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Abstract 

During the last years, an increasing amount of foodborne diseases and food scandals has highlighted 

the level of complexity that food supply chains have reached. In particular, it is becoming more and 

more complex for companies to quickly understand the origins of contaminated ingredients, while it 

is relatively easy for firms to hide fraudulent behaviours. As a consequence, it is possible to notice 

how the topic of transparency, in this environment, is becoming more and more discussed and 

considered as a solution in order to offer more comprehensive and reliable information about the 

products that we daily consume.  

 

Nonetheless, increasing transparency is not an immediate action, and requires a certain commitment 

from the companies involved in the supply chain. From this perspective, the digitalisation of different 

operations, together with the introduction of different innovations, may help in improving how data 

are managed and collected. But there are still some obstacles. Obstacles that can be addressed with a 

recent technology: the blockchain. In particular, this digital, immutable ledger seems to provide an 

effective solution to many of the problems faced when considering the problem of transparency. 

 

The aim of the thesis, is then the one to analyse the intersection of two main topics: transparency in 

food supply chains and the blockchain technology. Through the presentation of different phenomena 

that brought supply chains to be so complex, and a discussion related to the digitalisation of these 

same supply chains, it will be possible to create the grounds for assessing the capabilities of the 

blockchain in this field. 

 

With the support of two companies that contributed to providing relevant information, namely 

IMPLEMENT and BLOC, the author will then argue how an implementation of the blockchain could 

effectively represent a solution for improving the level of transparency in food supply chains, creating 

a stronger trust between consumers and companies, but also between the different supply chain 

players.  

 

 

 



 2 

  



 3 

1. Introduction ................................................................................................................................... 5 

2. Why did transparency in the food industry become so important? ............................................. 10 

3. The Research Question ............................................................................................................... 14 

4. Methodology ............................................................................................................................... 16 

4.1. Introduction .................................................................................................................................... 16 
4.2. Philosophy ...................................................................................................................................... 17 
4.3. Approach ........................................................................................................................................ 18 
4.4. Methodological choice and strategies ............................................................................................ 18 
4.5. Time horizon .................................................................................................................................. 19 
4.6. Techniques and procedures ............................................................................................................ 19 
4.7. Final considerations about the methodology .................................................................................. 20 

5. Data sources ................................................................................................................................ 22 

6. Main weak points observed ......................................................................................................... 24 

7. Supply chain transparency .......................................................................................................... 26 

7.1. The origins of supply chain transparency ....................................................................................... 27 
7.2. Defining supply chain transparency ............................................................................................... 29 
7.3. The components and structure of supply chain transparency ......................................................... 30 
7.4. Implementing supply chain transparency ....................................................................................... 32 
7.4.1. The initiatives of public institutions for supply chain transparency .......................................... 33 
7.4.2. Corporate initiatives for transparency ........................................................................................ 35 
7.4.3. The initiatives of NGO’s ............................................................................................................ 36 
7.5. Considerations following the literature review .............................................................................. 37 

8. Traceability and digitalisation in food supply chains ................................................................. 40 

8.1. The role of information in economic exchanges ............................................................................ 41 
8.1.1. Fostering the access to information for market transactions ...................................................... 43 
8.2. The digitalisation of food supply chains ........................................................................................ 44 
8.3. Insights about supply chain traceability and digitalisation with IMPLEMENT ............................ 46 
8.4. What should we expect in the future? ............................................................................................ 49 

 



 4 

9. The Blockchain Technology ....................................................................................................... 52 

9.1. An introduction to the blockchain .................................................................................................. 52 
9.2. Blockchain: a definition ................................................................................................................. 54 
9.3. Blockchain: the main characteristics .............................................................................................. 55 
9.4. Smart contracts: automating operations through the blockchain ................................................... 58 
9.5. Implementing the blockchain: business applications ..................................................................... 59 
9.6. Insights about the blockchain with BLOC ..................................................................................... 61 

10. The Blockchain in the food industry ........................................................................................... 64 

10.1. Provenance: traceability and sustainability through the Blockchain .............................................. 65 
10.2. Ripe.io ............................................................................................................................................ 69 
10.3. Walmart and IBM ........................................................................................................................... 70 
10.4. Main trends in the blockchain implementation for the food sector ................................................ 71 

11. Is the blockchain a valuable solution for transparency in food supply chains? .......................... 74 

11.1. Transparency, digitalisation and the blockchain ............................................................................ 75 
11.2. Advices for the implementation of a blockchain ............................................................................ 76 
11.1. Relevant KPIs ................................................................................................................................. 79 

12. Conclusions ................................................................................................................................. 82 

Bibliography ...................................................................................................................................... 84 

  



 5 

1. Introduction 

“We are what we eat” 

 

But are we aware of what we eat? 

 

In 2006, an outbreak of Escherichia Coli, a dangerous bacterium that can cause food poisoning, forced 

all the retailers in the United States to urgently recall all the spinaches from their shelves. It took the 

FDA around two weeks to understand that the disease originated from a single producer, and it was 

due to an error that involved the production of only one day. Nonetheless, even if the contaminated 

food products were quite limited in quantity, in order to guarantee the safety of final consumers, 

spinaches literally disappeared for weeks, given the fact that it resulted impossible to quickly trace 

the source of the bacterium and isolate it (IBM, 2017a). Moreover, consumption preferences were 

affected: consumers became less inclined to buy this type of vegetable, even after the creation of an 

association to control its quality and boost consumer confidence (Wang & Bravo, 2010). 

 

A couple of years later, the time for a new outbreak in the US came. In this case, peanuts were found 

containing another dangerous bacterium: salmonella. Two months were needed in order to find the 

responsible. In the meanwhile, 700 people were poisoned, and 9 died (Charles, 2015; IBM, 2017a). 

 

In a report published in 2013 by Deloitte, some data about foodborne illnesses are summarized. In 

particular, every year, on average, 300 food recalls are registered, with more than 75 million diseases 

originating from food, 325.000 hospitalizations and 5.000 deaths. 

 

Serious problems can also arise from food scandals involving fraud. For example, in 2013 European 

consumers have been involved in a quite famous case, in which lasagne advertised as containing 

100% beef meat, were found containing a high percentage of meat coming from a different type of 

animal: horse (Sarpong, 2014). A great attention has been put in explaining how this type of 

ingredient ended up being in the final product, and, as Figure 1 shows, the case offered another 

opportunity to demonstrate how complex supply chains can be. In particular, a second-tier supplier, 

Comigel, was found guilty. Comigel was reported as supplying companies in 15 countries, using 
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horse meat for products that were then sold by major companies such as Findus and Aldi (Willsher, 

2013). 

 

 

The increasing complexity of food supply chains is then revealing that the commonly adopted 

provision of “one step back and one step forward”1 for traceability is no more adequate, and 

transparency should be achieved in novel, more comprehensive and effective ways, in order to offer 

more exhaustive and reliable information about the origins and safety of food. 

 

Given the increasing importance that consumers are giving to food and its characteristics, such as 

quality and provenance, it is then fundamental that food operators act in order to provide more 

complete and transparent details about the food we daily consume (Fisher, 2015). 

 

Recent innovations in the Information and Communication Technology (ICT) environments started 

offering suitable solutions for enhancing the ability of companies to manage the path their products 

                                                
1 This provision, commonly adopted by many countries, expects that companies are able to identify 
the supplier (one step back) and the buyer (one step forward) of a certain product 

Figure 1: the horse/beef meet supply chain (The Guardian, 2013) 
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follow “from field to fork”. For example, Enterprise Resource Planning (ERP) software2 can help in 

keeping track of the different flows of goods in a company, while Electronic Data Interchange (EDI)3 

is considered as an effective standard for sharing information with other companies in the supply 

chain. 

Nonetheless, as highlighted in a recent presentation by IBM and Walmart (IBM, 2017a), there is a 

tendency to adopt tailored IT solutions that often struggle from an interoperability point of view, 

making communications with other companies quite complex. 

The main consequence is that, even if a certain level of digitalisation in a supply chain is achieved, 

firms adopt different standards for, example given, identifying products. It is then really hard to offer 

a comprehensive overview in terms of traceability, since a good changes its identification code at 

each stage in the supply chain, and it is rather easy to lose its traces. 

 

Luckily, there have been certain developments in the last years that may offer a breakthrough solution 

to these issues. 

Rising up from the controversial shadows of Bitcoin and cryptocurrencies, the blockchain technology 

seems to offer many of the characteristics needed to solve the fragmented scenario currently present 

for transparency solutions, through a tool that is able to merge and share relevant information about 

products in an easy, crystal clear and immutable manner. 

 

Many words and articles have been spent on this technology in the last months, often depicting it as 

a solution for different issues in which the availability of information is fundamental.  

Starting from these, and taking into consideration the different analyses about blockchain 

implementations, the aim of this thesis is to understand if the distributed ledger technology 

(alternative name for the blockchain) is a suitable solution for addressing the transparency issue in 

food supply chains. 

