regional 
producers to strengthen their ability to satisfy wholesale, retail and 
institutional demand’.7 Food hubs are being used increasingly as a 
way for a group of producers to access local markets for their agri-
cultural produce. Within a rural environment, food hubs represent a 
strategy for producers, particularly small and mid-sized producers, to 
market their production locally. One of the main constraints to the 
entry and expansion of local foods is the lack of distribution systems 
for moving local foods into mainstream markets. Food hubs help 
connect rural producers as directly as possible to rural, suburban and 
urban markets, with assistance in marketing their produce and creating 
pooled distribution. Food hubs can help in creating local employment.8

Training and skills9

As the food industry grows and supply chains move internationally, 
the level of automation and subsequently the demand for skilled 
manpower has increased. As with many sectors, the food sector is 
struggling to recruit skilled manpower. This has an adverse effect on 
the sector and could affect growth. The food industry employs a variety 
of managerial and professional workers:

 ● operational managers;

 ● food-manufacturing employees;

 ● engineers, scientists, and technicians;

 ● food scientists and technologists;

 ● sales and retail professionals.
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The food industry should partner with educational institutions to 
design and develop skills and training programmes from both the 
vocational and higher education aspects.

Moving up the value chain

Agro-processing is an activity that is helping smallholder farmers in 
many developing countries to produce products locally from local 
farm produce. For this to work well and to help it grow into a more 
successful, profitable agricultural sector, smallholder farmers need 
better linkages and access to markets, technology and information. 
The farmers need access to information and mechanisms that help 
them plan and sustain their businesses despite the risks of weather 
conditions and volatile prices. Investment is needed in rural areas to 
create significant improvements in basic infrastructure and services, 
access to water and better governance. The farmers need legal em-
powerment and protection of their rights and support in forming 
farmers’ organizations and cooperatives to give them more bargaining 
power.10

In a study conducted for the State of North Carolina in the United 
States11 on the economic feasibility of the North Carolina Food 
Processing and Manufacturing Initiative, the importance of an economic 
innovation ecosystem for the development of a sustainable value-
added food-manufacturing cluster was recognized. As prices in com-
modity markets stay volatile, the return to the producer from production 
is minimal. As the chain adds value to the raw material produced, the 
returns increase. Hence, the future of the agriculture sector and espe-
cially the rural smallholder sector will depend on initiatives to create 
value-added food production chains. As the producer integrates  
vertically to add value, a higher return will be received, helping to 
increase the economic sustainability of the production process and 
individual livelihoods. The strategy of first determining what con-
sumers require from the food products and then creating those products 
will provide a better economic model.12 Product differentiation and 
value addition are the future. The producers will consider themselves 
to be a part of the chain, understanding the significance of their activity 
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when they realize the consumption pattern of their product. Although 
this may be easier to put into context within a rural developed world, 
it is extremely difficult to envisage the thought process prevailing 
within a rural developing economy. It does not mean that this cannot 
happen in the developing economy. Producers will need to be trained 
and skilled to think economically, the social structures (the most dif-
ficult to break) will need to be handled, and infrastructure and finance 
will need to be provided until the upheaval has settled down.

The value-added supply chain will require a significant level of 
coordination between the entities in the chain for vertical integration. 
Within smallholder production environments, individual producers 
may not have sufficient levels of produce to create vertically integrated 
value-added businesses. In these cases, horizontal collaboration  
involving consolidation or pooling of produce, either to make one 
value-added business or having one producer acting as a buyer for 
the produce of the other smallholders, may happen. There is scope 
for creating cooperatives for value addition or entrepreneurs. Apart 
from skills and training related to farming methods and improving 
yield, skills development within areas such as contracting, processing, 
marketing, licensing and so on will help. However, different models 
for value-added chains need to be created for the developed and  
developing worlds, taking into consideration environmental factors.

