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Failure to adequately manage the food supply

chain results in huge wastage, lost lives, and missed
opportunities. Food Supply Chain Management (FSCM) has
emerged as a modern discipline with much promise in this
regard. At the corporate level, improved FSCM represents a
competitive advantage in terms of cost savings, improved
access to financing, and ability to provide value-added
services. At the societal level, enhanced FSCM supports
sustainability by preventing food wastage, ensuring
compliance with environmental standards, and helping

quality producers earn fair compensation for their efforts.

Blockchain-supported FSCM has repeatedly been put
forth as a panacea for the problems within status quo
FSCM solutions; the argument being that a blockchain
supported, decentralized FSCM solution is the best

way to finally achieve the needed level of coordination
amongst the many disparate parties in food supply chains
towards the goal of achieving all the above mentioned

improvements.

This report, in seeking to determine the best way to
improve FSCM, outlines the challenges in the status quo,
explores the potential of blockchain supported FSCM
solutions, and analyses some of the current real-world
deployments in terms of their achievements, potentials,
and shortcomings.
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PART I:
CHALLENGES IN THE
STATUS QUO OF FSCM

TRACEABILITY

Tracing the origin of a food product and the ingredients it contains
sits at the heart of FSCM. It is critical for upholding food safety,
enhancing consumer confidence, and increasing logistical
efficiencies in the supply chain. Unfortunately, in the current state of
FSCM, tracing foods is time consuming, inexact, and in some cases
effectively impossible.

Why is tracing foods so hard?

As with most complex systems, the problem stems largely from

the difficulty of coordinating amongst the wide and disparate
participants in the chain, who in the case of food supply range from
producers to inspectors and regulators, customs officials, transport
providers, processors, wholesalers, distributors, retailers, and finally
consumers. Coordination amongst these participants is hampered
by the division of labor in the value-added chain of agribusiness.



As pointed out in an analysis of the criteria for the efficient

and effective application of Electronic Data Interchange (EDI)
technologies in food supply chains, this leads to the “development
of organizational intersections which act as fractures in the
information flow”.

Relative to other supply chains, food supply is a particularly
challenging beast due to the acute need to manage food quality
and freshness along the way — and for most foods, time is very
much of the essence.

Adding to the complexity, food supply chains lengthen and
intertwine in the global era, where grain harvested in Europe is
routinely used for craft beer produced in Korea. Complexity is further
amplified by the number of ingredients in a given food product.
Where more than a quarter of all processed foods now contain
ingredients from at least five countries,” unravelling the supply

chain to identify, for example, the source of a tainted product, is an
increasingly daunting task.

The difficulty of tracing products in the food supply chain is largely

a consequence of the disparate record-keeping methods in use
across industry participants. A Harvard Business Review overview

of supply chain management, for instance, found that, thanks to
“organizational changes, merges, and acquisitions over time,” large
organizations may have more than 100 legacy Enterprise Resource
Planning (ERP) systems. The authors noted that one large company
had “17 ledgers in separate ERP systems associated with a single
activity—trucking—and its suppliers and distributors had their own
ledgers and ERP systems.”
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This type of Balkanization of supply chain tracking prevents
participants from sharing information beyond a single step in the
supply chain, making it next to impossible to garner a holistic view of
the chain.

Additionally, the volume of documentation that is required to
accompany food shipments presents an enormous challenge for
FSCM, particularly where supply chains cross borders. Consider the
example presented in a 2017 report from IBM that was compiled

in collaboration with shipping giant Maersk who was looking to
streamline its container shipping process using IBM’s solution. The
report found that a single shipment of avocados from Mombasa,
Kenya to Rotterdam, Netherlands involved 200 information
exchanges between 100 people across 30 separate actors.” The
shipment was completed in 34 days, but nearly half of that time
was eaten up by the need for port authorities to await shipping
information and government document approval.” The total cost of
shipping a single container was calculated at approximately $2000
but 15% of that cost was derived from just the paperwork associated
with the shipment.
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Whether for documentation required by authorities or
documentation needed for efficient trade between nodes in the
supply chain, there is very little standardization of the data that

is recorded, how it is recorded, and how it is exchanged. Level of
sophistication ranges from handwritten records to bar codes and
RFID tags. Even within a single link in the chain, multiple electronic
systems in use may not have the ability to natively communicate.
For example, according to a report compiled the Institute of

Food Technologists and submitted to the US Food and Drug
Administration, food companies’ batching systems often cannot
natively communicate with warehouse management systems,
which cannot natively communicate with accounting systems.’

Further compounding the problem, information identifying a
product may be provided on associated paperwork but not on the
product itself. Loose produce is often sold without a label, making it
almost impossible to be individually tracked at the point of sale. In
the case of individually packaged foods, which are typically easier

to track, some packages are too small to contain labels. Finally, even
if the needed information were contained on the end-product, most

retail outlets cannot yet capture lot-specific information during
transactions with customers.”

When food products contain multiple ingredients, complexity

is increased by an order of magnitude. Where a single tainted
ingredient is contained in thousands of products, it can take
months to correctly identify the affected items. For instance, a
2009 salmonella outbreak - eventually linked to peanut paste from
the Peanut Corporation of America - lasted for months because
suppliers were unaware that their foods contained the tainted
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ingredient. The US Centers for
Disease Control, in its report on
the incident, could only speculate
as to the true scale of the
contamination, writing:

‘other peanut containing
products produced by a variety
of companies may have been
made with the ingredients
recalled by Peanut Corporation
of America.

Further hampering traceability in
FSCM is the deliberate actions of
bad actors. The ease with which

it is possible to commit fraud in
the food supply chain is amplified
by the traditional database
processes employed in status quo
FSCM, where bad actors can alter
database entries without others in
the supply chain knowing it.




