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1 Our Connected Future 
and Global Food Markets 

WAYNE MARTINDALE 

1.1. A World Without Wanti 

A generation has passed since the publication of Our Common Future, also 
known as the Brundtland Report, in 1987. This report set out the need for in-
dicators and quantifiable measures of the value of sustainable development 
(Brundtland et al., 1987; World Commission for Environment and Development, 
1987). At the time, the impact of globalization was unknown and this report 
bravely set out a call to action that provided Agenda 21, the rise of non-govern-
mental organizations (NGOs) and, to some extent, the platform from which the 
current United Nations Sustainable Development Goals (SDGs) developed. It 
provided the global food system with targets or values for which baseline in-
formation was collected and future indicators and assessments of sustainable 
development could be made. This was important for food systems and the de-
livery of optimal nutrition for a global population that was projected to be 9 bil-
lion citizens within another generation. Indicators and assessment are a route 
to solutions, and they have provided a sense of vigilance for the global food 
system, but vigilance is not a call to action. We are now faced with the task of 
connecting our current understanding of the food system, where we know how 
much is produced, processed, consumed and wasted. Developing national in-
dicators and assessment of international resource flows is well characterized, 
as are the methodologies that enable the footprinting of specific food categories 
and products. What is missing in all of this is the access to data regarding 
the sustainability value or external costs of resources by producers, manufac-
turers, retailers and consumers. If a consumer wishes to understand how a 
product has been selected from farm to fork, the data concerning greenhouse 
gas (GHG) emissions, resource losses and water use are typically available but 
unseen. There are several reasons for this, such as confidentiality of proprietary 
data, regulatory compliance and competition regulations. It is from within 
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these commercial frameworks that the need for sustainable reporting is proving 
disruptive because there is a need for transparency in claims and information 
associated with food and beverage production, manufacture and retailing. 

The ability to connect different food supply chain data sources from farming, 
processing and manufacturing operations (not typically visible to consumers) to 
the distribution and retailing operations (that are visible to consumers) has be-
come possible with enterprise resource platforms (ERPs) that manage resource 
inventory and control orders across a business. These are all confidential and 
remain within sight of the business, but the emergence of certification systems 
has changed who has the need or right to have access to these data. Examples 
of certification systems are shown in Table 1.1. They have transformed transpar-
ency and reporting of practices – of this there is no doubt – but a question for 
our new digitized food system is: will this need for transparency further disrupt 
practice? Much of the pressure to embed transparency has been in response to 
global food safety improvements and consumer concerns regarding just or fair 
products. The emergence of online media and the use of social media by con-
sumers has raised the profile of the source and quality of foods, creating move-
ments that have specific values associated with them. Examples of the initial 
movements include those that wish to exclude industrial farm inputs, such as 
those for organic or biodynamic foods. While these movements emerged at the 
beginning of the 20th century in response to industrialized agriculture, social 
media has changed their impact. The cause of these movements has extended 
to the exclusion of biotechnologies and genetic modification. This exposed 
much of where our current need for transparency came from because there was 
a requirement for companies to disclose information that previously could have 
been kept confidential and even undisclosed to audit of any kind. Media, and 
in particular social media, have had an important role beyond transparency to 
that of trust and complete disclosure of any information. 

1.2. The Need for Transparency in Our Global Food System 
and the Opportunity of Digitization 

The need for disclosure is becoming less of a barrier to such whole supply 
chain transparency because of digitization and the use of blockchain systems. 
Simply put, blockchains can detect when data or information is not reported 
or it is incorrect. There is nothing new with this – forensic accounting has done 
this for many years and it is often said that irregularities in supply chains are 
often first detected through financial faults. What blockchains do very dif-
ferently is make sure the data placed into the blockchain system is sharable, 
interoperable and remains in this form forever; it is immutable. This provides a 
mechanism for trust to embed. The reporting of resource flows in food supply 
chains has highlighted the importance of data flows to assess how connected 
operators in supply chains are. Resource inventories are the glue that can hold 
the whole food system together and data resources are critical in determining 
whether information is correct and can be trusted. Systems such as blockchains 
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Table 1.1. A comparison of selected internationally recognized certification schemes. 

Certification  
scheme Organic Fairtrade 

Rainforest  
Alliance UTZ Certified MSC Proterra 

Regulated In 49 Nations No No No No No 
Accredited 
certification 

ISO65/BS 
EN45011 

ISO65 ISO65/BS 
EN45011 

ISO65/BS 
EN45011 

ISO65/BS 
EN45011 

Accredited  
standards 

ISEAL compliant ISEAL compliant ISEAL 
compliant 

ISEAL compliant 

Whole chain 
certification 

Yes Yes Chain of custody Chain of 
custody 

Fishery certification 
and chain of custody 

Yes 

Environmental 
standards 

Yes Yes Yes Yes Yes Yes 

Animal welfare 
standards 

Yes No Cattle only No No No 

Ethical/social 
standards 

In IFOAM  
principles 

Yes Yes Yes Yes Yes 

Synthetic 
agro-chemicals 

Highly restrictive Minimal and 
responsible  
use 

SAN list of  
prohibited pesticides 

Responsible  
use 

Not applicable Requires 
minimal use 

Genetic 
modification 

Prohibited Prohibited Prohibited Not stated Not applicable Prohibited 

Global sales value €559 billion €4.9 billion Not stated Not stated €3.5 billion Not stated 
Global area of 
production 