Linking farmers to markets and group formation13

Strong links to markets for poor rural producers are essential for 
generating economic growth in rural areas and reducing hunger and 
poverty by accessing markets to sell their produce for a fair price. 
However, this is not possible just by accessing markets. Logistics  
infrastructure, safe storage facilities, roads and affordable transpor-
tation are required to deliver the produce to the market. Farmers will 
also need access to the latest technology, internet connectivity and 
accessibility to hardware. It will help farmers to know in real time 
about weather conditions, market prices and demand patterns. It is 
also important to understand the dynamics of the supply chain and 
the distribution of power and control among the various actors. This 
means understanding the influence that supply chain entities can 
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have over the quantity, quality and prices within the chain. As the 
supply chains form, whether led by large multinational food companies 
or through locally formed cooperatives, the terms and conditions of 
the business will have to be adhered to. As value chains grow and 
move internationally, they become better organized and more highly 
integrated and coordinated (as depicted by the entry of multinational 
food retailers in developing countries). As the supply chains get or-
ganized, the relationships among the entities tend to become more 
codified and institutionalized. Food safety, traceability and quality 
are paramount and this needs support from collaborating partners.

Case examPle  Food infrastructure in India and new mega 
food parks14,15

In 2014, the new government in India, under the leadership of Prime Minister 
Narendra Modi, launched a campaign to reduce post-harvest food loss through 
helping producers create food-processing opportunities. The government’s 
immediate focus is to bring down wastage in fruits and vegetables by stepping up 
food processing. The government expects processing in fruits and vegetables to 
go up from the current low level of 2 per cent to 6 per cent in the next five years. 
The government expects that if the wastage is turned into processed food, the 
farmer can get a better price and does not have to throw away the yield. Processing 
of surplus yield into long-shelf-life products has the potential to set up a new 
industry and increase local employment opportunities. This also creates further 
opportunities for skills training where unskilled people can be trained, creating 
economic regeneration of the region through increased economic activity. The 
government has set aside $350 million for the food-processing sector to implement 
this initiative and, as an incentive, reduced the Central Excise duty from 10 to 6 per 
cent for the sector. The government has approved 17 food parks and 20 cold-chain 
projects across the country. A mega food park provides various facilities to food 
processors, farmers, retailers and exporters, thus helping the fast growth of food-
processing industries.

Srini Mega Food Park

The Srini Mega Food Park at Chittoor in Andhra Pradesh is the first mega food park 
in India. The park facilitates end-to-end food processing with forward and 



Food sector and economic regeneration 231

backward linkages. The food park is equipped with a central processing centre 
and primary processing centres. The park provides state-of-the-art food-
processing infrastructure designed according to global standards. The park is 
supported by the government (the Ministry of Food Processing Industries and  
the Andhra Pradesh Infrastructure Investment Corporation) and supports the 
complete agri-value chain. The park sprawls over 147 acres and provides  
world-class facilities for pulping, individual quick freezing (IQF), bottling, Tetra 
Paking, modular cold storage, warehousing and advanced testing laboratories.  
It enables basic and supply chain infrastructure and cluster farming, and is  
backed by field collection centres, self-help groups and individual farmers.  
It will set up sourcing support and aims to become a major food-processing centre.

Case examPle  Rubies in the Rubble16,17

Jenny Dawson started Rubies in the Rubble, a small food-processing company 
that makes handmade chutneys and jam. She recently opened a commercial 
kitchen at the New Spitalfields fresh fruit and vegetable market in east London so 
that she could be on site to pick up high-quality produce that would otherwise go 
to landfill or compost because it stayed unsold at the end of the day. As it is 
produce that was going to be thrown away, she can pick up the leftovers free of 
charge, which means her raw material cost for the fruits is zero. The business 
works on very close relationships with the fruit and vegetable traders in the market.

Every year, millions of tonnes of fresh fruits and vegetables are discarded in the 
UK and across the world, as perfectly good produce cannot be sold as the fruits 
and vegetables, although of good quality, are not aesthetically sound. They are too 
small, too large, too ripe or too ugly to fit aesthetic criteria or last long enough to 
sit on a shop shelf for a week.