CONSEQUENCES OF POOR FSCM

The consequences of failure in managing food supply are severe:
World Health Organization data show almost 1in 10 people get sick
due to foodborne disease each year, and close to half a million die.”
Despite common conceptions, this is far from being a “developing
world” problem. For instance, in the European region, which “has the
lowest estimated burden of foodborne diseases globally,” 23 million
people still fall ill from unsafe food every year, and 5000 die." Even
for basic single-ingredient commodities like fruits and vegetables,
failure to adequately manage the supply chain results in huge
wastage. As much as a third of all food produced globally, in fact,

ends up abandoned — two thirds of it before reaching the shelves.”

The inability to adequately trace foods in the status quo of FSCM has

THE ESTIMATED BURDEN long-lasting and serious consequences. When it comes to tracking

OF FOODBORNE DISEASES foods in, for instance, the event of an outbreak, the now widely-
GLOBALLY accepted “one up, one down” approach — where participants
are required to know only the immediate supplier (one link up the
chain) and the immediate customer (one link down the chain) for
a product—makes it extremely difficult to get a clear picture of the
entire chain. Investigators must inquire individually at each node in
the supply chain as they painstakingly work their way to the source
420 000 people die of contamination.” When, for example, there was an outbreak of E.
wrarmos] IN 16 PEOPLE coliin the US in 20086, it took health officials two weeks to identify the

in the world, fall ill after consuming source of the contamination, which turned out to be a single day’s
contaminated food.

million

production from a single supplier®.
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Unable to pinpoint the source in a timely manner, officials were
forced to call for the blanket destruction of all fresh spinachin a
number of states in the US, with a ban on spinach sales remaining
in place for more than two weeks.” The immediate impact of

the outbreak on the industry was the economic loss of an entire
crop of spinach as the product was pulled off shelves, ripped out
of residential refrigerators, and destroyed nationwide. However,
the long-tail impact of the shattering of consumer confidence in
spinach was felt by spinach producers and distributors for years.
More than a year after the incident, for instance, bagged spinach
sales were still down 10% from pre-crisis levels, as shown in data
from the US Department of Agriculture.” In the above described
tainted peanut paste incident, due to the inability of investigators
to granularly track ingredients in the supply chain, entire shipments
had to be destroyed as a precaution. In the end, more than 3,200
different food products were recalled. Estimates of the financial
damage to the peanut industry topped $1 billion.”

Demonstrating the cross-border nature of supply-chains, in late
2019, Canada experienced its fourth E. coli outbreak in two years
linked to romaine lettuce. This time the source was determined to
be spinach farms located in the Central Coast growing regions of
northern and central California but, unable to pinpoint the exact
farm, blanket destruction of romaine lettuce from the region was
advised.”®
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BAGGED SPINACH EXPENDITURES PLUNGED IN RESPONSE TO FDA
ANNOUNCEMENT, SEPTEMBER 2006 - DECEMBER 2007

Expenditures ($ millions)

Simulated expenditures
without a food safety shock

Simulated expenditures
with a food safety shock

Actual expenditures
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Deadly outbreaks from contaminated foods are truly a global
problem. For example, the 2011 E. coli outbreak in Germany resulted
in nearly 4000 ilinesses and 53 deaths, making it a “top 3" worst food
contamination disaster in modern history. It took over a month for
investigators to determine the exact source of the outbreak, which
was a single organic sprout farm in Lower Saxony, Germany.” The
economic consequences of the inability to track the source of

the contamination were stark. Russia placed a blanket ban on all
vegetables from Europe and, amid rumors that the source of the
outbreak was cucumbers from Spain, the consumption and export
of vegetables from Spain dropped precipitously. Eventually the
European Union compensated farmers in a number of vegetable-
exporting countries to the tune of 220 million Euros for loss of
income.”

Recalls: a growing problem

Making matter worse, food product recalls are on the rise globally.
In the US, recalls increased by 10% between 2013 and 2018, with a
record of more than 800 in 2016,” while in the EU the number of
recalls increased from 519 in 2013 to a record high of 818 in 2017.
Food companies suffer the most direct and quantifiable economic
losses from food product recalls, which are said to cost an average
of $10 million for a single food company?® with 5% of food companies
reporting direct and indirect losses of $100 million for a single recall.**
Significant supply chain disruptions reduce the share price of
affected companies by seven percent on average according to a
2013 report prepared for the World Economic forum.”
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Food fraud is estimated to cost the global food industry $40 billion

per year.”® Notable examples here include the 2011 pork mislabeling
debacle in China and the 2013 horsemeat scandal in Europe.

The latter, in which meat containing horse DNA was sold as beef,
affected 4.5 million processed products representing at least 1,000
tons of food.”” In both cases public trust in food supply was eroded,
foods were wasted, and business’ bottom lines were negatively
affected.

Due to the prevalence of high-profile incidents like the ones
described above, consumers are increasingly placing importance
on food safety. A 2018 survey from UK industry magazine Food
Manufacture, for instance, found that more than two-thirds (68.3%)
of participants worry about food fraud problems.”” Consumers
are demanding transparency into the supply chain for the foods
they purchase. Further, increasingly aware of sustainability issues,
consumers are demanding sustainably sourced and transported
foods. They want to know the source of the ingredients and they
want more information about the journey of ingredients from farm
to fork. Businesses which cannot provide sufficient transparency
into the supply chain of their products are now at a competitive
disadvantage. The European Commission, for instance, pointed
out in a 2016 report that the EU food industry — which is the biggest
manufacturing sector in Europe in terms of jobs and value added
- is facing a decrease in competitiveness caused by a lack of
transparency in food supply chains.”®
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PART II:
SOLUTIONS

Achieving coordination amongst the participants in food supply
chains is difficult because wildly diverse people and enterprises,
each with differing goals, are involved in the production, processing
and distribution of food stuffs. These diverse actors, some of whom
have very limited economic resources, must somehow be motivated
to ensure the complete and correct gathering and sharing of
information needed to guarantee traceability.