37 million ha Not stated 75 million ha forest 
and 1.53 million  
ha farmland 

Not stated 8% of wild-caught 
fisheries 

Not stated 

O
ur C

onnected Future and G
lobal F

ood M
arkets 

Notes: 
ISO65 Agriculture, see https://www.iso.org/ics/65/x/ 
EN45011, BS EN 45011:1998 General requirements for bodies operating product certification systems 
ISEAL, see https://www.isealalliance.org/ 
IFOAM, see https://www.ifoam.bio/ 
SAN Sustainable Agriculture Network http://san.ag/web/ 

https://www.iso.org/ics/65/x/
https://www.isealalliance.org/
https://www.ifoam.bio/
http://san.ag/web/
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and distributed ledger technologies (DLTs) can distribute responsibility for trust 
(Martindale et al., 2018a). This can be demonstrated for carbon footprint data 
that can provide a measure of supply chain efficiency for processing and manu-
facturing inputs from farm to fork or farm to taste. The carbon footprint is an 
appropriate means to report energy use and resource flows for many food and 
beverage products and it can be used to communicate impact across supply 
chain functions, including consumption. This is because there are specific data 
inputs for each activity associated with a footprint. As an example, a typical 200 g 
mixed livestock and plant ingredient sandwich will have 220–290 g of GHG 
emissions associated with growing and processing its ingredients, transport and 
packaging will contribute 20–50 g GHG emissions, and GHG emissions such 
as methane (from livestock production) and nitrous oxide (from organic and 
mineral nitrogenous fertilizer use) can significantly increase these emissions. 
The GHG emissions can be reduced by fit-for-purpose agronomic management 
and efficient supply chain planning, which depend on efficient data manage-
ment (Martindale et al., 2018b). If such data placed in a blockchain have been 
geocoded with a location and time reference, this provides further proofs for the 
farm-to-fork view of supply and provides an integrated Geographic Information 
System–life cycle assessment (GIS–LCA) method (Martindale, 2017). The GHG 
emissions associated with foods are becoming critically important to report and 
have been identified by the USA Environment Protection Agency as potential 
targets for full assessment as Scope 3 GHG emissions. These are those associ-
ated with the value chain. Digital technologies have demonstrated how DLTs 
and blockchains can track high-volume and high-variability financial flows as 
immutable data. It was once thought Scope 3 emissions were far too variable 
and complex to deal with, but the blockchain approach now provides a solu-
tion. This would provide an instantaneous assessment of resource flows in food 
and beverage supply chains. These types of value chain processes have a role 
to play in how much product is likely to be used and wasted, so their impact is 
significant (Martindale et al., 2020a). 

The approach can be packaged as Digital Twin systems (DTSs) for food 
supply chains that provide instantaneous and incisive analysis of resource 
flows. But they are still dependent on quality data, otherwise there is the pos-
sibility of garbage in–garbage out (GIGO) scenarios. Digital solutions such as 
blockchains are making this less likely, but it is still a risk. The potential to falsify 
or invent data will always exist and there is a requirement to build a culture of 
trust for any data input. Blockchains do this by making data immutable, so that 
good data (trusted) and bad data (potential lies) are always on the blockchain 
(Rejeb et al., 2020). Technological fixes such as blockchains can also make data 
input accessible, so they complement structures of trust that will ultimately be 
developed through the establishment of communities, collectives and business 
ecosystems. LCA and carbon footprinting are routinely used to assess the en-
vironmental impacts and wider sustainability reporting of products where there 
is an increasing need for trust, because LCAs are used to report claims such as 
those associated with carbon-neutral products (Martindale et al., 2019). The 
use of traceability or transparency software solutions such as blockchains that 
can trace the LCA or footprint data from source to product to consumer do help 
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overcome these limits and gaps. In many respects the blockchain approach 
and the footprinting approach are similar in that the flow of trust and materials 
must balance – that is, what data or material goes into a system must come out, 
it must be 100% in and 100% out in terms of mass-flow. If the 100% balance 
is not achieved, the blockchain will flag where imbalances in material flows 
or trust are in the system; the difference between this and an LCA is they are 
immutable and in the blockchain forever. 

Global events demonstrate time and time again that supply chains are 
resilient, with food supply and consumer demand being finely tuned, but not 
as flexible or agile as many consumers in Europe have come to expect because 
of the impact of untrusted data on commercial claims. The indicators of global 
food supply and price show primary food commodities, including small grains, 
oils and dairy products, are volatile, but it is trusted real-time data that are often 
the most limiting in terms of the speed that this system responds. This is despite 
the impact of digitization and the new applications of blockchains, which is 
counterintuitive because technology should improve outcomes, but the major 
limitation remains collaboration between companies across supply chains. An 
example is provided by production and trade data, which are typically reported 
annually, so forecasting in business is typically made using annual assessments 
of the financial worth and mass volume of resource flow. Much of the data 
required to report this on a day-by-day basis are owned by suppliers them-
selves. So it is exciting and innovative to consider the very blockchain tools 
we are beginning to use could start to enable collaboration and benchmarking 
across supply chains so that they are agile in responding to day-on-day changes 
that are the reality of modern trading and potential crisis. While many of the 
currently used blockchains have developed to enhance assurance and reduce 
the risk of safety failures, the reach of their applications goes much further in 
that they are secure and gated collective sources of supply chain data. 