Jenny picks this produce and transforms it into chutneys and jams, which is a 
value-adding process, and has generated a successful enterprise. The company 
now works directly with growers and distributors of fresh fruit and vegetables in 
the UK. Waste occurs at multiple levels in the supply chain, and for multiple 
reasons and also according to the season. The company is able to produce 
seasonal flavours from raw material that would otherwise have been wasted.  
It has also generated employment for two other people and demonstrates  
how moving up the value chain can be economically sound. The products are  
sold online and at London’s Borough Market. The products are also available  
at gourmet food shops across the UK and are also sold in Waitrose.
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Case examPle  Development of smallholder agro-processing 
in Africa18

The Sasakawa Africa Association (SAA) works to improve post-harvest handling, 
storage and processing of agricultural produce in Africa. It works with smallholder 
farmers and small agro-processors to reduce post-harvest losses. This helps  
to increase their income and improve their livelihoods. It works on a number of 
themes, in which theme 2 focuses on strengthening the competitiveness of 
smallholder farmers. There are four activities involved in tackling post-harvest 
loss:

 ● improving post-harvest handling and storage technologies;

 ● development of agro-processing enterprises;

 ● development of post-harvest private service providers;

 ● promoting supply and maintenance of post-harvest and agro-processing 
machinery.

As part of the activity of developing agro-processing enterprises, the team works 
with poor families to create off-farm employment through agro-processing. Farmer 
groups run by women farmers are supported in setting up processing to 
manufacture food products from locally sourced crops. These products are sold 
locally and in larger cities. The food products are prepared using household 
recipes, but the women are assisted by experts in improving the nutritional aspects 
of the food and food safety. They are educated in understanding consumer needs 
and modifying the recipes to appeal to consumers. As the products are popular 
among consumers, this initiative has led to additional income for the families and 
resulted in a sustainable agro-processing unit.

The SAA team also focuses on training the women to think of adding value to 
the crops, so that the raw produce is not wasted and some of it will have an 
extended shelf life. For example, the team teach the women parboiling of rice, 
extraction of oil from groundnuts, milling for flour and producing condiments from 
soybeans.
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Summary

This chapter has presented a discussion of how the agricultural supply 
chain and sector is an important sector for any country. The chapter 
discussed the requirement for good infrastructure and logistics facili-
ties to get benefit from the agribusiness sector. The chapter also con-
sidered the various initiatives in the United States, Europe and Asia 
with regard to the development of food parks, food clusters, food 
hubs and agroparks, with the aim of supporting the food-processing 
sector and creating economic regeneration. The discussion then 
looked at ways to support poor smallholder farmers in developing 
countries in moving them up the value chain. The initiatives currently 
being used in the developing world are types of agro-processing  
techniques which help farmers to process their produce, which helps 
in two ways: (1) it reduces post-harvest food loss and (2) it helps the 
farmer generate some extra income to support the family. Finally, the 
chapter used a few case examples to highlight the points discussed in 
the chapter.
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In his most well-known work called An Essay on the Principle of 
Population, Thomas Malthus in 17981 argued that increases in 

population would eventually diminish the ability of the world to feed 
itself. He also said that populations expand in such a way as to over-
take the development of sufficient land for crops.2 Although this was 
said over 200 years ago and no one would have paid any attention to 
it, the state of the world today, the push towards food sustainability 
and predictions of population growth make the statement a very big 
challenge. Similarly, the World Economic Forum’s Global Risks Report 
(2015) identifies that food shortage is one of the biggest risks to society.3 
Food security is high on the agenda of every government and many 
activities are conducted by both government and non-government 
organizations to understand the challenge and find solutions to alleviate 
it. The first outlook is for the next 15 years and after that for 2050. 
Hence, as much as there is work being done on the ground with 
smallholder farmers and other producers, this long-term view will 
require policy making both in terms of alleviating operational diffi-
culties in production and, most importantly, within the area of tech-
nology, bioengineering and food waste. Food trade has always been 
a bone of contention between nations, as national food security takes 
precedence over market dynamics and trade. The world needs to take 
a more holistic and cohesive view of the challenge and find common 
solutions. This chapter presents a discussion on the future challenges 
we face with regard to food security. The factors affecting future food 
availability and access are studied, along with specific food security 
challenges. The chapter presents some solutions for the future.
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Food security