The ideal solution would offer a real-time shared view of the truth
for each permissioned participant while maintaining for each
participant, ownership and control over his own information. To
achieve that, some of the key features needed for a viable FSCM
solution include:

+ Open standards that can be seen and verified by all

- Existing on a vendor-neutral platform

- Security of sensitive information

- Granular permissioned-only read/write access

+ Longevity of important information

- The ability to see information in (effectively) real-time

« Low costs to join the network.



THE BLOCKCHAIN SOLUTION:
How it works

Blockchain-supported decentralized FSCM solutions can in theory
satisfy all of the above-listed essential features needed to make
a truly transformative impact on FSCM. In practice, they do this by
using a different type of database — one that is immutable and
distributed by design.

In essence, a blockchain falls under the umbrella of Distributed
Ledger Technologies (DLT). It is important to separate terms such as
“distributed ledger” and “decentralisation.”

By definition, a distributed ledger gives the control of the evolution
of the data itself to its participants, also known as nodes. Blockchains
in principle share the data across all the nodes, irrespective of the
topology, be it public or private. This data redundancy requires that
all nodes possess all the data on a blockchain at any given time.
Then there are distributed ledger technologies that take a different
approach. R3 Corda, for instance, is a distributed ledger, yet not a
blockchain. Thus both blockchain and Corda can be considered a
subset of DLT.
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It is also important to observe that the terms “decentralization”

and “distributed” are two very different things. We choose to align

with the below illustration for a clear understanding of distributed

networks:
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One can say that distributed networks are a form of decentralization.

Unfortunately, there is a lack of taxonomy on the matter. As
mentioned by Ethereum co-founder Vitalik Buterin,*® however, there
is more to decentralization than the simple illustration mentioned
above. To quote:

“Blockchains are politically decentralized (no one
controls them) and architecturally decentralized (no
infrastructural central point of failure) but they are
logically centralized (there is one commonly agreed
state and the system behaves like a single computer).”

Consensus is another core property of blockchain-based database
system. At the technical level, consensus is achieved by establishing
an agreed upon and open protocol for updating the database,
whereby all participants are free to verify the validity of information
contained in it. Further, since the architecture of the protocol can be
such that neither the users nor the operators of the system have the
capacity to alter it, all participants are freed of the need to assess
the trustworthiness of intermediaries or any other participants in the
network.

Here lies part of the clear added value of Blockchain: Zero fault
tolerance. Another advantage is its immutability. Since a Blockchain
is politically decentralized (by consensus mechanisms), it is
impossible to modify transactions without affecting the entire chain,
thereby compromising the entire ledger. Such a state would not be
accepted by the other participants on the network.
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INTEGRATING STATUS QUO IT SOLUTIONS
WITH BLOCKCHAIN

Electronic Data Interchange (EDI) wais first introduced in the
commercial sector in the 1980s as a way to facilitate the paperless
exchange of supply chain documents like purchase orders,
shipment authorizations, shipment acknowledgements, advanced
shipment notices, and invoices. Maturing in the late 1990s, several EDI
protocols were developed and implemented separately and with
varying degrees of success in the food supply chain. It can be said
that EDI protocols as a whole achieved meaningful adoption by the
early 2000s, with as many as 70% of large firms in the US food supply
chain for instance, using one or more of them for at least one part of
their documentation processes by that time.

In a nutshell, EDI is a standard or protocol for businesses to
effectively communicate with one another. Well known messages
such as Purchase Order or Dispatch Advice are contemporary EDI
Messages. Several standards such as EDIFACT and X12 were derived
from EDI.

Whilst EDI may streamline the flow of documents between certain
nodes in the food supply chain, it doesn’t enable the needed
holistic view of the supply chain. Next, even as a tool for document
exchange, EDI has limited utility due to the lack of standards within
and between EDI protocols.



There are at least four major EDI standards, with updates constantly The issue with EDI is that it is not always easy to link all messages
being made to each protocol — and since businesses cannot together to form one common narrative about a specific order,
communicate across EDI standards or versions, the usefulness especially when dealing with a complex supply chain that integrates
of the system is severely limited from the start, particularly a hierarchy of third-party logistics. Here, we believe, lies blockchain’s
where a supply chain traverses multiple regions. Finally, the high contribution.

cost of implementation of EDI protocols limits their adoption to

Lo . . Having features such as immutability and smart contracts out
large enterprises in food supply chains, severely hampering the

- of the box, blockchain can anchor EDI messages to one common
deployment of holistic FSCM. o . .
flow, providing one, immutable and traceable (thereby auditable
These factors combine to make EDI an insufficient tool for markedly picture) of an order. And since every participant - be it a third -
improving FSCM. As one study of EDI adoption found: party logistics company, a supplier, or a carrier - owns a copy of the

blockchain, product tracing is easy and helps deal with issues such

as product recall or billing in a far superior manner.

“‘while most firms used EDI for the frequent and routine
transactions, invoices and purchasing orders, they
were not using EDI as often for the transactions that
are more coordinating, such as transferring current
schedules, production, and sales activities.”