 

                                                
2 Software that integrates information systems of different functions (e.g., operations, marketing and 
finance) in a unique application (Gupta & Kohli, 2006). In the thesis, they are intended as software 
that help in keeping a trace of all the products received, processed and then shipped by a company. 
3 Defined as a “computer-to-computer exchange of business documents in a standard electronic 
format” (EDI Basics, n.d.), they allow to replace other communication tools, such as mails, paper or 
fax, with a unique, standardized solution. 
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With the support of companies involved in both the blockchain and supply chain environments, the 

project’s objective is to offer an overview about the efforts that have been made for achieving 

transparency, identifying the main obstacles, and presenting how the increasingly digitalisation of 

supply chains, combined with the blockchain, can help in addressing them. 
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2. Why did transparency in the food industry become so important? 

Before than presenting a comprehensive analysis of the topic of transparency in the supply chain 

environment, it may be useful to understand why this aspect became so relevant.  

The aim of this chapter is then to offer an overview about how food supply chains evolved in the past, 

and how they became the incredibly complex networks we can nowadays observe. 

 

The relation between humans and food has always represented an essential aspect of life for reasons 

that it is easy to understand. Food is one of the resources we could literally not live without, and it is 

a factor that has constantly shaped our existence. 

As a matter of fact, before than being able to domesticate plants and animals, ancient civilizations 

were forced to continuously move in order to follow animals and look for edible resources. Being 

nomadic represented the only solution for the inability to produce food. 

Later in history, the building of the first villages and cities has been the direct consequence of the 

first agricultural capabilities. Becoming sedentary radically changed our lifestyle, and, at the same 

time, our approach towards food, since we started acquiring a certain control over it. 

A second, radical, change came with the possibility to trade food. Even if limited to non-perishable 

products, since the time of Egyptians food started being exchanged, increasing the variety of products 

available for the different consumers. 

It took then quite some years for a new, profound modification of food habits to come: it was only 

after the industrial revolution that the introduction of the steam engine, the development of particular 

chemicals and the study of different substances allowed the creation of the basis for the modern food 

supply chain (Wilke, 2014). 

Food started being traded more often not only inside the same country, but new technologies made it 

possible to cover longer distances and foster international trade. As a matter of fact, the need of fast 

distribution and consumption has found a remedy in the use of airfreight, fast land transport, 

temperature control and sophisticated packaging (Lillford, 2008). 

 

Nowadays, we are used to buying goods coming from other parts of the world on a daily basis, and 

consumers are more and more interested in having access to an expanded variety of products, both 

domestic and exotic. For example, in the U.S. 50% of the fruit consumed comes from abroad, together 

with 20% of vegetables and 80% of seafood (Marler, 2013). One of the most curious achievements, 
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is the possibility to have two consuming seasons per year of annual temperate perishables (Anderson, 

2016). 

 

The topic of globalization of supply chains has been analysed, with a more structured approach, by 

authors such as Richard Baldwin. In particular, he highlighted how, in the last centuries, supply chains 

radically changed, because of phenomena such as the development of ICT technologies and the 

possibility to exploit new means of transportation. The main consequences can be found in the 

“globalisation unbundling[s]” (Baldwin, 2012), that involve the global dispersion of the phases of 

production and consumption. 

Unbundlings that are also due, According to Feenstra (1998), to companies trying to taing advantage 

of differences in technology, factor endowments and factor prices, such as wages. 

 

Actually, the same idea of “supply chain” is relatively recent, and follows the increasing need of 

coordination between actors that was translated in activities such as physical distribution, logistics, 

and, finally, supply chain management (Hou, Chaudhry, Chen, & Hu, 2017).  

 

What can be currently observed, is the presence of incredibly complex supply chains, that, on one 

side, offer the possibility to consume products coming from other countries, but, on the other, present 

different problems from a transparency perspective. As a matter of fact, many companies struggle in 

deeply understanding their supply chains, and often lose the control over their suppliers, as the 

examples in the introduction showed. 

 

Complexity of supply chains is then an effect that should be carefully taken into consideration when 

assessing the potential benefits offered by long-distance trade, and this is an issue strictly related to 

the trend of an increasing attention for transparency. Transparency that can be identified as the need 

to better understand the origins and characteristics of a product, through the availability of reliable 

information, and that is demanded not only by final consumers, but also by the different players 

involved in the supply chain. 

When looking at the consequences of food scandals such as the ones presented, it is clear that it is in 

the interest of all the involved stakeholders to avoid similar situations, that end up affecting the 

reputation of companies and the customers’ willingness to purchase certain products. As a 
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consequence, when it comes to foodborne diseases and frauds, transparency plays a fundamental role 

for identifying the sources of these issues.  

 

From an Information Technology perspective, we can assume that the digitalisation of supply chains 

allowed to increase the amount of information available about products and their origins. 

Nonetheless, it is still hard to obtain an overview about all the steps that characterize the path “from 

field to fork”. 

It is then with the aim of increasing the amount of data that are visible to relevant stakeholders that 

companies started looking into the blockchain technology. This innovation is considered as a tool 

able to change how information about products is managed, through the enhanced visibility and 

immutable records it offers.  

Instead of the common tracing capabilities that are limited to the “one step back and one step forward” 

condition, a comprehensive implementation of the blockchain technology in a food supply chain 

would allow to obtain a complete overview about the characteristics of products.  

This is due to the fact that the blockchain is an “immutable digital ledger of transactions”, in which 

all the changes of ownership of an asset are recorded and can be easily recalled. As a consequence, 

registering the different operations happening in a food supply chain on the blockchain, would mean 

creating a complete, digital trace of the path followed by products.  

Moreover, the blockchain is tamperproof, and prevents any later modification to data that may be 

committed with the aim of fraud. 

 

Nonetheless, the blockchain is still a relatively new technology, and while there is much hype around 

the cryptocurrencies environment, the first applications for different uses have been developed only 

recently. As a result, it is a technology not yet fully exploited and understood. For this reason, the 

aim of the thesis is also to offer a clearer overview about the topic to readers that just approached this 

theme, and are interested in understanding its fundamentals. 

 

  



 13 

  



 14 

3. The Research Question 

During the last years, many articles have focused on assessing the potential of the blockchain, taking 

into consideration different sectors, such as the financial one. Moreover, the biggest debates are 

probably related to cryptocurrencies, such as Bitcoin and Ethereum, whose volatility and recent pikes 

attracted the interest of many people looking for high-return investments.  

Nonetheless, only few companies and researchers tried to understand if the link between the 

blockchain and the issue of transparency could be a strong one, in particular with a focus on the food 

sector. Given the high number of scandals and the already presented critical situation for food supply 

chains, the author believes that it could be particularly interesting to understand if the blockchain 

could really improve the current condition. 

 

As a consequence, the following research question is the one that this master thesis aims at answering:  

 

“Is the blockchain technology a valid candidate for improving the transparency in food supply 

chains?”. 

 

Answering a similar question requires first of all an understanding of the “transparency” issue, which 

will be fully presented in the coming chapters, together with an analysis of the blockchain itself. In 

particular, it may be useful to spend some words on its technical side, presenting the characteristics 

that concur to making it a potential solution for the problems currently faced by supply chains, and 

explaining its main advantages when compared to the state-of-the –art in terms of digitalisation in the 

food industry.  

 

But before than addressing the two main topics of traceability and the blockchain, the following 

chapter will introduce the methodology of the thesis, in order to explain the approach that has been 

taken in order to analyse the topic. 
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4. Methodology 

4.1. Introduction 

The origins of the idea for this project can be traced back to two main factors, namely the strong 

interest of the author for technological developments and new innovations, and his exposure to the 

issue of transparency in the food industry during the last years, through experiences in different 

businesses.  

As a consequence, as soon as the potential offered by the blockchain technology has been understood, 

the exploration about the different environments in which it could have been applied has started.  

 

The first exploratory part can then be compared to the identification of practical problem, that is 

nonetheless insufficient in order to develop a good research project (Karlsson et al., 2016).  

The literature related to supply chain transparency has then been reviewed, in order to understand 

what type of contribution a study encompassing transparency and blockchain could have given. 

A potential confirmation about the fact that the blockchain could improve supply chain transparency, 

has been found in the fact that many authors highlight the potential offered by Information 

Technology in the food industry transparency, and the blockchain could be considered as a valid 

solution for the different issues highlighted in the literature. 

The resulting merger of literature and practical problems offered also the needed guidance for the 

development of the research question, in a way consistent with the one explained in Karlsson et al. 

(2016). 

 

After having defined the research question, the author focused on defining the right approach for the 

research itself. As stated in Saunders, Lewis, & Thornhill (2012), research is undertaken by people 

“in order to find out things in a systematic way, thereby increasing their knowledge”. This chapter of 

the project will focus on the term “systematic”, which involves the need to explain the methods used 

to collect data, argue how meaningful are the results, and highlight the main limitations of the results 

themselves (Saunders et al., 2012). 

In particular, for every research projects there are some choices that have to be done in terms of 

methodology. The following paragraphs will focus on these, explaining the main reasons behind the 

approach taken. 
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The chapter will follow the structure of the “Research Onion” (Saunders et al., 2012), an approach 

that results quite useful in order to identify a clear structure able to address the main issues discussed 

in this section. 