The Food and Agriculture Organization4 has defined food security as 
existing ‘when all people at all times have access to sufficient, safe, 
nutritious food to maintain a healthy and active life’. Food security 
can be handled at different levels:

 ● individual or household food security;

 ● regional food security;

 ● national food security;

 ● global food security.5

Although most governments and national companies would be inter-
ested only in the national view on food security, this chapter will 
consider it from the aspect of meeting global food demand. Food  
security can be considered using the following themes:

1 Availability: volume of food and its reliability.

2 Access: ability to avail oneself of the food.

3 Affordability: who can afford to pay for the food? To what 
level of income will the food be accessible to the people?

4 Nutrition and quality: what does the food contain and does it 
provide the necessary quality and purpose?

5 Safety: the food needs to be safe to eat.6

In order to make food available, accessible and affordable for all to 
eat and meet the demand in 2050, we need to understand the drivers 
behind this challenge.

Drivers of change affecting food security

The UK Government Office for Science published a report titled 
‘The Future of Food and Farming’7 in which it discussed very com-
prehensively the project that it had undertaken to investigate the 
future of food sustainability, with a long-term view as far as 2050. 
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The report considers the future demand for food and the supply  
issues. It comprehensively studies the supply issues from both a dev-
eloping and developed country perspective. The study has identified 
five challenges:

Challenge A: balancing future demand and supply sustainably;

Challenge B: addressing the threat of future volatility in the food 
system;

Challenge C: ending hunger;

Challenge D: meeting the challenges of a low-emissions world;

Challenge E: maintaining the biodioversity and ecosystems of the 
world while feeding the world.

These are all very important challenges; however; this chapter will 
focus on Challenge A from a food security perspective. This also 
means that the demand and supply issues of food availability need to 
be studied before finding out how to balance the demand and supply 
of food in the future.

Factors affecting the future of the food 
supply chain

World population and the demand for food

Based on United Nations Population Division projections, policy-
makers will assume that today’s population of about seven billion is 
most likely to rise to around eight billion by 2030 and probably to 
over nine billion by 2050.8 Most of these increases will occur in low-
income countries. Factors affecting population size will include GDP 
growth, educational attainment, access to contraception and gender 
equality; possibly the single most important factor is the extent of 
female education.9 Population growth will also combine with other 
transformational changes, such as rural to urban migration in devel-
oping countries, and will put enormous pressure on cities to cope 
with extra demand for food, water and energy.
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Changing consumer demand patterns

As developing countries increase their standard of living and salaries 
in China, India, Brazil and other countries start increasing, a growing 
number of consumers with middle and higher incomes will increase 
their food consumption, especially of meat and dairy products and 
fruits, vegetables and processed and fast foods, because they can now 
afford these items. As a result, consumption of rice is expected to 
decline in favour of wheat, both directly in wheat-based bakery products 
and indirectly via meat consumption.10

Highly processed food tends to be cheaper within the retail envir-
onment on account of economies of scale and the use of cheap ingre-
dients for manufacturing, but processed foods are dearer than fresh 
foods. However, with the move towards more sedentary lifestyles, the 
reduced nutritional quality of consumer’s diets can increase the risk 
of obesity and pose other significant social challenges.

Meat production is a resource-intensive process. A rise in the  
demand for meat will increase the demand for grain, as more grain 
will be required for animal feed.11,12 An increase in demand for fish 
will require aquacultures to be equipped with the capacity to increase 
farming. Increased grain production will require scarce land and 
water, and input materials will be required to produce more grain. 
Another effect of rising incomes involves increasing consumer con-
cerns over food safety, the environment, health, animal welfare and 
fair trade. The change in demographics within the developing coun-
tries (this will be roughly 25–30 per cent of the population) will create 
a different perspective towards the growing concentration of green-
house gases in the atmosphere, biofuels and other non-food use of 
biomass, global warming, water scarcity and soil productive quality.