A blockchain can operate seamlessly with EDI through the
application of ‘state machines.’ By definition, a state machine

is a model that can enclose a task into a humber of sub-tasks.
To proceed from one state to the next, an action, or transition, is

necessary.
In other words, EDI hasn't been able to solve the more complex Button Pressed
coordination problems in food supply chains. Firms are primarily
using EDI as a tool for making minor efficiencies improvements
rather than as a tool for developing holistic (transformative) FSCM. Button Pressed
ON
Although the above assessment of EDI depicts a somewhat
unfavorable picture, EDI has in fact provided a good starting
point for an eventual holistic solution. One can argue that whilst The above image, which shows a simple light switch, illustrates a state
EDI has too many standards, blockchain is still far from having its machine model. The states are two (OFF and ON) and there is one
own general standards, let alone supply-chain related standards. action that can transition between the two states (the button press).
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With use-cases in mind, one can see why this is advantageous.
When you use state-machines, you are dividing a big process into
smaller and more manageable tasks towards the goal of reducing
errors, improving efficiency, and enabling automation.

When you outline a more complex process using the state machine
model, it is easier to map the process lifecycle out and you will be
less likely to encounter a situation where you don’'t know what's
going on in your process. Afterall, there is a finite number of steps —
each known as a state - and your process must be somewhere in it.
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In the case of a simple shipment order, various EDI messages exist
as we can observe in the above example. In linking EDI messages to
blockchain transactions, we can link these messages and identify
states that move an order from one phase to the next. By default,

a state is always the result of a current state and an action. So, a
purchase order and an action (such as “sent to seller”) would then
result in an “order acknowledged” state.
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BLOCKCHAIN

The above diagram shows all EDI Messages, re-organized into
transactions in a linear manner. Combining EDI Messages with state
machines on blockchain ensures that an order can always be
traced to a message at any given point.



KEY BENEFITS
OF A BLOCKCHAIN-
ENABLED SOLUTION

A significant benefit of a blockchain-enabled system for tracking
supply chain data is that it provides each permissioned participant
with the ability to check any aspect of the supply chain flow in real
time. This has wide implications for all stakeholders.

For businesses, it improves the ability to coordinate, resulting in
logistical efficiency gains that range from reduced food wastage
to just-in-time delivery capability, lowered accounting and auditing
costs, automated payments, and improved financing options.
Businesses can also differentiate themselves by offering more
transparency into their products for consumers.

For regulators and other authorities, a blockchain-enabled system
provides the ability to track the entire supply chain from start to
finish with a few clicks instead of having to request data from each
entity manually as in the status quo. For consumers, it provides the
transparency into the supply chain needed to make more informed
purchase decisions. Finally, all participants in the supply chain
benefit from the reduced level of fraud that is made possible by the
more open data enabled by a blockchain-powered supply chain.



ADVANCED BLOCKCHAIN SOLUTION:
A vision of the future

All of the benefits of a blockchain approach combine to create a
FSCM system that could potentially have revolutionary impacts.
Given enough data, distributors and consumers alike could, for
instance, know that producers and manufacturers along the chain
adhere to sustainability practices like paying workers fairly, not
polluting, or using renewable energy sources.

Another feature of a fully blockchain-enabled supply chain
management system is the ability to automate procedures using
smart contracts (contracts that execute automatically when
predefined conditions have been met). For instance, payments from
buyers to suppliers could be triggered automatically when defined
conditions have been input into the system by verified actors. Used

in combination with Internet of Things (IoT) enabled sensors, and with
all stakeholders on board, major processes across supply chains
could in theory be completely automated with full transparency for alll
permissioned participants. How would this look?

loT enabled sensors in farmer's fields, chicken pens, etc, could
transmit information like soil, water, air, and temperature conditions
during the production process. Harvested foods would be labelled
with RFID tags either individually (as in the case of livestock) or in
lots (as in the case of grains) that mark the foods as having been
produced under the conditions as recorded by the loT devices. All
information would be stored on the blockchain with access granted
to permissioned participants.
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Moving along the supply chain from producer to processor,

transactions could be automated by smart contracts. As products
change hands, data is verified by participants, and payments are
released. Producers of high-quality produce who have been verified
as adhering to sustainability practices could be rewarded with higher
prices, their produce granularly tracked and separated so that it

can be differentiated, all the way to consumers. Transaction data
would be stored on the blockchain along with sensor data captured
during transport and processing. As food products move through the
supply chain, data could be added to each lot by scanning its RFID
tag. Managers, seeing real-time data like temperature, humidity and
storage time, could make informed decisions as to which specific
products should be given priority for removal in order to avoid losses.

Retailers, empowered with complete information about the products
on their journey along the supply chain, could make more appropriate
purchasing decisions. Consumers, as they scan QR codes on the
items in the shop, are also presented with complete “farm to fork”
information, boosting their confidence in the products’ quality.

Certification and auditing authorities, who may randomly check at
various on-premise points in the supply chain whether reporting has
been done accurately, would also have full visibility into the supply
chain. This would simplify their audits and improve the credibility of
their certifications, not to mention empowering them to trace the
source of outbreaks in minutes rather than weeks.
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PART III:

REAL WORLD DEPLOYMENT
OF BLOCKCHAIN-
SUPPORTED FSCM

PROMINENT EARLY PILOTS
AND THEIR RESULTS

A variety of pilot studies have demonstrated the benefits of
blockchain-supported FSCM solutions, proving the efficacy of
the technology. Some of these pilot studies have evolved to
in-production FSCM systems that are now growing in both size
and adoption. Here we describe in some detail three projects
that are representative in this regard.