 

 

 

 

 

 

 

 

 

 

 

 

4.2. Philosophy 

One of the most relevant aspects of the methodology is represented by the research philosophy. As 

stated by Crotty (1998), “your assumptions about human knowledge ad about the nature of the 

realities you encounter in your research inevitably shape how you understand your research questions, 

the methods you use and how you interpret findings”. The research philosophy can then be considered 

as the assumptions related to how the world is viewed (Saunders et al., 2012). 

 

The research question may give a good indication of the philosophical approach that this thesis takes, 

given the fact that the main aim is to assess the potential of a new technology in business processes, 

and offer different recommendations to managers in order to improve certain aspects of the supply 

chain.  

Pragmatism is then considered as the most fitting philosophical approach that can be taken in order 

to deal with this topic, and reflects the idea of the author that “the importance of the meaning of a 

research finding are its practical consequences” (Saunders et al., 2012). Moreover, pragmatism offers 

the possibility to work with other philosophies as well. This last consideration is relevant given the 

fact that interviews, as it will be later discussed, represent a relevant part of the data, and an approach 

Figure 2: The Research Onion (Saunders et al., 2012) 
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that can be identified as “critical realism” is taken into consideration when analysing this type of 

information. 

“Critical realists argue that what we experience are sensations, the images of the things in the real 

world, not the things directly” stress the already mentioned Saunders et al. (2012). This idea is quite 

relevant when it comes to approaching the data collected, since the author believes that there is often 

a filter, identified in the “sensations”, between perceptions of the reality and reality itself. This same 

filter should be considered when analysing data collected with methods such as interviews, that often 

include personal views of the world, in order to detach the writer’s perspective from the emotions of 

the interviewee, and offer a more objective assessment of a phenomenon. 

4.3. Approach 

Another relevant methodological aspect that has to be considered during the research process, is the 

relation with theory. In this context, there are three main approaches. 

 

Deductive reasoning is identified with a conclusion that is derived logically from a set of premises, 

and a deductive approach is taken when the research starts with a theory, and, successively, a research 

strategy to test the theory is designed.  

Conversely, an inductive approach can be identified when the collection of data is made in order to 

explore a phenomenon, and generate theory. 

A third approach is the abductive one, which moves back and forth between data and theory, 

combining the two previous approaches (Saunders et al., 2012). 

 

In the particular case of this project, the last approached mentioned, namely the abductive one, is 

chosen. This is due to the fact that theory and data both represent starting points that are discussed in 

order to end up with the final recommendations. In particular, given the fact that the thesis represents 

a combination of two topics, one is firstly approached through theory (transparency in supply chains), 

while the other is initially analysed with the collection of data through interviews (blockchain 

technology). 

4.4. Methodological choice and strategies 

The next layer in the “research onion” is represented by the “methodological choice”, that is, in this 

case, a “multimethod qualitative”. Interviews and case researches are the methods used for the 
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collection of data. This is due to the fact that, given the newness of the topics analysed, there is still 

a lack of quantitative data that may be needed in order to express numerically the results of 

implementing the blockchain technology in a supply chain (Yli-Huumo, Ko, Choi, Park, & 

Smolander, 2016).  

As a consequence, with the aim of exploring the needs of supply chain managers, and the different 

characteristics offered by new IT solutions, interviews have been organised with the main partners of 

the project: IMPLEMENT and BLOC. 

The former has also given access to different cases that have been considered relevant for better 

understanding the supply chain environment. Different cases about the blockchain have also been 

considered, given the fact that various companies active in this sector have published articles about 

the implementation of this technology, such as in the case of PROVENANCE and ripe.io, that will 

be later presented. 

4.5. Time horizon 

The time horizon chosen for the project is best represented by the cross-sectional one. There are two 

main reasons for this. First of all, the time constraint given by the thesis project, which is developed 

in a matter of months, and does not give the opportunity to assess and report the implementation of a 

new technology over time. Moreover, this same technology is quite recent, with the consequence that 

there is a certain lack in terms of data and analysis and the impossibility to offer an analysis of the 

benefits and the different solutions based on the blockchain over different years.  

As a consequence, the different considerations that will be made in the thesis mainly refer to the 

period during which the project has been developed.  

4.6. Techniques and procedures 

The thesis has been developed in a relatively short window of time, from August 2017 to December 

of the same year. In this period, the author developed his knowledge about the different topics 

discussed relying on various sources of information, mainly through the analysis of relevant papers 

and other publications, and the collection of information through interviews and cases. 

 

One of the main sources of data have been interviews, that mainly involved two organizations: BLOC 

and IMPLEMENT. The latter gave also access to different cases, which represented another source 

of relevant information for the analysis presented in the project. 
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As regards the structure of the interviews, these can be categorised as in-depth, given the aim of 

exploring the topics discussed (Boyce & Neale, 2006).  

BLOC has been interviewed two times. During the first conversation, the main aim was to 

comprehend their understanding of the blockchain technology, its potential, and the possible 

implementation in the supply chain environment. The second interview offered the opportunity to 

cover more in deep the technical aspects of the technology considered, and take into consideration 

relevant details about the difficulties that may be found when addressing the different issues from the 

transparency and implementation points of view. 

IMPLEMENT organised three meetings, during which the author had the opportunity to work on 

both interviews and cases. Interviews have been mainly aimed at understanding the issues faced by 

companies in managing their supply chains from a transparency and digitalisation perspective. While 

the cases were centred around the same topics, they also offered the opportunity to understand the 

state-of-the-art in terms of digitalisation of the supply chain, the main problems faced by customers 

and how this consulting company approaches them. 

4.7. Final considerations about the methodology 

The previous paragraphs offered an overview about the different techniques used and choices that 

have been made when addressing the topics discussed in the project. As already mentioned, the thesis 

will continuously move back and forth between theory and practical issues, given the focus of the 

research question. Theory will offer relevant hints when analysing the issue of transparency and when 

trying to understand how the blockchain may enhance the efficiency of transaction, with a focus on 

transaction costs. At the same time, more practical hints have been offered by the companies that 

were involved in the interviews, giving a better idea of how theory can be translated into daily 

operations.  
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5. Data sources 

The data analysed for this project have a qualitative origin, and have been collected through 

interviews with two companies: IMPLEMENT and BLOC. 

While the former is an international consulting company particularly active in the supply chain 

management environment, the latter is a start-up based in Copenhagen currently developing 

blockchain-based solutions. 

 

The choice to take into consideration at least two companies for the data collection, has been driven 

by the need to gather information about two topics that are hardly present in a unique reality, namely 

supply chain management and the blockchain.  

Going more in deep in the decision, the author found these two realities as presenting really interesting 

characteristics and specializations, which turned out to be really valuable for achieving a better 

understanding of the issues discussed in the project. 

 

Relying on IMPLEMENT for collecting information about supply chains allowed to have access to 

both cases about their customers and opinions from the consultant that was identified as contact 

person. In particular, the digitalisation of supply chains represented the main topic of the different 

interviews, in order to better understand the main trends and problems faced by companies. 

Nonetheless, the company is still in an explorative phase about the blockchain, and was not able to 

provide comprehensive information about this second topic. 

This lack of information about the blockchain has been mitigated through the interviews hold with 

the different members of BLOC, a firm that, while mainly active in the maritime industry, recently 

started focusing on blockchain projects for the food sector. There are various reasons behind the 

choice of this particular company. First of all, some of its founders have a certain expertise in supply 

chain management, having worked for years in this environment. Moreover, the start-up recently 

concluded a pilot for implementing the blockchain in the maritime sector, which adopted interesting 

solutions that could be also used in different environments. 

 

Merging the information collected from the two companies, allowed then to identify what could be 

the relation between the different topics addressed, and increased the awareness of the author about 

how the discussed issues are approached from a practical perspective. 
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6. Main weak points observed 

 

 The author is aware of different elements that may contribute in making the results of the research 

relatively fragile, and the following paragraphs will deal with how these issues have been addressed. 

 

Firstly, there is a lack of quantitative data about the results that implementing a new technology such 

as the blockchain in the supply chain may bring. As a consequence, while from an ethical perspective 

and from an efficiency one it is possible to make different considerations, the cost-effectiveness can 

hardly be addressed. This may represent a relevant research topic for future studies, and this paper 

will not offer an in-depth quantitative assessment of the, e.g., cost structure of this technology. 

Moreover, a lack can also be observed in terms of academic literature related to the blockchain, since 

the main information about this technology can be gathered through white papers published by the 

organizations operating with it, but complete reviews have not yet been released by academic sources.  

In this last case, the author addressed the problem taking into consideration the articles published in 

relevant newspapers, and confronting the ideas expressed in the mentioned white papers with the 

opinions of operators in relevant IT companies. 

 

Secondly, while interviews have taken into consideration different entities, with different opinions 

about a solution such as the blockchain, a bias towards digitalisation and innovation has been 

observed in many of the interviewees. This bias may be related to an excessive optimism for the 

results of innovating in the supply chain. In order to mitigate this effect, the author relied on an 

interpretivist approach, following the methods presented in Saunders et al. (2012), during the 

interviews phases, and consulted different publications in order to have a broader perspective over 

the topics analysed. Moreover, it was a prerogative of the project to offer a dedicated section for 

analysing in a critical way if the possible benefits are real. 