Governance of food supply systems

The globalization of markets has shaped the global food system 
owing to the movement of food products from one end of the globe 
to the other. The extensive movement of people for jobs or other  
migration has created a demand for food products which normally 
would not have been available easily. The opening up of national 
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boundaries, proliferation of the internet and ICT, and reduction in 
transaction costs have facilitated trade between countries. Demand 
for varied but cheap food and in large quantities suggests that supply 
chains have to be very efficient, but also have to be safe.

In 2008, Brazil became the third-largest world exporter of agri-
cultural products after the United States and the European Union, 
exporting $55.6 billion worth of goods.13 China and India have built 
huge capacity and invested in large public stockholdings and public 
distribution systems with agricultural policies that remain  
inward-facing. There has been a trend for consolidation in the private 
sector, with the emergence of a limited number of very large trans-
national companies in agribusiness, in the fisheries sector and in the 
food-processing, distribution and retail sectors. Production subsidies, 
trade restrictions and other market interventions already have a 
major effect on the global food system, and how they develop in the 
future will be crucial. International food supply chains are subjected 
to food politics within the auspices of the WTO’s Agreement on 
Agriculture and the tussle between nations regarding import tariffs 
and subsidies. The food supply chain will also need to deal with  
food safety regulations, the SPS Agreement and so on. However, this 
is not a problem and does not affect global food security. It will also 
be interesting to study how many governments take decisions collec-
tively or individually, or whether they always act in their national 
interests and all decisions are based around that.

Climate change

Climate change and the uncertainty it brings is one of the most  
important aspects of the analysis and can change the working of  
the global markets and agriculture production. In many places, but 
particularly in poorer countries, climate change will act as a multiplier 
of existing threats to food security.14

Climate change has the potential to affect all four dimensions of 
food security:15

 ● Availability: climate change will affect food production owing 
to changes in ecological conditions; production/cultivation of 
certain plants is likely.
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 ● Stability: as weather conditions become more variable, extreme 
events will increase in frequency and severity. This will lead to 
greater fluctuations in crop yields and livestock numbers and 
reduce food supply stability and security.

 ● Access: climate change may lead to supply shortages and hence 
food price increases.

 ● Use: the impact of climate change on the reduction of food 
production will create medical issues as malnourished people 
will be susceptible to diseases. If more people fall ill, this will 
lead to a decline in productivity, an increase in poverty and 
subsequently reduced ability to purchase sufficient food, and 
so the cycle continues.

Agriculture systems will need to be innovative to deal with climate 
change. For example, some of the innovations are: development of 
low-emission farming; drought, heat or salt-resistant crop varieties; 
innovative ways to irrigate crops; and new ways to manage soil.16

Competition for resources

water scarcity

The usage of water has grown at twice the rate of population increase 
in the past century and quite a few nations find it increasingly diffi-
cult to meet water demand and deliver sustainable water services.17,18 
The problem of water scarcity is experienced worldwide. Water is the 
most precious commodity and it can cause friction between nations 
when they have common waterways. There have been instances when 
one nation has stopped water flowing to another nation, and this  
has created an international issue. Agriculture is both a cause and a 
victim of water scarcity. Food production affects water availability 
through land degradation, fertilizer runoff and disruption to ground-
water. It also affects water quality. Water is key for food security and 
the strategies for nations should be to collaborate on sharing and 
distributing water across the globe.
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energy demand19

Energy demand is projected to increase by 45 per cent between 2006 
and 2030 and could double between now and 2050. Energy prices 
are projected to rise and to become more volatile in the future. The 
food supply chain (from farm to fork) is an energy-intensive chain 
and a lot needs to be done to reduce energy at all points in the chain. 
Most corporates and large companies will have a mapped scenario or 
objective to try to reduce energy within the supply chain. This was 
discussed in Chapter 13.