Walmart (9 @ ABInBev

Carrefour Albert Heijn



Walmart

In 2016, Walmart worked with IBM to use a blockchain-based system
to track mangos in the supply chain. The pilot, which was one of first in
the FSCM sector, was instrumental in the formation of what would later
become the IBM Food Trust. Under Walmart's status quo traceability
system - where each stakeholder was required to individually contact
the next in the chain - it had taken just under a week on average to
establish a mango’s provenance. Under the blockchain-supported
system — where, as the mangos pass each stakeholders’ station

along the supply chain, participants recorded data to a shared
distributed ledger - trace time was reduced to 2.2 seconds. Walmart
simultaneously conducted a blockchain-pilot on its pork supply chain
in China. In that pilot, veterinary certificates were stored on chain
rather than passed on manually by truck drivers. This system provided
instant access to any trusted user on the network and “increased
confidence in those records.”

The impacts of Walmat's early pilots on its FSCM map closely to the
benefits described in the above [Key benefits of a blockchain-enabled
solution] section. They included increased transparency, enhanced
food flow, less fraud, and reduced waste. The latter benefit aligns nicely
with Walmart's “‘commitment to achieve zero waste to landfill in key
markets by 2025, and to sell more sustainably produced products
while maintaining the low prices customers expect.”’ The project

lead from Walmart concluded in a 2018 report, “‘Because blockchain
protocols are based on decentralization and consensus, it could help
food system stakeholders restore and scale consumer confidence in
food, and in the institutions that are part of the nation’s food supply.”

Walmart's initial pilots quickly moved into production environments
and expanded into a wider variety of products. By May 2018, the retail
giant had tracked “nearly two dozen SKUs involving 2.6 million food
packages across 166,000 traceability events on the blockchain.”

In the wake of a growing number of tainted lettuce incidents,
Walmart introduced blockchain-supported FSCM for its leafy greens,
demanding that all suppliers of leafy greens join the system by a
deadline of September 2019.° In 2020, Walmart expanded to integrate
green bell pepper suppliers.
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source: www.digital hbs.edu/platform-rctom/submission/walmart-from-supply-chain-to-blockchain

Carrefour

In March 2018, Carrefour started by launching blockchain-supported
FSCM for its Auvergne Filiere Qualité Carrefour chicken. The system,
which also relied on IBM’s blockchain solution, enabled consumers at
select Carrefour locations to use their phone to scan a QR barcode to
see detailed information about the source and journey of the chicken
from farm to shelf. In mid-2019, Carrefour expanded on the chicken-
pilot, launching blockchain-based tracking for 20 items including eggs,
raw milk, oranges, pork, some fruits, and cheese. Customers could
scan a QR barcode on an item to find out the date of harvest, location
of cultivation, the owner of the plot, when it was packed, how long it
took to transport to Europe and tips on how to prepare it. According to
the project manager, the increased transparency resulted in improve
sales. Emmanuel Delerm was quoted in a June 2019 Reuters article,
“The pomelo sold faster than the year before due to blockchain [and]
we had a positive impact on the chicken versus the non-blockchain
chicken.”




According to a June 2019 report from Forbes, the France-based
global retailer would add 100 more products in 2019, “‘with a focus on
areas where consumers want reassurance, like baby and organic
products.”

In February 2020, it was announced that Carrefour were taking delivery
of 300,000 bottles of organic wine tracked using its blockchain-
supported FSCM system. A unique QR Code on each bottle’s label
leads customers to a web page with the organic certification, a map
showing the location of the winery, the date and location of bottling,
and tasting notes by the Johanés Boubée negociant company.

Interestingly, Carrefour’s blockchain-supported food provenance
initiatives have so far been most popular at the retailers stores in
China, where consumers are already accustomed to scanning QR
codes and where consumers have a relatively low level of confidence
in supply-chain integrity thanks to a number of high-profile incidents
in the country.

According to Carrefour’s corporate website, the objective is to apply
the system to all food products in its Auvergne Filiere Qualité Carrefour
line by 2022.
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Albert Heijn

Another early entrant in the blockchain-enabled FSCM sector was
Albert Heijn, the biggest supermarket chain in the Netherlands. As
early as September 2018 the retail giant was using blockchain to track
the supply chain of its branded orange juice, making the information
transparently available to consumers. Consumers could scan a QR
code on the orange juice containers instore to reveal information on
the product’s journey, which starts at Brazilian plantations owned by
LDC Juice that are certified to be “deforestation-free.” InNformation such
as when the oranges were picked, their level of sweetness, processing
period, transport time, color, and taste tests was all added to the
blockchain in its 9-step journey from farms to store shelves.

Albert Heijn Commercial Director Marit van Egmond said in a
September 2018 statement, “The importance of transparency in the
supply chain continues to increase. We know all the steps in the supply
chain of our products, to ensure they are produced with respect for
people, animals and the environment. And we want to show these
steps to our clients as well, be open and transparent.”

Having successfully rolled out blockchain-supported FSCM for its
orange juice, Albert Heijn moved on to tracking eggs. As of spring
2020, the retailer provides full transparency into its egg supply chain,
showing consumers which farm the egg came from, when it was laid,
and when it arrived at the store.




Lessons learned & challenges

While the early prominent blockchain-enabled supply chain
solutions have seen real adoption and have demonstrated tangible
benefits, these projects have also provided lessons that are valuable
for organizations looking to benefit from the technology going
forward.

Challenge 1: Engage all stakeholders in a supply chain

For the fully holistic view of the supply chain that's needed to unleash the highest
level of benefits for all stakeholders, including achieving sustainability goals,
accurate data from first-mile producers and other small-scale participants in
the supply chain must be integrated. One major obstacle in this regard is that, for
many participants, there simply isn't enough incentive to make the sometimes-
considerable efforts to contribute. How, for example, can we entice farmers

to install loT sensors tracking soil conditions on their farms? To onboard more
stakeholders across the entire food supply chain, there should be a strong value
proposition for all participants.