 

Lastly, many of the information used in relation to the understanding of the current digitalisation level 

of supply chains have been given by IMPLEMENT. While the advantage of this condition is given 

by the fact that it is easier to gather the data, these represent information that may have been filtered 

by the source. In this case, the author compared the different information collected through cases with 

relevant literature, in order to assess the quality of data. 
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7. Supply chain transparency 

This chapter will predominantly deal with one of the guiding topics of the thesis: transparency in 

supply chains. Through a review of the literature surrounding this topic, the aim is to offer a better 

understanding of how it has been approached, and identify the main themes that will be then 

discussed. 

 

As it will be later explained, this concept is relatively recent, with a literature coverage that started 

developing only in the last 20-30 years.  

The increasing complexity of supply chains, which are now dispersed globally, the risks arising from 

foodborne diseases and an increasing consumer awareness, can be considered reasons that focused 

the attention of researchers on this topic. From this perspective, supply chain transparency can be 

seen as a tool able to offer an overview about how, where and when a product has been manufactured, 

providing information about the origins of raw materials while identifying the companies involved in 

the different steps of a path that, in the food industry, is defined as “from field to fork”. 

 

In order to analyse more in deep how the concept of transparency in the supply chain environment 

appeared and evolved in time, with the aim of understanding which were the factors that pushed 

towards the requirement of more information about the origins and characteristics of products, this 

chapter will focus on the literature review of supply chain transparency.  

The structure of the chapter is shaped around the characteristics of the academic discussion about this 

topic. In particular, as a consequence of the fact that it is possible to find resources with both an 

abstract and pragmatic approach, the first section will focus on a general overview of transparency, 

presenting later the publications that took into consideration this issue with a more practical 

perspective. 

As a result, besides the overview about how supply chain transparency has been defined and which 

are considered to be its components, a presentation of the different attempts made by different bodies 

in order to implement it will be offered. 

While this approach may result quite broad in relation to the focus of the thesis, it has the aim of 

offering a better understanding of how transparency is currently conceived and addressed, in order to 

obtain relevant insights that could be useful for the remaining part of the thesis.  
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7.1. The origins of supply chain transparency 

The concept of transparency in the academic literature can be considered as a relatively recent one, 

since it has initially been addressed in the last decades of 1900s. In particular, in the beginning 

transparency was related to right-to-know movements, and referred to the disclosure of information 

about local environmental pollution, as stated by Mol (2013). According to this same author, the 

following years saw transparency become a tool able to empower environmental victims against 

market and state forces that failed to protect and ruined the planet’s sustainability. 

The origin of transparency was then not related to supply chain management, but rather to 

environmental politics and governance, and did not took into consideration business and market 

initiatives (Mol, 2010). 

 

While in Mol (2010) it is possible to read that a market-driven approach towards the theme of 

transparency should have been expected only in the years following his publication, a business 

perspective dealing with it can be found in the contributions of authors such as Hofstede (2003) and 

Beulens et al. (2005). 

As stated by the same Hofstede (2003), his paper has probably been one of the first with a focus on 

the supply chain environment. 

The increasing attention towards this same topic that can be seen in the last 20 years, is related to 

different factors, such as food scandals involving the spreading of food-borne illnesses due to bacteria 

such as Salmonella or E. Coli (Beulens, Broens, Folstar, & Hofstede, 2005) and customers’ requests 

for firms to substantiate claims about their products, through reliable and complete information 

(Hofstede, 2003). 

Transparency is also seen as a response to the increasing complexity and globalization of supply 

chains. In particular, Kalfagianni (2006), author that mainly deals with food supply chains, stresses 

that one of the main consequences of the complex networks in which companies operate, is the rise 

of a not-sustainable food industry, problem that may be directly addressed through an enhancement 

in transparency.  

The issue of more international and complex supply chains is also stressed by other authors (Egels-

Zandén & Hansson, 2016). According to them, factors such as the outsourcing of labour-intensive 

production, together with an increased trade liberalization and deregulation of national economies 

have brought to an easier establishment of global supply chains. One of the consequences, is that 
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companies are able locate unethical activities in countries with a lower visibility, increasing the 

opaqueness of their operations (Egels-Zandén & Hansson, 2016). 

Zyglidopoulos & Fleming (2011) seem to summarize part of the previously discussed issues with the 

idea of “late modernity”. In particular, this would be an historical period that has given the possibility 

to large corporations to be less accountable to their stakeholders, and make it easier to conceal 

unethical practices. Transparency is seen by the two authors as a useful tool in order to solve the 

relevant problems that this phenomenon may cause. 

 

The role of transparency, would then be the one of offering more information to entities such as 

companies, customers and other stakeholders in business activities (Kashmanian, 2017; Trienekens, 

Wognum, Beulens, & Van Der Vorst, 2012; N. Wognum & Bremmers, 2009). 

 

More specific perspectives for the increasing focus on supply chain transparency can then be found 

in the literature that directly addresses specific industries. 

For example, in the food environment, transparency is reported as representing a need for 

guaranteeing food quality and provenance (Trienekens et al., 2012). Moreover, increasing 

transparency is considered as a fundamental response to the food scandals that brought consumers, 

governments and retailers to a stronger demand of food-related information (Beulens et al., 2005). 

A second industry that is often considered when discussing transparency in a supply chain is the 

fashion one (Doorey, 2011; Egels-Zandén & Hansson, 2016), where, due to an increasing relevance 

of sustainability, more and more information are needed in order to make clear the working conditions 

in manufacturing plants and fight sweatshop practices, with the aim of enhancing the respect for 

workers (Doorey, 2011). 

 

A last relevant remark regards the fact that, while transparency finds its roots in track & trace 

activities (Hofstede, 2003), it has evolved taking into consideration many other aspects of a supply 

chain, such as the mentioned sustainability (Doorey, 2011), and is currently applied for many, 

different, purposes, allowing companies to demonstrate that they are greener, leaner, faster or better 

in some other strategic way than their competition (Kashmanian, 2017). 
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7.2. Defining supply chain transparency 

After having analysed which are the origins and purposes of supply chain transparency, it may be 

useful to focus on how this concept has been defined in academic publications. The following 

paragraphs will then present the different definitions that are reported in the literature, introducing 

the one over which there seems to be a general consensus, namely the one proposed by Hofstede, in 

its work from 2003. 

 

The first definition presented can be considered as relatively simple, but it offers a strong message 

about the essence of this topic: “the disclosure of information”. This is how supply chain transparency 

is defined by Mol (2013), author that in a few words manages to explain what is the most important 

purpose of this practice. 

 

Information covers a main role in the definition of Kalfagianni (2006), as well. In particular, this last 

researcher defines it as “the openness and communication of information about [food] products and 

processes”. The book presented by Kalfagianni is mainly focused on the food supply chain, but many 

considerations that are done for the transparency in this industry can result valid also from a broader 

perspective. 

 

The last definition presented is the one reported in Beulens et al. (2005), based on the one present in 

the already mentioned work of Hofstede (2003), with the main difference consisting in the fact that 

the term “netchain”4 is replaced by “supply chain”: “transparency of a supply chain network is the 

extent to which all the network’s stakeholders have a shared understanding of, and access to, product 

and process related information that they request, without loss, noise, delay and distortion”. 

 

Analysing the other publications that discuss the topic of supply chain transparency, it is actually 

possible to notice how this last definition is commonly adopted (Bastian & Zentes, 2013; P. M. 

Wognum, Bremmers, Trienekens, Van Der Vorst, & Bloemhof, 2011). 

 

                                                
4 Netchains are the meeting point of supply chain and networks, merging the vertical and horizontal 
ties that relate firms and other stakeholders in the production of goods (Hofstede, 2003). 
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What emerges from the definitions, in a way that can be more or less complex according to the author, 

is the centrality of information. Transparency has then at its core the availability of information about 

business processes, information that can be accessed by all the relevant stakeholders. As regards this 

last term, “stakeholders”, it should be approached from a quite broad term, taking into consideration 

many different entities that may find relevant to have access to information about a product, such as 

public institutions, customers, and supply chain players.  

7.3. The components and structure of supply chain transparency 

As it is possible to notice from the previous section, there is a certain uniformity in the definitions of 

supply chain transparency, which, put in a simple way, can be recognised as the availability of 

information for the relevant stakeholders.  

More complex considerations can be done over the approach that the different authors have taken 

when analysing the structure and components of transparency: as a matter of fact, there are different 

conceptions about supply chain transparency. For example, certain authors decompose it in different 

elements, while others identify different types of transparency, according to the entity to which this 

is directed. The following paragraphs will then offer an overview about the different opinions related 

to the structure of supply chain transparency, with the aim of providing a deeper description of this 

topic. 