Availability of land20

Overall, relatively little new land has been brought into agriculture in 
recent decades. Although global crop yields grew by 115 per cent 
between 1967 and 2007, the area of land in agriculture increased by 
only 8 per cent and the total currently stands at approximately 4,600 
million hectares.21 Land will be lost to urbanization, desertification, 
salinization and rises in sea levels. Soil degradation is an issue and 
good land is lost due to processes that erode soil (for example, the 
wrong type of crop). In addition, with an expanding population, 
there will be more pressure for land to be used for other purposes. 
While some forms of biofuel can play an important role in the mitiga-
tion of climate change, they may lead to a reduction in land available 
for agriculture.

Availability of supply

Intensification of agriculture through the use of increased pesticides, 
fertilizers and advanced irrigation methods created high-yielding sce-
narios in certain countries.22 Intensification, however, did not increase 
the land mass but created additional productivity on the same land 
mass. There is a debate regarding ‘intensification’, as some believe 
that it is the way forward, whereas others feel that intensification 
kills the potential of the land over the long term and producers should 
be using traditional methods, such as organic farming and crop rota-
tion, to manage their farms. The future land mass will be obtained via 
deforestation as people in developing countries cut down forest to 
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make way for agricultural land. Increasing pressure from biofuel 
crops is particularly strong and will impact on agricultural supply. 
The pressure to grow biofuel crops to make alternative fuel looks 
easy, but it will have ramifications in terms of how the market struc-
tures work. Farmers getting a good demand for these crops will not 
grow any other crops, thus destroying the land in the long run. This 
will also affect the supply of food grains. The barriers to growth are 
limited resources, lack of physical infrastructure and capital, poorly 
functioning distribution and marketing systems and so forth. Good 
agricultural practices and farm management techniques need to be 
studied by small businesses to increase their efficiency and productivity.

Societal

Lack of access to food is a national political problem, and could lead 
to protests, demonstrations, looting and theft if the supply chain fails 
and subsequently the retail environment shuts down. There will be 
instances where the retailer may have stock in the system and may 
survive the supplier problem. Globalization of the food environment 
is creating alliances among large food businesses to support and create 
opportunities for farmers and smallholders to get access to training, 
funding and so on. This has been done through the G8, but there are 
people who are not sure about the work that the alliance does. 
Smallholders in the developing world will need access to clean water, 
schools for children, a decent living wage, skills and training, and  
financial instruments that will be useful for growing the business.

Balancing demand and supply sustainably

The ‘Future of Food and Farming’ report23 considered the challenge 
of balancing demand and supply of food in the future and identified 
certain factors or levers that can make this happen:

1 Improving productivity sustainably using existing knowledge 
and technologies: different foods will require different levels of 
resource for their production. It is important to understand the 
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products and their impact on greenhouse emissions, soil 
erosion, requirement for fertilizers and so on. To increase 
productivity levels in line with increasing the supply, inefficient 
processes will need to be identified, including the pockets of 
waste in the system. This is a coordinated task. However, when 
modifying variables it will be essential to see what the actual 
outcome of the changes will be. A better use of scientific skills, 
knowledge and technology will be essential to increase 
production of food. Efficient production methods can be tested 
to find out which ones will be able to create increased supply 
without increasing carbon emissions. Some of the ways to 
increase skill sets and productivity are:

 – Extension services: networks and access to ICT in rural 
communities can help farmers to access the correct 
information both from the perspective of running a business 
sustainably and also making it economically strong.

 – Improving access to markets: to link farmers to the markets, 
identify market opportunities, consumer requirements and 
work within groups to understand food safety and 
environmental sustainability.

 – Land rights: strengthening the land rights of individuals 
within developing economies can provide the motivation  
to consider it as a business and invest in it for the long  
term.

 – Infrastructure: logistics infrastructure (access roads, 
multimodal connections, ports) and ICT systems are among 
the basic requirements to improve the potential of 
smallholder farms and low-income people in developing 
countries.