In some of the early prominent blockchain-based FSCM initiatives, however, rather
than providing clear value-add to participants at all steps in the supply chain, the
project leaders have instead relied on a punitive approach. Thus suppliers, if they
wish to continue selling their produce to the retailer in charge of the initiative, must
adhere to the new procedures, as in Walmart's demand that all suppliers of leafy
greens implement the new reporting procedures to trace their products all the
way back to the farm by a deadline of September 2019.

From the perspective of small producers and upstream suppliers, it may be that
the prospect of losing a big buyer like Walmart or Carrefour is sufficient incentive
to drive them to join the system. While this approach may ulimately prove effective
for networks created by the largest retailers, it certainly doesn't do them any favors
in terms of rapidly growing network adoption.
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This is part of the reason that fully six months after IBM's Food Trust went live,
project director Suzanne Livingston was only able to offer vague platitudes like,

‘I have this vision that | want some farmer who only
has these two fields but we care deeply about them,
that they be able to just use their smartphone and do
something quick for tracing.”

Sustainable delivery on Livingston’s “vision” over the long term is yet to be proven,
and forcing behavior change and expense as an entry cost might backfire.

Indeed, many companies who have announced plans to integrate IBM's
blockchain-supported FSCM system over the past several years are still in the early
testing phases of rolling out the blockchain for their supply chains.

In the case of Albert Heijn's blockchain initiatives as well, engaging all stakeholders
in the supply chain proved a considerable challenge. In addition to its orange
juice and egg tracing systems, Albert Heijn attempted to integrate blockchain-
supported FSCM for its entire transport network. Unlike the orange juice and egg
tracing systems, however, Albert Heijn's transport network did not survive past the
proof-of-concept stage. The main reason, according to Albert Heijn IT specialist
Marcel Yska, was that it was too difficult to onboard the large number of carriers.”

Challenge 2: Integrate data from disparate systems

To truly enable traceability, a complete FSCM system must also have the
capacity to integrate data from a wide variety of sources and standards. In
the implementation of blockchain-supported FSCM systems, the early pilots
consistently showed that this was a challenge.

In Albert Heijn’s case, for instance, the rollout of the blockchain system to
participants faced challenges relating to linking different systems, but once that
work was complete, maintenance of the system required hardly any extra work.”



Challenge 3: Rapidly develop and deploy blockchain-supported solutions

Few organizations are technologically sophisticated enough to develop and
deploy blockchain solutions from scratch. As a relatively new and still emerging
technology, there is currently a shortage of qualified blockchain developers.

The tendency, then, is for organizations to rely on one-size-fits all enterprise
solutions like IBM's Food Trust, which may not be ideal for the specific use case. For
organizations looking to develop more customized solutions in-house, the cost of
development can be prohibitively high and time to completion prohibitively long;

both factors that considerably raise the risk of failure.

Meeting the challenges

Solution 1: Form a consortium

When it comes to the challenge of engaging all stakeholders in a supply chain,
forming a large enough consortium may provide the critical mass needed to
attract a wide enough group of stakeholders to make the project sustainable in
the long term. Walmart’s initial consortium-building effort, for instance, formed

the core of what is now known as IBM's Food Trust. The IBM Food Trust now counts
more than 200 companies as members, including some of the biggest food
suppliers and food retail outlets in the world such as Albertsons, Tyson, Nestle, Dole,
and Carrefour. By April 2019, at least 500,000 traces had been conducted on the
platform, with each trace representing a single lot.”’

Solution 2: Incentivize first-mile producers

An approach focusing on delivering value to the entry points at the farm(er) level
will require more tangible benefits for these farmers to buy in for the long term. The
following are some examples of solutions deployed thus far.

Direct communication

One attempt at incentivization of farmers to participate that is showing early
success is with Albert Heijn. They have enabled a functionality in their consumer
app that allows end-consumers to not only see and verify the provenance trail

of their orange juice, but to also communicate with the farmers that provided

the oranges in their orange juice and to “tip” them for their efforts by sending
personalized messages through the system'’s “Like2Farmer” feature. Enabling actual
monetary tips (rather than just messages) would likely provide greater incentive
but this gamification and true peer-to-peer exchange element may go a long way
to creating incentives sufficient for farmers to be fully on board.



ABInBev

Data driven insights

Pooling and analyzing data generating by first-mile producers can reveal insights
that help improve productivity, raise profitability, and reduce environmental
footprint. Providing these insights to first-mile producers can serve as a powerful
incentive to have them join the network and contribute their data. This is one of
the goals of the SettleMint-backed AB InBev pilot currently underway in Europe.

AB InBev - the world's leading brewer with over 200 brands including Budweiser,
Corona, and Stella Artois - has a farmer base of around 35,000 growers across 13
countries and five continents. As part of its Smart Agriculture initiative, AB InBev
already works directly with about 60% of these farmers to support agronomy
skills and provide tools, research, and financing towards improving productivity,
profitability, and sustainability. AB InBev was recently recognized in Fortune
Magazine's Change the World 2020 ranking for this work.

Now, AB InBev partnered with Fujitsu and SettleMint to pilot a blockchain-supported
FSCM system that targets the remaining 40% of its farmer base, many of whom are
located in European countries such as France, Russia and the UK.

Similar to many of the FSCM initiatives described in this report, the pilot — which
leverages SettleMint as the blockchain technology solution provider - is enabling
full transparency and traceability in the supply chain. In this case, the supply
chain for beer starts with barley. Consumers who purchase beer at the store can
scan a QR code to learn about where the barley in their beer is grown. In a world
where consumers are increasingly concerned about issues like sustainability, fair
trade, and environmental impact, this is an important marketing advantage.