 

Hofstede (2003) distinguishes three types of transparency in a supply chain environment, taking into 

consideration a temporal dimension. In particular, transparency can refer to the past, present or future: 

• The transparency referring to the past is called “history transparency”, and is mainly centred 

around track and trace, following, according to the author, the need of containing calamities 

• The transparency referring to the present is identified in the information exchange between 

business partners, with the aim of coordinating their operations 

• “Strategy transparency” is the one oriented to the future, and it involves the sharing of 

operational and strategic information 

 

In Kalfagianni (2006), it is then proposed a different analysis, which decomposes transparency in two 

main dimensions: a vertical and a horizontal one. 
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While the former refers to “traceability”, with some similarities with the “history transparency” 

proposed in Hofstede (2003), the latter introduces a new concept if compared to the analysis of the 

previous author, since it is identified in the sustainability of a supply chain. 

While in Hofstede the information sharing appears to be limited to business partners, the introduction 

of sustainability presumes the release of information to “all the actors and society at large” 

(Kalfagianni, 2006). The operationalization of transparency through two dimensions is also adopted 

by other authors (Egels-Zandén & Hansson, 2016; P. M. Wognum et al., 2011). 

 

A third approach is then taken by Mol (2013), whom highlights how “four ideals of transparency can 

be distinguished”.  

The first type is called “management transparency”, and is related to the traceability in the context of 

logistics, total quality management and verification of products specification. 

The second type is called “regulatory transparency”, and is related to the requirements imposed by 

public authorities through their policies and legislation. 

The third one is called “consumer transparency”, and involves the disclosure of the production and 

product information related to claims of sustainable production processes and products, and to public 

or private labelling certifications. 

The last type is then the “public transparency”, which implies the publication of information about 

sustainability of production processes and products characteristics in the wider public domain. 

 

In Aaronson & Wham (2016) it is then possible to find a fourth analysis.  

The authors identify three main components of transparency, which are: 

• the disclosure of information about the names of the suppliers, allowing consumers to gather 

information about sustainability conditions 

• the consequent assessment made by individuals of suppliers, buying firms and purchasing 

practices 

• the resulting possibility for the consumer to make informed decisions for the purchase 

This last case seems to present supply chain transparency as particularly focused on increasing the 

awareness of consumers about the products they purchase. Traceability is not mentioned, and 

sustainability is presented as the main purpose of transparency. 
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In the presented structures of supply chain transparency, it is possible to identify some common 

elements, even if the different authors approached the topic from different perspectives. In particular, 

the two dimensions proposed by Kalfagianni (2006) seem to be present, in a more structured way, in 

the four types of transparency identified by Mol (2013). These two authors highlight how both 

traceability and sustainability represent fundamental components of supply chain transparency. 

Moreover, when considering the “stakeholders” that should have access to the information according 

to the definitions previously presented, these two approaches are the ones that offer the broadest 

target, involving customers, supply chain players and institutions. 

Actually, the variety of the entities that have access to and should find relevant the information made 

available by transparency, could be considered as an element for characterizing the different 

approaches about the structure of supply chain transparency. 

In particular, Hofstede (2003) seems to be focused on increasing the efficiency of the operations of 

companies in the supply chain, while Aaronson & Wham (2016) limit the scope of this discipline to 

the possibility for final customers to assess the sustainability of products and supply chains.  

 

An interesting remark that it is possible to make, is how transparency seems to be presented as an 

evolution of the discipline of traceability by different authors (Hofstede, 2003; Kalfagianni, 2006; 

Mol, 2015). Starting from the tracking of products in a supply chain, transparency is then also able 

to offer more information about all the different conditions and requirements that can be found in 

each stage of the same supply chain, combining information that can result relevant for increasing 

the efficiency of logistics, that may offer an additional value to customers, or give the possibility to 

explain how a product respects certain requirements imposed by regulations. 

7.4. Implementing supply chain transparency 

As previously mentioned, a relatively broad part of the literature surrounding the concept of supply 

chain transparency presents the analysis of more practical approaches done by different entities for 

increasing the amount of information available about supply chains. 

This section of the literature review, has three main aims: 

• Presenting a more complete overview of the academic literature published about the topic of 

supply chain transparency, including papers having a more practical approach than the ones 

already presented 
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• Offering an introduction over the main attempts that have been done by corporations and other 

entities for increasing the level of transparency of supply chains 

• Showing the coherence, if present, between the previous analysis that took into consideration 

the definition and structure of supply chain transparency, and the attempts for its 

implementation 

 

The following three sub-sections will present how transparency has been approached by different 

entities, namely how public institutions, the corporate world and NGOs have behaved in order to deal 

with the increasing need of information about supply chains. 

7.4.1. The initiatives of public institutions for supply chain transparency 

An analysis of different transparency initiatives advanced by policy makers can be found in Aaronson 

& Wham (2016), with a focus that is mainly on labour rights.  

The authors take into consideration four different cases of regulations addressing directly supply 

chain transparency, mainly with the aim of reducing the use of conflict minerals and avoid the 

exploitation of slave labour. The four acts that have been published in the United States and European 

Union, and are: 

• The Dodd Frank Conflict Minerals and Publish What You Pay Provisions (Section 1502) 

• The EU Conflict Minerals Supply Chain Transparency Regulation 

• The California Transparency in Supply Chains Act (SB 657) 

• The U.K. Modern Slavery Act 

 

One of the main remarks made in their paper, is that there are different obstacles hampering the full 

implementations of these measures, such as the fact that they are expensive to apply, they can do little 

to empower workers, and firms are not disclosing enough information (Aaronson & Wham, 2016). 

 

The Section 1502 of the Dodd Frank Act has also been discussed in another paper (Sarfaty, 2015), 

stressing that only 7% of companies reports strong due diligence measures. The obstacles highlighted 

in this second paper are related to the fact that certification standards are still evolving and often 

competing, and inadequate local security and weak governance inhibit the mapping of mineral trade 

and the tracing of minerals. The same author also underlines the fact that there is an increased 
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recognition of human rights, labor rights and environmental violations, with a growing body of 

regulation that is arising in order to reduce these practices.  

 

The California Transparency in Supply Chains Act is then the focus of a third paper (Ma, Lee, & 

Goerlitz, 2016). The authors described the Act that, published in 2010, went into effect in 2012, with 

the goals of eliminating human trafficking and slavery issues, and informing consumers about 

companies that can be considered socially responsible. In this work, it is highlighted how only half 

of the companies analysed in the study adhered to the Act. Nonetheless, there is a potential positive 

consequence consisting in the fact that it may become necessary for companies outside California to 

provide information on their socially responsible actions. 

The same Act is then mentioned in Greer and Purvis (Greer & Purvis, 2015), whose paper is centred 

around the public approach for transparency. In this latter case, the California Transparency Act is 

used as an example for increasing the public awareness around the issue of human trafficking. 

 

Focusing on a different industry, Mol (Mol, 2014) analyses the strategy followed by the Chinese 

government in order to cope with food quality problems. The country is relying mainly on state 

institutions, and the 2009 Food Safety Law strengthened the control of food quality and safety. In the 

case of China, a relatively strong commitment of the government is needed since supply chain actors 

are not releasing enough information, there is a lack of reputational capital, and an absence of liability 

systems (Mol, 2014). 

 

The food sector is also the focus of another paper (Schwägele, 2005), in which the author presents 

the General Food Law of the European Parliament and Council, stressing how there is a need for 

traceability systems in order to give information on origin, processing, retailing and final destination 

of food. The mentioned law (from 2002), outlines the general principles and requirements of food 

law, it establishes the European Food Safety Authority and provides procedures related to food safety.  

 

A third resource discussing food supply chains describes the General Food Law as well, together with 

other regulations that should be respected in relation to the tracking and tracing of meat, or the 

compulsory registration of animals. Nonetheless, the authors underline how regulations often do not 

describe how the systems should be realized, leaving a certain freedom to stakeholders. One of the 
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main consequence, is the fact that current solutions are not adequate (Kassahun, Hartog, & 

Tekinerdogan, 2016). 

7.4.2. Corporate initiatives for transparency 

Together with the efforts made by public institutions in order to create and foster transparency in 

supply chains, it is also possible to notice that different companies have followed certain processes 

and initiatives in order to increase the transparency of their operations.  

 

For example, different firms active in the fashion industry (Doorey, 2011) started publishing the full 

list of their factories after 2005, following the pressure made by organizations such as the USAS 

(United Students Against Sweatshop). Nike, one of the first firms to publish this type of list, was then 

followed by Levis, Timberland, Puma, Adidas and Reebok. 

A different approach has been taken by the Swedish firm Nudie Jeans (Egels-Zandén & Hansson, 

2016; Egels-Zandén, Hulthén, & Wulff, 2015). In this last case, the company’s mission is to be “the 

most transparent company in the world”, following a scandal during which Nudie’s products were 

found to contain traces of banned chemicals. When the company realised that the chemicals were 

transmitted to their products during the transportation phase, it understood the value of having more 

detailed information about “where and how their products were produced” (Egels-Zandén et al., 

2015). 