2 New technology and science can create processes and seeds 
that will increase yield and thus increase sustainable 
production.

3 Reducing waste: this is essential on both the supply side and 
the demand side. The loss of post-harvest produce within the 
developing world is very high owing to lack of infrastructure 
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in handling harvested food. These losses are a direct impediment 
to balancing supply and demand. There is extensive food waste 
at the retailer end (owing to mismatch of forecast and actual 
demand) and a lot of food waste in the consumers’ homes. 
These points have a direct impact on food sustainability and 
availability.

4 Improving governance of the food system: since the horsemeat 
scandal, governance of the food system with regard to food 
safety and quality has become more stringent and this will 
have to be conducted properly for the benefit of consumers. 
Global governance from agencies such as the WTO will be 
done at a higher level of activity.

5 Influencing demand: campaigns, school visits and advertising 
are some of the ways in which demand can be influenced so 
that consumers will try different things. This will help reduce 
the burden on some products.

Case examPle  Partners in Food Solutions24,25

Partners in Food Solutions (PFS) is a consortium of leading global food companies 
– General Mills, Cargill, Royal DSM and Bühler – working in partnership with the 
United States Agency for Development (USAID) to help improve food security and 
nutrition, in order to enrich lives around the world.

PFS is a non-profit organization and works on a model that links volunteers 
from the four consortium companies with small farmers and small businesses in 
the developing world. These small businesses are agro-processors and millers 
which are trying to move up the value chain. The volunteers provide expertise to 
these farmers to grow their business and also strengthen the supply chain for the 
companies involved. Since its start, 700 skilled employees from these companies 
have acted as volunteers on 350 individual projects totalling about 60,000 hours of 
work. This has helped 600 food companies in Kenya, Zambia, Tanzania, Malawi 
and Ethiopia impacting about 738,000 farmers (within the supply chain). The four 
companies each take a lead on specific areas; for example, Cargill takes the 
lead on vegetable oils, General Mills on blended flours, Royal DSM on fortification 
of staple foods and Bühler on process engineering.
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The work done with small farmers and businesses focuses on improving the 
capacity and efficiency of the processors and the quality of the products. The 
volunteers also help with product safety and regulations and nutrition requirements 
and, in general, improve the skills of the farmers and processors to help them 
manage their business.

Case examPle  Coca-Cola and water conservation26

Water conservation is Coca-Cola’s key principle and activity. It has realized that 
water is key to its sustainability. Water is used to make all the drinks under the 
Coca-Cola brand and water is used in agriculture to produce the ingredients 
required by Coca-Cola. It is essential to use less water and try to return the water 
that is used. Coca-Cola has a very ambitious goal: ‘Our goal is to return to 
communities and nature an amount of water equivalent to what we use in our 
beverages and their production by 2020.’

The company is focusing on three areas:

 ● Reducing the water use ratio. In 2011, Coca-Cola used 293.3 billion litres of 
water to make 135 billion litres of product (beverage). This is not a good sign; 
however, these figures cover the whole Coca-Cola system, which included 
300 independent bottling plants.

 ● Recycling water used in the manufacturing processes and returning it to the 
environment (water bodies) after carefully treating it.

 ● Replenishing water in communities and nature through the support of healthy 
watersheds and community water programmes.

As the performance of the supply chain was not very good, Coca-Cola worked 
with its partners to jointly develop a Water Efficiency Toolkit, which contains more 
than 60 practices that Coca-Cola bottling partners can implement within their 
plants, communities, or basins where they operate.

Coca-Cola has partnered with the World Wildlife Fund (WWF) through the 
Water+ commitment and will help challenge the forces that impact fresh water. 
WWF and Coca-Cola are working together to conserve some of the world’s most 
important places, spanning Asia, Africa and the Americas. The partnership is 
working through basin-wide engagement and comprehensive policy support to 
solve freshwater challenges in the regions of the Mesoamerican Reef, the River 
Yangtze, the river basins of the Amazon, Koshi, Mekong, Rio Grande/Bravo and 
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Zambezi; the catchments of the Great Barrier Reef; and watersheds in the Amur-
Heilong, Atlantic Forests and Northern Great Plains.