“This new barley blockchain pilot is the latest initiative in
our focus on smart agriculture: using new technology,
data and insights to improve our farmers’ use of natural
resources, crop yields and livelihoods.”

& SettleMint
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Ao Maltsters Brewers

Data Is gathered from each part of the brewing process

9 from barley farmer to brewer including environmental
impacts like carbon footprint and water efficiency, and
recorded on the digital ledger. Consumers can retrieve
this chain of data by scanning the QR code.

Data s replicated

BEER FANS WILL BE ABLE TO TRACE THEIR BEER ALL THE WAY BACK
TO THE FARM FOR THE FIRST TIME

The difference with the AB InBev pilot, however, is that a core objective of the pilot
is to assist first-mile producers by improving their yields, water & energy efficiency,
and soil health.



Better prices

For many stakeholders in the food supply chain, direct monetary incentives are
likely to be a significant driver of adoption.

One example of a pilot which attempted to integrate direct monetary incentives
to first-mile producers was Trado, a blockchain-based FSCM solution developed

by a consortium of international banks, corporates, fintech startups, an NGO, and

a research institution created. The Trado pilot enabled a ‘data-for-benefits swap”
between buyers and suppliers in the supply chain for tea. In the fully realized
version of Trado's platform, blockchain and smart contracts could theoretically be
used to collect and record social and ecological data from first-mile suppliers, who
in return can get better prices for their goods and preferential access to low-rate

trade finance. This model shows promise as a method for ensuring sustainability
goals are met but, as demonstrated by a pilot conducted in early 2019, Trado’s
solution also highlights the challenges in pulling it off.

TYPICAL SUPPLY CHAIN SHOWING THE TIME PERIOD BETWEEN ‘BILL OF LADING’
AND ‘PURCHASE ORDER’ TRUST POINTS FOR MALAWI

$ Current model: SCF released at Bill of Lading

$ Trado model: SCF released at Purchase Order

Time period = 30-60 days

source: https //medium.com/@provenance/project-trado redistributing-the-rewards

5c9dce8a

Trado conducted a pilot of the platform in early 2019, testing its efficacy in the
supply chain of tea from Malawi to global markets. In line with Trado’s vision to
support sustainability, one of the key goals of the pilot was to enable smallholder
tea farmers who have been identified with a higher “sustainability score” to get

a significantly better price for their tea. Due to local price fixing for green tea leaf
from farmers in Malawi, however, Trado was unable to achieve that goal.” This
illustrates the importance of aligning more stakeholders in the supply chain. If, for
example, the main purchaser of green tea leaf from smallholders (in the case of
Malawi it was Lujera Tea Estates) could be convinced of the benefits of eliminating
the price fixing (which would ultimately be more profit for all), the price variability
needed to directly benefit smallholders who are more sustainable could have
been unlocked.

Although the pilot was unable to provide direct economic incentives to smallholder
farmers, the data gathered on the farmers nevertheless provided indirect benefits
for all stakeholders, including farmers. In the pilot, a data collection company was
tapped to gather the needed information on individual smallholder tea farmers.
The information, which was verified by a local NGO, included demographic data
like level of education, economic data like type of transport used, financial data
such as savings and borrowing methods, and agricultural data such as farming
practices. A buyer could leverage that data by making it available to prospective
shoppers to increase sales, as in many of the examples described above.
Secondly, a buyer could use the data to prove to regulators that it is compliant
with environmental and labor standards. In both cases, the benefits could
potentially trickle down to first-mile producers.



Trade financing

Despite its inability to directly impact smallholder tea farmers, Trado’s Malawi pilot
did demonstrate an important proof of concept in the sense that it managed to
enable much improved coordination between a tea factory in Malawi, its direct
buyer (Unilever), and a financier (BNP Baribas). This was achieved, in much the
same manner as projects in the sector, by leveraging blockchain technology to
share in real-time the relevant data amongst the permissioned stakeholders.

In this case, the relevant data included production data like quality, quantity,

date, price and sample approvals, as well as shipping data. The stakeholders
included a factory, a buyer, and a financer. Because Unilever (the buyer) was able
to see the contract being fulfilled in real time, it was prepared to take the risk of
providing a payment obligation to its bank (BNP Baribas) before the goods had
even left the factory. The tea factory, in turn, was therefore able to receive supply
chain financing 35 days earlier than it would have under traditional supply chain
management conditions. In the period between producing the goods and those
goods being boarded, a supplier would normally need to rely on more expensive
local financing. In this case, the supplier received the financing before the goods
even left the factory. The savings made by the factory in this regard were recorded
publicly on the blockchain and reinvested in sustainability initiatives in the farming
community, with investments also tracked on the blockchain.™

$ Trado saving distributed
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A cost-effective and user-friendly platform

The Geora platform, developed by Australian
blockchain startup AgriDigital, is an example
of a solution that delivers a cost-effective,
user-friendly package that represents a
sufficient enough value-add for smallholders
to merit their joining. AgriDigital first executed
the settlement of the sale of grain on a
blockchain in a 2016 pilot.”* Since then,
AgriDigital's blockchain-powered solution has
expanded in scope and usage. Farmers now
have the ability to manage payment terms
and transfer ownership using a mobile app,
which also lets them receive live notifications
about payments and quantity and quality

of deliveries. For smallholder farmers in
developed nations, this type of solution shows
promise for increasing first-mile engagement.
It has also proven effective for other supply
chain participants. Traders, for instance, can
use AgriDigital’s app to create and receive
“deliveries onto contracts, orders, and
inventory positions with real time valuations
and live position updates.” Additionally, buyers
can upload cash bids and be updated in

real time as they are filled. AgriDigital's grain
tracking and trading system currently has over
4,000 active users with 114 million tonnes of
grain, worth more than AUS $2 billion, having
been transacted.”™
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Carrefour

Solution 3: Develop and deploy quickly

SettleMint has been very active in the food supply chain use case for blockchain.
Alarge part of our success so far is due to our middleware solution having

the capacity to deploy in the real world at a much faster rate than well-known
competitors like the IBM Food Trust. For instance, while the testing alone for IBM's
Carrefour France project took 18 months, we were able to test and deliver a similar
solution for Carrefour Belgium in under three months.