 

A wider review of companies’ initiatives is then presented by Kashmanian (Kashmanian, 2017). Here, 

the author focuses on different strategies that firms may follow in order to advance the transparency 

of their supply chains, such as improving the traceability, mapping their suppliers, requiring 

certifications, setting goals, reporting publicly their progresses and analysing the progresses of their 

suppliers. Different companies that acted in these directions are mentioned, with Dell stating that 

“complete transparency is becoming the standard for responsible global companies”, and Cisco 

underlining the relevance of supply chain transparency in order to improve labor standards and 

advance their ethical sourcing. Mars addresses sustainability in order to increase its accountability, 

while HP considers it critical for engaging with stakeholders. Other examples highlight how down 

and wool used by Patagonia are traceable to the individual firm level, and both PepsiCo and Unilever 

are working on full traceability of the palm oil they use.  
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7.4.3. The initiatives of NGO’s 

Together with private actors and policy makers, different non-governmental organizations have 

pushed the idea of transparency as well (Doorey, 2011), in particular for supply chain labour 

practices. Among these organizations, it is possible to find ETAG (Ethical Trading Action Group) 

and USAS (United Students Against Sweatshop). While the former highlighted how a law for factory 

disclosure would encourage companies “to become more knowledgeable about their supply chains, 

establish longer-term business relationships with trusted suppliers, and better monitor labour 

practices in their supply chains” (Doorey, 2011, p. 394), the latter is described as the organisation 

posing the seeds for factory disclosure advocacy (Doorey, 2011). In the mentioned paper, Doorey 

mentions CERES, as well. This last NGO encourages companies to engage external stakeholders on 

environmental issues and to publicly report, through the use of the Global Reporting Initiative. 

 

The Rainforest Alliance is another NGO that is mentioned in the literature (Kashmanian, 2017). Its 

aim is to identify key actions for companies in order to be more accountable and transparent, for 

haltering deforestation. Moreover, in the same paper the author underlines how CERES focused on 

greater supply chain transparency including 20 sustainability expectations in the roadmap for 

companies, that should be met before than 2020.  

 

Greenpeace took into consideration transparency as a criterion for assessing companies’ 

sustainability, together with responsible sourcing and industry reforms (Kashmanian, 2017). 

Assessing suppliers started also being part of the guidelines of the Global Reporting Initiatives, an 

independent international organization focused on sustainability.  

The United Nations intervened as well on the topic, stating through the United Nations Environment 

Programme that the lack of transparency is considered a fundamental obstacle for the promotion of 

sustainability in supply chains (Kashmanian, 2017). 
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7.5. Considerations following the literature review 

The review of the literature surrounding the topic of supply chain transparency offered many relevant 

inputs, allowing to better understand which are the origins of the topic, what are its main components, 

and how entities, such as governments, corporations and NGOs, are acting in order to create more 

transparent environments. 

 

As explained, transparency is a relatively recent issue, that, from a broader point of view, has been 

linked in the beginning to the need for public institutions to disclose more information about their 

behaviours.  

Only later the idea of transparency has been applied to supply chains. From this point of view, an 

interesting idea is the one of “late modernity” (Zyglidopoulos & Fleming, 2011), an historical period 

in which companies are somehow allowed to be less accountable about their operations. “Late 

modernity” is presented as the consequence of the globalization and increasing complexity of supply 

chains, that brought to a condition in which companies are not completely aware of the characteristics 

of their supply chains. Actually, the relation between companies and this opacity may be considered 

as double: on one side, companies can take advantage of the fact that it is quite tough to control what 

happens in supply chains, and hide certain activities from the eyes of customers or regulators 

(Zyglidopoulos & Fleming, 2011), while on the other, companies may live this situation in a more 

passive way, with a lack of awareness about the real origins of the products they manage (Kalfagianni, 

2006). 

 

A particular characteristic of the literature about supply chain transparency, is the fact that it is 

possible to find many references to two industries: the food and the fashion one.  

This may be due to different reasons, but these two industries actually embody the two main 

components that are found in literature for transparency: traceability and sustainability. 

 

In the case of the food industry, this one has a strict relation with the issue of traceability, since it 

results fundamental to “track and trace” raw materials and products that may end up being dangerous 

for human beings if they are contaminated. The food industry has been actively addressed by 

regulators, with the aim of guaranteeing the safety of consumers, and, when looking into the 

“traceability” topic, it is rather easy to find many food-related publications (Dabbene, Gay, & Tortia, 

2013). Nonetheless, different companies in the food industry are also trying to enhance the 
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transparency of their supply chain with the aim of increasing their sustainability. As a matter of fact, 

according to the cases presented in Kashmanian (2017), traceability seems to be a means used to 

reach a higher sustainability. Sustainability to which is then particularly close the fashion industry, 

environment in which both companies and regulators acted in the last years in order to increase the 

amount of information about supply chains, with the aim of fighting bad practices such as slave labor. 

Labor practices are the focus of NGOs, as well. These last organizations are trying to push towards a 

direction in which companies disclose more and more data about their products, in order to offer a 

better clarity about how they operate.  

 

When considering the different cases about the implementation of measures for increasing 

transparency about supply chains, it is possible to notice how there is an increasing number of 

initiatives, and companies seem more and more sensitive to topics such as labour rights and the 

sourcing of sustainable raw materials. In terms of food supply chains, there is a rising number of laws 

and regulations that aim at disclosing information about the origins and characteristics of goods, 

addressing directly the dimension of traceability. Nonetheless, the literature is relatively scarce as 

regards the initiatives of the corporate world for enhancing traceability in the food industry, maybe 

due to the fact that firms are presenting a certain resistance, as showed in the case of China (Mol, 

2014). At the same time, the different argumentations done for initiatives aimed at enhancing 

sustainability, can be kept into consideration when analysing traceability, such as the need to develop 

an economically feasible solution, or the presence of too many different standards that should be 

unified. 

 

A missing topic in the literature is the assessment of the relation between transparency and business 

performances (Egels-Zandén & Hansson, 2016; Egels-Zandén et al., 2015). In particular, there are no 

studies focusing on understanding if the revenues of companies offering a better transparency 

improved because of this reason. 

Actually, companies that put an effort into better understanding their supply chains have to invest 

certain resources, and there is a trade-off between the potential increase of sales due to consumers 

willing to buy “transparent” products and the cost of putting in place a system able to analyse the 

huge amount of information about a supply chain (Egels-Zandén et al., 2015). 
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As regards this project, there are some considerations that should be pointed out after the previous 

sections.  

 

In particular, as it is possible to notice from the definitions of supply chain transparency, the main 

issue that will be addressed is the one of having reliable and complete information about supply 

chains, and the project will be centred on the definition of supply chain transparency as “the extent 

to which all the network’s stakeholders have a shared understanding of, and access to, product and 

process related information that they request, without loss, noise, delay and distortion”. 

As regards the component of transparency that will be taken into consideration, given the main focus 

on the food industry, traceability will have a prevalent role if compared to sustainability. This is due 

to the reason that, following the idea proposed by Hofstede (2003), traceability represents the inner 

essence of transparency, with sustainability that is only a consequence of the possibility to clearly 

identify the companies and products involved in the path “from field to fork”.   

 

The structure proposed by Kalfagianni (2006) is then the one that drives the understanding of 

transparency, and this is mainly due to the choice of having a simple approach towards the topic. 

While the decomposition of transparency in four different elements proposed by Mol (2013) remains 

a really interesting one, the author believes that a less structured approach will help in the exploration 

of how certain technologies can help in enhancing the level of clarity of supply chains. Moreover, 

acting on a single element of the four highlighted by Mol (2013) may have positive effects on all the 

others, with the consequence that a broader approach may be sufficient in order to address 

sustainability for the different stakeholders, namely regulators, companies and customers. 

 

A last remark that it is possible to make about the literature involving transparency, regards the lack 

of a corpus about how digitalisation may help in improving the amount of information available in 

supply chains. Nonetheless, it is possible to find different resources when considering the issue of 

“traceability”. 

An overview about the relation of technology and information availability in supply chains will then 

be presented later, merging the data collected through different sources, which also include the 

interviews organised for the project. 

  



 40 

8. Traceability and digitalisation in food supply chains 

This chapter of the thesis presents a particular relevance in terms of directing the remaining part of 

the analysis made on food supply chains. 

In particular, as previously mentioned, the concept of “transparency” can be considered as composed 

by two dimensions: traceability and sustainability. While both of them remain relevant with the aim 

of reaching a more transparent supply chain, able to offer a comprehensive amount of information to 

interested stakeholders, the focus of the remaining part of the project will be traceability. 

This is due to two main reasons. First of all, as pointed out in the previous section, traceability is 

often considered by firms as the intermediate step in order to address sustainability. Only through a 

careful analysis of all the steps that characterise a supply chain, it is possible to analyse and assess 

how sustainable the companies involved are. Secondly, given the decision to address the topic of the 

blockchain, traceability seems to be the dimension more fitting for this type of analysis, since it is the 

one on which IT and digitalisation seems to have had the most notable effects. 

 

Defined as “the ability to trace and follow a food, feed, food producing animal or ingredients, through 

all stages of production and distribution” by the International Organization for Standardization 

(Regattieri, Gamberi, & Manzini, 2007), the relevance of traceability increased in the last 15 years 

with the aim of, on one side, reducing operating costs and increasing productivity, and, on the other, 

acting against the spreading of food-related diseases that brought to serious health problems among 

consumers, whose confidence towards food safety decreased (Parreno-Marchante, Alvarez-Melcon, 

Trebar, & Filippin, 2014; Regattieri et al., 2007). 