Coca-Cola is also working on improving agriculture, climate, packaging and 
water efficiency impacts with efforts in:

 ● Climate protection: reduction in product-specific CO2 by 25%, making 
comprehensive carbon-footprint reductions across the manufacturing 
processes, packaging formats, delivery fleet, refrigeration equipment and 
ingredient sourcing.

 ● Renewable packaging: Coca-Cola will work with WWF to assess the 
environmental and social performance of plant-based materials for  
potential use in its PlantBottle™ packaging. This will enable the company  
to meet its goal of using up to 30% plant-based material for all its PET plastic 
bottles by 2020.

 ● Sustainable sourcing: Coca-Cola will work to source its key agricultural 
ingredients sustainably, including cane sugar, beet sugar, corn, tea, palm oil, 
soy, pulp and paper fibre, and oranges. The company has established 
Sustainable Agriculture Guiding Principles and will work with WWF to 
implement the guidelines throughout the Coca-Cola system for these 
commodities.

 ● Water efficiency : Coca-Cola will improve its water use efficiency per litre of 
product produced, through operational advancements throughout the 
Coca-Cola system.27

Coca-Cola has engaged in 509 diverse, locally focused community water projects 
in more than 100 countries. Each project works towards set objectives, such as 
providing or improving access to safe water and sanitation, protecting watersheds, 
supporting water conservation and raising awareness on critical local water 
issues. In India, Coca-Cola set a goal to replenish more than 100 per cent of the 
water it uses in its manufacturing operations nationally. In fact, it replenished 
more than 130 per cent of the water it uses in India through supporting projects 
across the country. Projects include providing safe water access and sanitation in 
schools, building rainwater-harvesting structures, restoration of ponds, checking 
dams and interventions focused on improving water use efficiency in agriculture. 
Similar projects and goals have been set across the Coca-Cola system, with 
strong results.28
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Case examPle  International wheat initiative to improve 
wheat security29–31

Wheat is one of the world’s most important staple crops. It plays a crucial role in 
the global agricultural economy and in global food security. Wheat accounts for 
an estimated 20 per cent of calories consumed throughout the world and hence it 
is important from the aspects of world hunger and poverty. A new multinational 
initiative, the International Wheat Yield Partnership (IWYP), was launched at the 
Borlaug summit on wheat for food security, held in Mexico on 25 March 2014. The 
initiative was formed to address the rising demand for wheat around the world 
and to help raise global wheat yields and develop new wheat varieties that are 
better adapted to meet the world’s changing needs.

The partnership builds on commitments made by agriculture ministers from the 
G20 nations in 2011 to coordinate worldwide research efforts in wheat genetics, 
genomics, physiology, breeding and agronomy. Drawing on transparent collaboration 
and data sharing, the network’s goal is to increase wheat’s genetic yield potential 
by 50 per cent over the next 20 years.

The IWYP brings together members of the UK’s Biotechnology and Biological 
Sciences Research Council (BBSRC), USDA, USAID, the International Maize and 
Wheat Improvement Center (known by its Spanish acronym, CIMMYT), the 
International Center for Agricultural Research in the Dry Area (ICARDA) and 
Syngenta, as well as representatives from Canada, Australia, the UK, China, 
Argentina, Brazil, Turkey, Germany, India, Mexico, France, Japan and Ireland. To date, 
the network partners have committed $50–75 million over the next five years.

Summary

This chapter discussed the topic of food security. It presented the 
challenges that the world may face with regard to food security and 
then focused on one to discuss within the chapter. Balancing demand 
and supply of food is crucial for the future and the chapter discussed 
the various factors that are affecting food sustainability and security. 
A brief discussion regarding possible solutions was also presented. 
Finally, the chapter ended with a few case examples highlighting  
initiatives in food security.
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