SettleMint was basically like Lego for us. It allowed
us to quickly implement blockchain technology in
the Vingotte meat tracing app for Carrefour in one
weekend and a couple of days testing.

Our solution for that project, which was developed in collaboration with Belgian
inspection body Vingotte, enabled the tracking of Carrefour Belgium’s pork through
the use of QR codes affixed to products at packaging. The code is scanned

along the supply chain, with data stored in a blockchain deployed amongst and
verified by supply-chain participants. Belgian inspection body CEO Marco Croon
commented on the project in early 2019: “The application will enable stakeholders
to react more quickly and even more accurately to potential problems in the
supply chain, thus ensuring better overall food security.” Carrefour, for its part, saw
increased sales of its blockchain-enabled ‘Porc d’antan’ which is part of its Filiere
Quallité range.
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source: https;//actforfood.carrefour.eu/fr/nos-actions/Acte-19

Solution 4: Focus on interoperability with existing FSCM infrastructure

Fujitsu-backed Switzerland/Singapore-based startup Rice Exchange (Ricex) is

a trading platform built on Hyperledger Fabric, a permissioned version of the
public Ethereum blockchain. Ricex is an example of blockchain-enabled FSCM
infrastructure that identifies and focuses on interoperability with existing FSCM
infrastructure as a key to onboarding the necessary stakeholders.

The $450 billion global rice trade is a notoriously opaque and process-intensive
system. Not only do certification requirements for rice imports vary by region (with
the need for documents to be checked and matched manually) but, compared
to other staple crops, there are a wide variety of types and finishes for rice. This
makes the pricing of rice more complex than other staple crops. Consequently,
trading of rice globally, which has increased five-fold over the last 30 years to
become the world’s largest agricultural commodity, is managed by “a relatively
small group of individuals, with little transparency” according to a report from
Fujitsu.”” All of these factors make rice trading an ideal use-case for a blockchain-
supported system. As with other blockchain-supported supply-chains, it does this
by creating a real-time view for all stakeholders of verified, immutable data.



According to Head of the Brussels-based Fujitsu Blockchain Innovation Center
Frederik De Breuck, a key to enabling the success of the Ricex platform is
ensuring the blockchain component of the project interoperates with existing
infrastructures:

‘Ricex has shown great vision in adopting Fujitsu's
approach to distributed ledgers as a supplementary
layer in larger enterprise architectures, and not as
end-to-end solutions by themselves. We have placed

a focus on making sure the DLT can interoperate with
existing infrastructures. This is how we deliver true value
from investment in this exciting new technology.”

REDUCTION IN

THE TIME TAKEN

TO COMPLETE A
RICE TRADE

Demonstrating its ability to facilitate interoperability with existing infrastructure,
since launching in November in 2019, Ricex has successfully onboarded several
ecosystem participants, the addition of each of which contributes to the strength
and utility of the platform as a whole. These participants include a leading
shipping service focused on the important rice route between Asia and West
Africa, an insurance company who offers a dedicated marine insurance policy, an
ecolabel and assurance provider (enabling the verified certification of sustainably
produced rice), and an inspection and certification company.
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CONCLUSION

Many of the problems in status quo FSCM can indeed
be solved by blockchain-supported solutions. These
solutions represent a significant improvement over the
traditional IT solutions deployed in the first decades of
the century.

The key challenges are integrating blockchain-enabled
solutions with already existing IT solutions, deploying

a solution in a timely and cost-effective manner, and
engaging the wide and varied stakeholders in the
ecosystem, from smallholder farmers to medium-
sized processors, transportation companies, retailers,
and finally consumers. All of these challenges are best
overcome through active dialogue and a “feet on the
ground” approach to informing all stakeholders of the
benefits of the blockchain-enabled solution.

Highlighting to stakeholders the potential of blockchain-
enabled solutions to support sustainable development
goals is one important strategy for achieving “buy in.”
LT Y On the technical side, getting data models aligned
amongst stakeholders is an important part of the
solution. Offerings which integrate most or all of the five
above-listed “Solutions” are likely to gain traction more
£l quickly and achieve wider adoption.

J"}’.

Ultimately, if enough stakeholders can be incented
to join by providing clearly apparent value-add
and, if necessary, boosts through government- or
NGO-supported initiatives, the real power of these
decentralized networks can be unleashed on the

: : ., : : food supply chain. The result should be tangible
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“‘Blockchain-supported Consumer Goods Supply Chain
has emerged as a proven solution for increasing
transparency and efficiency, and for supporting
sustainability goals. Further, since network effects amplify
many of the benefits, as the technology becomes more
widely deployed, its utility will grow exponentially. As the
premier low-code blockchain-as-a-service platform,
SettleMint enables organisations to go from concept to
in-production solution in weeks. Using SettleMint’s tools,
organisations can rapidly develop powerful Consumer
Goods Supply Chain solutions that bring real value add,
allowing them to have a transformative impact on
Consumer Goods Supply Chain.”
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