1.3. The Requirement for Food Baselines and Prior Art 

The application of global indices of nutrition and food sustainability in public 
health and the improvement of product profiles have facilitated effective 
actions that increase food security. We develop index measurements fur-
ther here so that they can be applied to food categories and be used by food 
processors and manufacturers for specific food supply chains. The research 
considers how they can be used to assess the sustainability of supply chain 
operations by stimulating more incisive food loss and waste-reduction plan-
ning. It demonstrates how an index-driven approach focused on improving 
both nutritional delivery and reducing food waste will result in improved 
food security and sustainability. Nutritional improvements are focused on 
protein supply and reduction of food waste on supply chain losses and the 
methods are tested here using the food systems of Kenya and India. Innovative 
practices will emerge when nutritional improvement and waste-reduction 
actions demonstrate market success, and the co-development of food manu-
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facturing infrastructure and innovation programmes will result from them. The 
use of established indices of sustainability and security enable comparisons 
that encourage knowledge transfer and the establishment of cross-functional 
indices that quantify national food nutrition, security and sustainability. The 
research presented in this initial study is focused on applying these indices to 
specific food supply chains for food processors and manufacturers and using 
them to provide further insight. 

Current indices of food security and sustainability are designed to identify 
high-level policy risks at national scale and as such they focus on the produc-
tion of agricultural commodities, providing little understanding of resilience in 
the manufacturing, distribution and retailing functions of supply chains. This 
is important because it is the development of industrial infrastructure that has 
consistently delivered resilience in food supply chains when projections of 
‘peak resource’ models operating at national scale have not delivered accurate 
projections. This is because the models based on limiting carrying capacity 
overlook values associated with innovation in supply chains, such as those of 
contractual trust and organizational cultures that deliver the commercial goals 
of supply. It is increasingly important to understand resource limits of food 
production systems with respect to these commercial attributes and improving 
the tools to do this remains crucial. The measurement of the associated innov-
ation values in small and large manufacturing companies alike are focused 
on providing the consumer fulfilment of manufactured foods. Their value is 
rarely mentioned as a contribution to sustainable food supply and the need 
for manufacturer-relevant assessments has to be established for greater food 
security. Food security itself is defined as the state in which people at all times 
have physical, social and economic access to sufficient and nutritious food 
that meets their dietary needs for a healthy and active life. This framework is 
based on the internationally accepted definition established at the 1996 World 
Food Summit. The interaction of food security with nutritional goals and food 
supply-chain sustainability do complement each other and focus the require-
ment for food industry guidance at product development level. The global food 
system in 2050 will need to supply 9 billion people with meals in a safe and 
sustainable way that provides all the attributes of a secure food industry. 

1.4. Eco-design and Co-creation 

As well as meeting sustainability and nutritional goals, food products must 
be affordable, available and assured so that they can be prepared for meals, 
which raises the importance of understanding the role of new product develop-
ment (NPD) in the global food system (Martindale, 2017). It is here that NPD 
processes must take a concept-to-consumer approach, so that sustainability is 
built into the NPD process and food waste is removed from the food system. The 
concept-to-consumer design approach will mean food products will be devel-
oped for utilization in meals and therefore result in improved nutritional, food 
waste and sustainability outcomes. Product developers are keystone operators 



 

 

 
 

  
 
 

 

 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 

 
 

7 Our Connected Future and Global Food Markets 

for enabling food sustainability and they must begin to take a long-term view 
for continuous improvement in these processes. This will require a step back 
from typical NPD operations to take stock of what successful product develop-
ment means for consumers and their diet at a population or meta-NPD level 
(Martindale et al., 2019). Understanding resource flows in the food system and 
into NPD processes is important because any co-creation for products will be 
limited by resource accessibility and affordability. Understanding where crit-
ically traded resource flows are in a food system is an important aspect of any 
NPD strategy. In the case of food and beverage products, it is especially im-
portant in temperate regions that depend on semi-tropical products for fresh 
produce that can either not be grown in temperate areas or provide out-of-season 
supply. Semi-tropical regions also supply luxury ingredients such as coffee, tea, 
chocolate and spices, which are essential to any NPD strategy. Proof of this 
principle is provided for the criticality of the supply of flavourings such as van-
illa, stimulants such as tea and coffee and semi-tropical fresh produce. 