As a consequence, a higher amount of information about food products started being required both 

from companies, consumers and public institutions, in particular for beef (Regattieri et al., 2007). All 

these bodies show an increasing interest in the data that may guarantee a higher level of quality or 

safety about the food that they daily consume or produce. 

 
For the different aims that food traceability has, the paper-based documentation that characterised 

food exchanges in the supply chains seem no more an adequate means, and different solutions able 

to digitalise the different processes related to information collection, storing and sharing have been 

developed, such as Enterprise Resource Planners (ERP), the use of RFID (Radio-Frequency 
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Identification)5 sensors and Electronic Data Interchange (EDI). Nonetheless, these represents only a 

portion of the tools used for traceability, and all have different benefits and disadvantages. 

Before than presenting more in deep the different digital tools that could help in improving 

traceability, this same topic will be approached from a more theoretical perspective, inserting it in the 

framework of transaction costs. 

8.1. The role of information in economic exchanges 

The different events that have been previously presented, such as foodborne diseases and food-related 

frauds, are often due to the fact that actors exploit information asymmetries and present opportunistic 

behaviours, that allow them to hide to customers certain characteristics of food products, or take 

advantage of the fact that it will be too difficult for other supply chain players to trace back the food 

products to their real origins. The correct flow of information is then compromised, and this may 

bring to lack of trust, that can be noticed also among consumers (Morgan, 2017). 

 

As a matter of fact, while neoclassical markets are considered efficient and are supposed to rely on 

costless transactions, with actors that have access to a state of “perfect information”, this same 

information is often a missing element in economic exchanges (Boerger, 2016).  

The condition in which we are living, seems closer to the one presented by the New Institutional 

Theory, according to which the information available to individuals is limited (Agboola, 2015). 

One of the most relevant consequences of the lack of perfect information, is reported to be the 

presence of “transaction costs” (Coase, 1960), defined as “the costs of collecting information, 

bargaining, communicating, decision making, and enforcing contracts between individuals, firms and 

the state” (Nolan & Trew, 2011). 

 

As reported in Agboola (2015), the approach taken by Coase served as inspiration for two other 

authors, namely Williamson and North, whom highlighted how cognitive limitations or bounded 

rationality, together with opportunistic behaviours, have as an effect the mentioned creation of 

transaction costs. While the former developed his theory around the choice of governance structure 

                                                
5 RFID tags or sensors can be considered as similar to barcodes, but with the main difference that 
they can be read without being aligned in a particular way with a scanner, can store more information, 
and can be linked to sensors for temperature or position. 
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of a company according to the incidence of transaction costs, the approach taken by North reveals 

some interesting inputs and considerations for the purpose of this thesis 

 

According to North, the costs of transacting arise because information is costly and asymmetrically 

held by the parties (Agboola, 2015). As a consequence, in the words of North: “throughout history, 

institutions have been devised by human beings to create order and reduce uncertainty in exchange” 

(North, 1991). 

Institutions, in this case, refer to “humanly devised constraints that structure human interaction” 

(North, 2016), such as formal rule or informal constraints, and are devised in order to directly address 

transaction costs and make transactions less risky. 

A relevant factor that has been considered in the costs of exchange (North, 1987), is the fact that in 

impersonal exchanges there is nothing to constrain the parties from taking advantage of each other.  

One of the main consequences is that trust is not guaranteed in transactions, and this is an element 

that should be somehow built. According to the definition presented in Sahay (2003), trust can be 

considered as the “expectancy of positive (or non-negative) outcomes that one can receive based on 

the expected actions of another party in an interaction characterized by uncertainty”. It can be noticed 

how this definition of trust can be translated as the absence of opportunistic behaviours.  

 

It is then possible to identify a deep relation among information, trust and transaction costs. 

 

The availability of information can increase the trust between two partners, and allow then the 

reduction of transaction costs bringing to more efficient operations in a market. Tools able to act on 

the first two elements, namely trust and information, can be considered as “institutions” from the 

perspective of North.  

In a similar way, traceability can represent an institution, as explained in Banterle & Stranieri (2008). 

In particular, traceability standards can be seen as effective instruments for reaching more sustainable 

relationships in a supply chain, with the consequence of improving corporate behaviours and 

transaction transparency (Stranieri, Orsi, & Banterle, 2017). 

Moreover, Information Technology can also serve for creating less risky relationships, promoting 

information exchange (Singh & Teng, 2016). Technology is then mentioned by Schiefer & Deiters 

(2013) as a tool particular effective for the same aim of increasing the communication and information 

sharing, with the purpose of creating more transparency and, as a consequence trust. 
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8.1.1. Fostering the access to information for market transactions 

As discussed in the previous section, information plays a fundamental role in market transactions, 

and is able to create a relation of trust between the different parties taking part into the transaction 

itself.  

The role of “institutions”, considered from the perspective of North, should then be the one to improve 

the conditions in which transactions happen, making more relevant data available for the different 

partners, creating an environment in which trust is easily reached and opportunistic behaviours are 

discouraged. 

From this point of view, it is interesting to notice how technology, with its power to connect many 

different realities and allow them to exchange data instantaneously, can represent a candidate for 

enabling a stronger sharing of information among business partners. Information Technology, in 

particular, brings with itself a series of powerful tools and techniques that may allow to increase the 

understanding of business operations, providing the different parties with a sufficient amount of data 

in order to act in a more efficient manner when concluding transactions with other partners.  

 

The purpose of this thesis, is then the one to understand how technology, and an easier access to 

information, may help in reducing the “transaction costs” that can be identified in the food sector. In 

particular, every time a fraud is carried out or a disease starts spreading, it is easy to imagine how 

many companies, and customers, will lose trust in products and suppliers, bringing then to a situation 

in which more and more resources are spent in order to assess the real quality and origins of products. 

This need to start a sort of “due diligence” for understanding all the characteristics of a product, can 

represent a huge transaction cost, and may even discourage consumers from buying certain goods. 

The exploitation of tools that may allow to have a clearer access to information about how a product 

has been cultivated, processed and distributed, could help in mitigating a similar condition. 

 

The following part of the project will then directly address the topic of technology and digitalisation 

in supply chains, in order to offer an overview about the recent developments, that will be concluded 

with the introduction of the blockchain technology, constituting a really interesting tool for improving 

the quality of information in supply chains, and increasing the quantity of data shared. 
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8.2. The digitalisation of food supply chains 

While paper documents are still used in different companies for traceability purposes, there is a 

certain number of tools that the Information Technology started offering, which may result in a better 

information management (Bevilacqua, Ciarapica, & Giacchetta, 2009).  

In particular, the aim of this chapter is to offer an overview about the tools that would allow to obtain 

a “full-chain digital traceability”, namely: “the use of electronic records and technology both to track 

the forward movement of a product through various stages of a supply chain and to trace backward 

the history of that product including locations, transformations and applications” (Hardt, Flett, & 

Howell, 2017). 

 

An interesting approach that can be taken in order to present the different technologies, is the one 

taken by Bai et al. (2017), in which the minimum requirements for a traceability systems are 

considered to be identification elements, a database and an information flow. 

 

In terms of identification elements, the most common example is probably given by bar-codes, which 

can be easily printed on a sticker, that is then applied to products. In livestock farms, it is also quite 

common to use tags that are applied on the different animals, reporting an identification code (Bai et 

al., 2017). Other tools that can be used with this purpose, are QR codes and RFID sensors. The last 

ones, in particular, are becoming increasingly interesting, due to the fact that they can contain more 

data, without the risk of losing their readability  (Bai et al., 2017; Parreno-Marchante et al., 2014). 

One of the main problems related to RFID sensors, is their cost (Regattieri et al., 2007), that may 

bring companies to consider other solutions. Nonetheless, when taking into consideration products 

that have a certain value, it is possible to notice how the cost of a RFID tag may be justified, and offer 

an effective way to store and make available the data about the product (Regattieri et al., 2007). 

Moreover, RFID sensors can support the registration of temperature or light level, making them a 

more comprehensive solution than the mentioned barcodes or QR codes (Liang, Cao, Fan, Zhu, & 

Dai, 2015). 

 

As regards the database part, this can be considered as the solution used by a company in order to 

collect, store and manage data internally. From this perspective, the two main tools can be mentioned 

are paper and computer software, such as ERPs. While the use of paper is the cheapest solution, and 

does not require particular skills, it is easy to imagine how the use of a dedicated software may speed 
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up all the different operations related to the registration and recall of information. A relevant issue, 

in this case, is highlighted in Parrenoo-Marchante et al. (2014), authors that highlight how many small 

companies do not have access to a digital traceability solution, and still rely on paper due to cost and 

missing skills (Aung & Chang, 2014). The problem of the digitalisation of small companies is actually 

a recurring one (Parreno-Marchante et al., 2014), and a comprehensive solution from the traceability 

perspective should be able to address this issue, as well. 

From a more technical perspective, database can be categorised as centralised, decentralised and 

distributed. Moreover, they can be placed locally in a company, or accessed through a cloud interface. 