Figure 1.1 shows the most valued agri-food imports into the UK from India 
and Kenya. The greatest value is associated with those products that will have 
greatest demand as ingredients or products. Figure 1.1 demonstrates the trade 
of high volumes often follows a Pareto relationship, where much of the volume 
or value is associated with relatively few product categories. The connectivity 
between trading partners in the food system will need to be considered if sus-
tainability and security goals are to be met and this requires greater incisiveness 
in the use of geo-spatial data (see Chapter 2). The data for India and Kenya dem-
onstrate rice, tea, green beans and plant materials (e.g. plant stocks and bulbs) 
are the most important categories imported into the UK with respect to financial 
value. These relationships suggest that these are the categories of priority with 
respect to food defence, but such an approach undermines any food defence 
policies because they should act across the food system. The highest value cat-
egories are where there are increased risks, but lower value categories represent 
the same risk to food defence systems because breaches in them are carried out 
by opportune activities that can often be considered rogue elements. These are 
often associated with other activities such as meeting contractual conditions, 
limitation of resources and increases in demand – all of these can occur within 
the law of our global food system. Understanding the availability and demand 
for these categories of ingredients is an important starting point for any NPD 
strategy that will identify sources of ingredients for development. In doing so, 
the approach will build in sustainability, nutritional and food defence consid-
erations, making the outcomes more likely to meet customer and consumer 
demands. Developing the strategies that identify criticality in the food system 
provides an important platform for evidence on sourcing that can support ana-
lytical processes and blockchain systems. 

Fraudulent activity in food and beverage supply chains is of considerable 
importance, not only in tackling social compliance issues such as modern-day 
slavery or sustainability reporting, but also with regard to direct counterfeiting 
or contamination of products for financial gain. It is these issues that are of pri-
mary importance in tracking and traceability of food materials and it is time 
to consider how sustainability metrics can be aligned to them (see Chapter 2). 
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 Fig. 1.1. The imports of the most valued 20 crop and livestock products imported by the 
UK from (a) India and (b) Kenya in 2019, reported in thousands of US$. (Data derived from 
FAOStat trade and commodities balance data) 
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Table 1.2. The selected food defence risks associated with beverage supplies where high 
value in supply chains exposes risk to fraudulent activity. It should be noted that false 
geographical origin declaration is an important source of fraud, where the potential to target 
high-quality wine brands is one of the most important target categories. 

Beverages Food defence risk 

Alcoholic Due to their high market value, many brands of wine and spirits are at risk 
beverages of being counterfeited, mislabelled and adulterated. Dilution with water or 

cheap alcohol is a common fraud, as well as addition of undeclared sugars or 
sweeteners and even substitution of the beverage with a lower value one. 

Cocoa and Chocolate compounds are exposed to the risk of being adulterated with 
chocolate exogenous materials, or mixed with fats of different species origin to improve 

the flavour. In some cases, producers or distributors were even found to 
be adding artificial or different origin material to cocoa powder in order to 
increase its weight. 

Coffee Coffee powder and soluble coffee are likely to be mixed with exogenous materials  
to increase the content weight or adulterated using undeclared sugars and 
sweeteners. Cases of mislabelling are also quite common, especially false 
species origin declaration (Robusta variety declared as Arabica). 

Table 1.3. The selected food defence risks associated with ingredient supplies where high 
value in supply chains exposes risk to fraudulent activity. The designation of ingredients here 
is important in that they were selected because they occur in many manufactured foods as 
an ingredient or component, which compounds the issue of providing traceability. The use of 
geographic origin remains crucial and European high-value dairy products (e.g. Parmigiano 
Reggiano cheese) are defined by PDO protocol requirements that can be violated. 

Ingredients Food defence risk 

Eggs Many cases of food fraud concerning the production of eggs involve the 
addition of exogenous – and sometimes harmful – substances (e.g. artificial 
dyes, oils or fats), aimed to improve the product’s flavour, appearance, etc.  
False declarations of organic farming or geographical origin are a common 
risk, too, as well as the fraudulent substitution of fresh eggs with undeclared 
incubated or frozen-thawed ones. 

Honey High-value honey varieties, such as Manuka honey produced in Australia and New  
Zealand, are exposed to the risk of being adulterated by exogenous sweeteners to  
improve their flavour or substituted with low-quality material. Cases of mislabelling  
have also occurred (false declaration of geographical, botanical or animal origin). 

Milk Milk formulations such as milk powder are prone to be diluted or adulterated 
with exogenous fats or oils; false geographical origin declaration is another 
common fraud. 

Oils High-value oils such as extra-Virgin olive oil are often subject to addition of 
different oil varieties or even complete substitution. In some cases, artificial 
compounds are also employed to adulterate oils. 

Spices Adulteration by undeclared artificial dyes or flavourings is one of the most common  
frauds in dried and powdered spices; substitution with other plants is high risk. 

Vinegar High-quality brands of vinegar (Balsamic vinegar of Modena, for instance) are 
subject to the risk of dilution with water, or complete or partial substitution with 
lower value material. 
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Table 1.4. The selected food defence risks associated with food products supplies where 
high value can expose risk to fraudulent activity. The designation of products here is important 
in that they were selected because they are processed, packed or manufactured foods and 
can deliver whole product claims. It should be noted that false certification declaration is an 
important source of fraud. 

Products Food defence risk 

Fish Mislabelling (e.g. false species/geographical origin declaration, farmed 
fish declared as wild) is among the most common frauds. Substituting 
high-quality species with lower value or even potentially toxic ones 
is also a widespread practice, and so is temperature abuse. In some 
cases, traders and distributors have been found breaking the regulations 
concerning storage temperatures, or declaring frozen-thawed fish as 
fresh. 

Cereals and flour The high-risk frauds include addition of exogenous compounds (e.g.  
melamine, used to apparently increase the product’s protein content), 
false organic farming declaration and partial or complete substitution 
with different species.  A typical case of counterfeiting consists in the 
substitution of durum wheat (Triticum durum – the most suitable cereal for 
the production of pasta) with lower value soft wheat. 

Fruit, derivatives Many cases of adulteration, mislabelling (e.g. false declaration of 
geographical origin or organic farming) and dilution concern fruit-based 
preparations and especially juices; high-price juices are most at risk of 
being diluted or partially substituted by material of different species origin.  
Undeclared exogenous sweeteners might be added to fruit compounds to 
enhance the flavour. 

Meat Among meat-based preparations, meatballs and burger formulations are 
the most vulnerable to adulteration, mislabelling and partial or complete 
substitution with different, lower value or potentially toxic species. False 
geographical origin and false organic breeding declaration are high risk. 

Mushrooms Among the high-risk frauds concerning mushrooms and mushroom-based 
preparations are the addition of exogenous material in order to enhance 
the product’s appearance, adulteration and substitution with lower quality 
varieties or species and, naturally, mislabelling frauds such as false 
species origin or organic farming declarations. 

Tomato,  
derivatives 

Tomato juice and other similar compounds are particularly vulnerable to 
adulteration or substitution with overripe or GMO material. Mislabelling 
frauds such as false declaration of organic farming or species origin are 
high risk in food defence. 

Examples of these assurance driven activities are reported in Tables 1.2–1.4, 
for beverages, ingredients and foods, respectively. The examples demonstrate 
the need for data trust in the food system because food and beverage supply 
chains must be defended from the action of what are rogue elements or mis-
takes made that will often cross legislative boundaries and actually contra-
vene the law. The data trust frameworks that blockchain and other systems 
can embed need to be supported by programmes that provide analytical 
proof of origin and composition by effectively fingerprinting a product to a 
specific source and demonstrating product integrity. Such fingerprints can be 
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strengthened by on-pack labelling and assessment of in-pack product com-
position or quality. The data being presented here have the potential to be 
transformative because of the need to meet the UN SDGs, carbon-neutral tar-
gets and environmental standards across the food system. Product develop-
ment will increasingly be asked to link the constraints of food product design 
with high-level targets, such as the UN’s 17 SDGs that cross the health, social 
wealth and environmental lenses of sustainable food supply (Casini et al., 
2019). Consumer choice should be at the core of getting food product develop-
ment right. A starting point for developing NPD strategies guided by these prin-
ciples is to use national-level consumption statistics to provide guidance on the 
most popular food choices. Switching or nudging consumer choices of foods to 
more sustainable dietary options is not only possible, it has already happened 
for protein choices, where it was considered unthinkable not that long ago, and 
has been driven by consumer demand (Sachs, 2012). Many NPD functions are 
trying to catch up with this shift in consumer attitudes and the diversification 
of protein choices is an important focus for future dietary sustainability in the 
production and export arenas. 

1.5. Supply, Demand and Ecosystem Services:The Death of 
20th-century Food Economics 

An analysis of the demand for different protein categories means associative 
data analysis techniques are required and they have been tested to identify 
pressure points associated with the movement of resources within and across 
supply chains. It is also the nutritional quality of food materials that determines 
demand, and these are rarely considered in trade data because the importance 
of volume and price alone dominates reporting. Protein content is used as an 
indicator of nutritional value of crops, such as pulses and grains, and it is used 
in the Centreplate Model developed by research that can rank food materials 
based on their protein supply in diets (Martindale et al., 2020c). It is the meas-
urement of nutritional value and the risk of food being wasted that provide 
important outcomes for consumption because if food is not fully utilized any 
resources used to manufacture it are lost. It is this insight on the utilization of 
foods by consumers that is the core principle here and it conveniently con-
nects the sustainability attributes of nutritional improvement and waste reduc-
tion, which are universally desirable impacts across supply chains (Martindale, 
2016). In this study the association with protein supply, as a nutritional bench-
mark, is tested. The amount of food waste associated with different food cat-
egories is obtained from FAOSTAT data. 

There is currently a recognition that improvements in obtaining supply 
chain data will create a step change and digital technologies offer much promise 
in improving data capture by operators across supply chains. That is, local data 
and bespoke data captured by food companies could be of great value in future 
and the use of indices of security and sustainability would result in reportable 
good practice (Martindale et al., 2018a). Real-time supply chain data is a future 
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capability that can be provided by recently tested applications of cloud-based 
data transfer that is secured by DLTs in the food industry. When the algorithms 
for assessing sustainability become transferable to all supply chain partners, it is 
the communication of them that becomes guiding. This is dependent on scaling 
data to the national and global food marketplaces, where the ability to obtain 
verified and transparent data for products in these supply chains has previously 
limited sustainability assessments of consumer goods. This is now being over-
come using technologies that tag products using data carriers such as optical 
characters and bar codes that ensure secure supply chain records are available. 
The application in sustainability is only beginning to be tested here. In the 
case of waste reduction, more efficient inventory planning will mean quality 
is maximized and dramatic reductions in household food waste are observed. 
Of course, the data for consumer utilization of food will still limit data in the 
supply chain and the use of digital applications associated with purchasing are 
already making this consumer feedback possible. 

The geographical and time origin of a product are important aspects of 
traceability. Figure 1.2 demonstrates how relatively simple source data can rap-
idly become complex and chaotic. The data used for this mapping come from 
the FAOStat databases on detailed trade. Figure 1.2 shows the amount of avo-
cados imported into the UK and where they are produced, from 13,000 tonnes 
up to 26,000 tonnes for the largest source or trade partner countries such as 
Peru, Spain, Mexico, South Africa and Israel. There are also partner countries 
that are the source of up 2600 tonnes of avocados imported into the UK each 
year. Figure 1.2 shows the Pareto scenario again here in that the high-volume 
importers will be associated with high sensitivity to food defence issues. This 
has occurred with avocados, where in Mexico their production has been as-
sociated with illegal labour practices and deforestation of high conservation 
areas such as virgin rainforest. However, lower volume producers must not go 
unscrutinized, even though the resource flow is ten-fold less, because this is 
where compliance can go unchecked. Figure 1.2 also shows how importers 
are not necessarily producers, with Germany importing up to 13,000 tonnes 
of avocados into the UK in 2019. The role of secondary importing nations is 
crucial for air freight, deep water ports and primary processing (e.g. ripening of 
fruits). Certification in such a diverse range of import volumes is essential and 
making sure that every producer is complying with certifications brings many 
other issues. The evidence for compliance requires auditing and it means that 
an individual must currently witness practices so that they can be verified as 
complying. Digitization and blockchain systems offer an opportunity to begin 
to consider remote audit options so that instantaneous audit of supply chains 
becomes possible if trust is assured. The food industry is responding to this. It 
is recognized that an integration of digital, chemical analysis and existing au-
diting practices that verify practices can bring us closer to more accessible and 
affordable methods. 

The example presented in Fig. 1.2 shows the largest resource flows (greatest 
amount of imports) are from relatively few countries but several low-volume 
importers also provide the same food defence risk, and this exists for other 
food categories. It presents a universal challenge in food systems, whether food 
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Fig. 1.2. The import of avocados into the UK (tonnes) in 2019. (Data derived from the FAOStat Detailed Trade Matrix database; Base World 
Map image is the intellectual property of Esri and is used herein under licence. Copyright © 2020 Esri and its licensors. All rights reserved.) 
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defence, compliance or sustainability is assessed, and it is even more apparent 
where there are several processing operations, such as from cocoa to choc-
olate. Figure 1.3 shows the import of cocoa beans into the UK is from rela-
tively few producers and secondary importers that do not produce cocoa beans 
(Fig. 1.3 A). However, cocoa beans are processed into butter, powder, paste 
and cake that is imported from different nations (Fig. 1.3 B). The processing of 
cocoa beans is where financial value is increased, and the volume of cocoa 
butter imported compared to cocoa beans halves, but the value of butter is 
increased. A similar relationship exists for pastes, cakes and powders, where 
value is increased through processing into ingredients. 

A similar situation exists for many manufactured food categories in which 
processing operations change how resources are traded. This is notable for 
meat products, where there have been breaches of food defence. The import 
of beef into the UK is dominated by imports of whole carcasses and finished 
cuts of close to 200,000 tonnes in 2019 from Ireland, for example, but some 
20,000 tonnes of prepared beef products are also imported from Brazil (e.g. 
beefburgers). Most prepared beef imports are from Ireland and Brazil into the 
UK. This demonstrates it is crucial to identify where food defence risks are in a 
food system and the risks associated with imported prepared beef into the UK 
from Brazil are typically visible when issues regarding deforestation are raised. 
Transparency across these higher risk supply chains and imports will require 
enforceable digital assessment of geographic origin and their compliance with 
international certifications. 

1.6. Methods for Assessing Food Utilization that Require Internet 
of Things Interventions 

Understanding how resources move in the global food system at national scales 
is crucial if assessment of national efficiency and utilization of food resources 
needs to be obtained. The requirement for this is evident if the sustainability 
of national food production from farm to fork is investigated. If it is not done, 
studies do not work to a baseline measurement and they are unable to bench-
mark to international assessments such auditing or certification. The alignment 
of practice to the UN SDGs is critically important and without knowing where 
to start to measure efficiency and then to assess what data means, this is a futile 
exercise. For example, the main three proteins supplied to the UK population 
are wheat, dairy and poultry. It is sensible to use supply as an indicator of those 
food categories that are of most importance to the UK system. This principle is 
developed in the Centreplate Model reported previously, which benchmarks 
priorities for assessing food supply and wastes based on protein value and do-
mestic supply quantity (DSQ; production and imports minus exports and stock 
variance) of specific food categories (Martindale et al., 2020c). The metrics and 
algorithms used to associate different food categories are tested in this research 
and they can provide communications that resonate with consumers. All ex-
ternal resources used to manufacture and distribute food are focused on the 
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Fig. 1.4. The exports of the most valued 20 crop and livestock products exported by the UK 
in 2019, reported in tonnes. (Data derived from FAOStat trade and commodities balance 
data.) 

final experience of consuming food and beverages. The innovative approach to 
averting a resource use crisis based on this research is to make sure that product 
fulfilment meets the sustainability requirement of food products when they are 
developed using the methods reported here. The relationships established for 
imports also stand for exports and this is seen in Fig. 1.4 for exports from the UK. 

Established indices include the Global Food Security Index (GFSI), 
Global Access to Nutrition Index (ATNI) and Food Sustainability Index (FSI; 
Gustafson et al., 2016; Chaudhary et al., 2018; Haddad, 2018; Chen et al., 
2019). These have provided platform studies for sustainability indices so that 
the impact of these high-level indices can be extended to individual manu-
facturers and product developers. In the UK there are over 350,000 food 
businesses. The goal of a Sustainability Index is for it to be applied to improve 
security and sustainability in each of these food businesses when products are 
at concept, development or manufacturing stages. This would result in the de-
livery of sustainable outcomes that are transparent and interoperable across 
supply chains, which is something that existing LCA approaches do not pro-
vide. The application at such an operational level must be open sourced and 
available to food businesses because there are known barriers where current 
indices for nutrition, security and sustainability exist, but they are only typic-
ally used by large food groups and companies. In an open data food system, 
access to methods for assessing the sustainability of food products must be-
come available across the food system and this is often limited by resourcing 
and skills. Certifications offer an example where application can be limited, 
because even though they have transformed practices the potential of 100% 
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certification has only been shown for foods such as bananas (Wilson and 
Jackson, 2016). In others, such as chocolate and coffee, an increased market 
share is seen compared to non-certificated products. However, they still only 
account for less than a fifth of total food production in other markets (Grunert 
et al., 2014). In the cases of the Marine Stewardship Council (MSC), 12% of 
wild fish caught with even less ocean area under protection (Lester et al., 
2013; Sala et al., 2021); Roundtable on Sustainable Palm Oil (RSPO), 19% 
of palm oil suppliers; Roundtable on Sustainable Soybean (RTSS), 1% of the 
global production is certificated (Rueda et al., 2017). The goal sounds simple. 
It is possible to embed responsible values in a process from start (producer) 
to finish (consumer) in a specified supply chain and scale this activity so that 
there is a 100% responsible, ethical and carbon-neutral shopping basket for 
a sustainable diet. 

The approach of relating nationally reported metrics to diets has been 
tested at a food category scale using the Centreplate Model using national 
food balances that operate at the scale of diets rather than national output 
and seeks to consider the realistic protein diversification of diets (Martindale 
et al., 2020b). It has exposed the importance of such tools in the NPD func-
tions of food manufacturing companies because new protein ingredient cat-
egories are required to be available at national scale. Applying the model 
has highlighted the ability to assess the value of NPD with respect to nutri-
tion, distribution and food loss, but the application to product development 
was identified as an area that could be further developed for sustainability 
outcomes. A transformative approach here was to consider how food and 
beverage products are utilized by consumers and use this to feed back 
data associated with utilization into the product development processes so 
that product design essentially builds-in sustainability and weeds-out food 
waste. The measurement of meals being wasted provides important out-
comes for consumption, because if food is not fully utilized any resources 
used to manufacture it are lost. It is this insight on the utilization of foods 
by consumers that is the core principle here and it conveniently connects 
the sustainability attributes of nutritional improvement and waste reduction 
which are universally desirable impacts across supply chains (Martindale, 
2016). The development of the Centreplate Model has identified the require-
ment for a robust and accessible analysis of sustainable product develop-
ment that can be used by food manufacturers and processors. This approach 
was developed as a model that used six attributes or functions that defined 
protein content of foods, distribution of products, energy embodied in their 
production and processing, waste associated with their use and GHG emis-
sions (Martindale, 2017). What was specifically important in these models 
was the use of meal concepts developed by chefs. The method of categor-
ization of meal types was derived from chefs and cooking books (one in 
particular by Jamie Oliver, Jamie’s Ministry of Food (2008), which arranges 
meal types in a way that is robust and accessible). The route to meal and 
categorization for nutrition and sustainability has been explored by others, 
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including the Australian Total Well Being Diet that demonstrated it could 
be achieved and placed nutritional sciences into meal planning (Noakes 
and Clifton, 2005). The study has shown possible applications and routes 
to simplification where the GHG emissions of products are related to their 
nutrient density, risk of food waste and distribution. The need for robust and 
accessible analytical tools in the manufacturing sector is important because 
if sustainability is built into NPD, it will need guidance for every food and 
beverage product. 

The GFSI has been used to provide the initial assessment of the food 
systems in India and Kenya working as the method used to assess food 
security requirements. The GFSI is a metric that enables the ranking or 
benchmarking of 26 food security indicators across 113 countries. It has 
been developed by the Economist Intelligence Unit (EIU). It is focused 
on three core pillars of food security: affordability (six indicators), avail-
ability (eight indicators with five sub-indicators) and quality and safety 
(five indicators with nine sub-indicators); a further category is natural re-
sources and resilience, which is an adjustment factor (seven indicators with 21 
sub-indicators).ii The index is a quantitative and qualitative benchmarking 
model where the category scores are calculated from the weighted mean of 
underlying indicators and are scaled from 0 to 100, where 100 = most fa-
vourable. These categories are affordability, availability, quality and safety. 
The Centreplate Model has been developed to identify protein diversity 
across meal types and it is extended here to be used to guide policymakers 
who wish to identify improvements in protein supply (Martindale, 2017). 
This is achieved by association and ranking techniques that benchmark 
data to protein supply statistics. The Centreplate Model extends these find-
ings to indicate NPD processes that can integrate the use of vegetables 
as protein sources would be favoured in enhancing protein supply. This 
is not straightforward because such developments would require con-
centrated vegetable protein as an ingredient to fortify food products. The 
rank analysis has been developed as the Centreplate Model for dietary 
policy in the UK because it reflects the importance of protein portions 
of meals. The model does enable the identification of pressure points and 
opportunities in supply chain functions with respect to specific food 
item categories. The importance of the protein content of foods is a major 
driver of dietary change and it was selected for this reason. A decreased 
diversity of dietary choice across national indicators highlights the re-
quirement for innovative and flexible incentives in the food sector that 
establish NPD strategies that provide a wider range of products. The in-
centive for reducing food waste in the supply chain may well be provided 
by considering the limitations to NPD and diversifying the retail offer to large 
populations. This activity has been established for farm and product diver-
sification in the UK and insights from these developments are of value 
here. Food processing and preservation have important roles to fulfil here 
because the development of new products (e.g. fruit juices) and stabilized 
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ingredients (e.g. maize starches) will enable waste reduction in supply 
chains from producer through to consumer functions. A critical compo-
nent here is to understand how to unlock data held by the suppliers and 
supply chain because this will stimulate changes to infrastructure and 
transport that are necessary for robust food security for food markets in 
India and Kenya. Currently, the requirement to diversify protein choice is 
apparent, so the ability to concentrate vegetable proteins for ingredients 
and stabilize vegetable products so that they can be processed into ingre-
dients is of value. The ability to obtain more incisive supply chain data 
is a universal goal for improving protein supply and reducing food loss. 
The use of interventions for preservation techniques such as freezing and 
drying with storage interventions such as the use of fit-for-purpose pack-
aging have been shown to result in less food waste in the UK (Martindale, 
2014). The impact these waste-reduction models have on NPD processes 
has also been tested for the UK food system and the research reported here 
indicates that similar approaches to food and beverage NPD could be util-
ized in the food system for global impact. 

1.7. Conclusion 

The inequality of resource distribution in the global food system must be 
tackled if the UN SDGs are to be realized. This chapter has demonstrated 
how trade will change distribution of resources with respect to value and 
processing. This dynamic will need to continue if we are to continue to in-
novate, but it is the investment in innovation that decides where processing is 
distributed and where wealth is generated. This will change and our unequal 
global food system simply follows that high-income countries have more re-
sources than low-income countries. One of the most visible demonstrators 
of this is shown in Fig. 1.5, which shows the number of calories wasted per 
person per day for different nations globally. The data are derived from an im-
portant paper written by Chen et al. (2020), which shows similar relationships 
for most nutrients; their loss is greatest in those nations that have access to 
nutrients and can afford to waste them. If sustainable outcomes are required, 
the global food system cannot seek to bring all citizens up to the level of 
wastage currently seen in high-income nations. There needs to be a rethinking 
of policy and action that brings waste to a level where there is greater equality. 
Fig. 1.5 demonstrates a universal principle in sustainability that is often seen 
where resources are distributed on unequal terms. We must understand why 
this happens in order to change it. The first step in that process is to map 
where resources are and where they are going; without this information there 
will be no sustainable outcome. Internet of Things applications offer a means 
to do just this. 
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Fig. 1.5. The number of calories lost and wasted from diets globally; 40% of the recommended daily amount of calories are lost (as much as 
710 calories) and the equivalent of 33 wasted diets per capita per day are lost in high-income nations compared to 4 wasted diets per capita 
per day in low-income nations. Wasted Daily Diets is calculated, according to Chen et al. (2020), as the minimum of all the Wasted Nutrient 
Days (24 nutrients plus energy) for a given country. Wasted Nutrient Days are calculated as the annually wasted nutrient amounts per capita 
divided by country average nutrient Daily Recommended Intake. (Base World Map image is the intellectual property of Esri and is used 
herein under licence. Copyright © 2020 Esri and its licensors. All rights reserved.) 
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Notes 

i‘A World Without Want’, an essay written by Indira Ghandi for the Encyclopaedia Britannica 
Yearbook 1974 published in 1975. 
iiGlobal Food Security Index 2018: Building resilience in the face of rising food-security risks. 
© The Economist Intelligence Unit Limited 2018. See https://foodsecurityindex.eiu.com/ 
Resources (accessed 6 August 2019). 
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