Given the fact that this aspect is a peculiar one of the blockchain technology, a more detailed 

explanation will be presented later. 

 

The last factor mentioned by Bai et al. (2017) is related to the information flow happening between 

actors. In this case, this flow can take the shape of a digital message or a paper document. The current 

requisite of offering a “one-step-back and one-step-forward” traceability does not prevent companies 

from still relying on tools that can be considered slow and not integrated across supply chains, such 

as letters attached to the goods or mails. Nonetheless, there are other solutions that can be considered 

more effective, such as the use of EDI through ERP systems (Hardt et al., 2017). These last authors 

also presented another solution, that relies on Application Programming Interface (API) able to 

collect data from different software that a company is using, and share them across the supply chain. 

Nonetheless, only a small portion of companies is currently exploiting ERPs for sharing data, and 

both EDI and API do not offer a full interoperability, since the data that are collected are often coded 

in a way that is specific for the firm/software, and cannot be understood by other companies (Hardt 

et al., 2017). This last issue has been presented as a lack of “interoperability” of the different systems 

adopted, and represents a relevant obstacle since companies, even if are able to collect and store 

information, are not able to create a comprehensive overview that is interlinked with other partners 

about the different processes products go through (Bhatt et al., 2016; Bhatt, Gooch, Dent, & Sylvia, 

2017; Hardt et al., 2017). 

 

It is then possible to notice how a holistic traceability system, composed by identification elements, 

a database and an information flow (Bai et al., 2017), that is able to transmit accurate, timely, 

complete and consistent information with the aim of reducing operating costs and increasing 

productivity (Regattieri et al., 2007), while guaranteeing the safety of products, is not present yet. 



 46 

 

While many companies are currently imaging future scenarios which involve the presence of highly-

advanced traceability technologies, such as a broad use of RFID tags, smart sensors and constant 

position tracking (pwc, 2016), there are still many obstacles on the way. 

8.3. Insights about supply chain traceability and digitalisation with IMPLEMENT 

After having presented some of the most relevant considerations about the digitalisation of supply 

chains, with a focus on traceability, that it is possible to find in the literature, this section will offer a 

summary of the interviews that have been organised with IMPLEMENT. 

 

With the aim of collecting ideas and impressions from companies directly involved in managing the 

transparency and traceability in supply chains, during the last months the author took part in different 

conversations about this particular aspect with a consulting company whose main focus is on supply 

chain management. This allowed to analyse the information that has been gathered through different 

cases, and understand what are the opinions of the consultant that has been interviewed.  

The interviewee is currently working in the SAP implementation department of the company, and has 

then been able to offer an overview about the current capabilities of ERP systems, how they are used 

by customers and which are the main advantages and issues with this type of software. The 

information collected represented both data coming from various cases, and opinions of the 

interviewee. 

 

During the different interviews, it has been possible to have a confirmation about the different issues 

that are discussed in the literature and, in particular, while traceability seems to be an increasing 

request from customers, there are still some obstacles. 

 

First of all, many processes in the supply chain are still managed through paper documents. A lot of 

companies are not used to digital tools, and they consider the use of paper definitely easier than the 

use of a dedicated software. It is then possible to notice a certain resistance towards digitalisation.  

Currently, there are some solutions that are trying to create a bridge between paper documents and 

the creation of their virtual version, which may represent a first step towards a more digitalised 

environment. One example is given by “smartscan”, which is able to upload a document on an ERP 

just by taking a picture of it. Moreover, certain data may be recognised, and automatically recorded. 
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Secondly, the already presented issue of interoperability has been underlined. While many companies 

rely on software released by the same companies, such as SAP, Microsoft or Oracle, there is a lack 

of communication and understanding from the implementation of these software in different firms. 

An example is given by the identification of products that are shipped or received. It has been 

explained how companies have adopted different methods in order to identify the goods that they are 

managing, and this translates to different ways for assigning batch numbers (identification codes). 

The company receiving goods with a certain batch number, is then likely to change it in order to 

standardize it with its own method of recording products’ codes. This represents a huge problem in 

terms of traceability, since, in order to control the steps followed by a product, it is necessary to 

control all the ID modifications that it had when going through different companies. 

Interoperability represents an issue for EDI, as well. In particular, if these messages are encoded 

following different standards, the software receiving the information may have access only to a 

portion of the data.  

 

The mentioned EDI are another interesting topic that has been discussed with IMPLEMENT. While 

they represent a technology that is relatively old, there are not many companies using them, even if 

the adoption rate is increasing. This type of message represents a really useful tool for companies, 

that would allow to automate certain processes, create a certain standard for digital communications 

in supply chains, and connect companies that use software from different vendors. A broader use of 

EDI has actually been identified as an ideal scenario by the interviewee.  

From a traceability perspective, reaching a communication standard that is adopted by different 

players in the supply chain, would bring to a more agile control of the steps followed by products in 

a supply chain. 

 

Sensors are the last technological element considered. From this perspective, it has been stressed how 

the adoption of tools such as RFID or GPS sensors is still low due to their price. In particular, they 

represent a feasible solution only in the case of goods that have a high-value. Many companies rely 

on the use of barcodes, and a transformation with the introduction of RFID sensors may require a 

huge investment. One of the main problem, is due to the fact that all the companies should adopt the 

same technology, and many are resisting to that. 
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As regards the firm size, this may represent an issue due to the fact that smaller companies usually 

do not adopt ERP software, making it hard to reach a certain integration. ERPs are actually quite 

complex programs that may result expensive and excessively complicated for small realities, that find 

sufficient tools such as Excel for their basic operations. 

 

Lastly, the interviewee often presented the topic of regulation. In particular, while currently there are 

no major restrictions or rules from this point of view, it is expected that in the future there will be an 

increasing request of collection of information and adoption of standard for traceability purposes. For 

example, batch management is soon expected to become a regulated process. Regulation is then 

supposed to have strong effects on IT solution, in particular in the food sector. 
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8.4. What should we expect in the future? 

The analysis of the information collected through a review of the literature published about the issue 

of transparency and the interviews organised with IMPLEMENT, offered an overview about the 

current state of digitalisation of supply chains, and the main problems related to traceability. 

 

In particular, while an increasing level of digitalisation of supply chain operations may represent a 

factor able to increase the capabilities in terms of transparency, due to the fact that it would be easier 

to collect and analyse the information related to a product, there are many obstacles that are still 

preventing the realisation of an ideal scenario where all the companies are interconnected and able to 

share data through a simple, digital interface.  

 

As observed, paper is a solution that is still privileged by many companies. This is due to the fact that 

firms may not feel the need to adopt a digital solution, they may consider software too expensive, or 

may lack the capabilities needed for managing the flow of information through a computer. These 

problems are observed in a prominent way in smaller firms, that often lack the resources of bigger 

entities. As a consequence, when supply chains involve the presence of micro and small companies, 

it is likely that paper will remain the main tool used during certain steps, with the consequence that 

traceability will become slower and more difficult to achieve.  

Consequently, when developing a solution for supply chain traceability, the requirements and needs 

of companies presenting different sizes should always kept into consideration. 

 

Interoperability is another relevant topic. The situation depicted is not positive from this perspective, 

since the tools used by the different business partners have issues in terms of communication. This 

means that the messages sent with the shipment of a product, may be only partially understood. It 

would then be relevant to focus on the development of a solution that can be easily deployed across 

companies offering a higher level of compatibility. Traceability solutions should not then focus only 

on the internal processes of a company, but be adapted to the broader needs that can be observed 

when taking an external point of view.  

A hint about a possible solution, has been presented in Klievink et al. (2012), with their data pipeline 

concept: a solution able to collect data from relevant suppliers and make them available to all the 

supply chain players, with the aim of sharing relevant information with all the interested stakeholders. 
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Figure 3: The data pipeline concept (Klievink et al., 2012) 

 

A really interesting solution in terms of interoperability is given by APIs, since they may be able to 

gather data from different software, and make them available to all the supply chain. A correct 

integration of APIs may offer an opportunity for collecting data from systems that can hardly 

communicate, and create a comprehensive record of the steps followed by a product in a supply chain. 

 

As regards the transmission of data, EDI seems to be an interesting standard that is increasing its 

adoption rate, since EDI messages can automate certain processes and transmit a comprehensive 

amount of data. It is then likely that this technology will remain the main one adopted in the near 

future for the sharing of information.  

 

In terms of sensors, much attention is focused around the RFID technology, which could store many 

data about the product they are attached to, collecting also information from other sensors, such as 

temperature or position. In the literature, RFIDs are considered as able to track quality problems, 

improve management recalls, automate the scanning, reduce labour, enhance stock management and 

reduce operational costs (Parreno-Marchante et al., 2014). Nonetheless, they are still quite expensive, 

and their implementation makes sense only for products that have a certain value.  

RFIDs are likely to be more and more used, but the reduction of their cost is needed in order to 

broaden their implementation. Moreover, their adoption is dependent on the fact that all the players 

in the supply chain should support them, and it will take for many companies quite some time before 

than developing an integration of RFID sensors with their systems. 
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The problems related to supply chain traceability and transparency seem then to be quite relevant, 

and digitalisation has been only partially able to solve them. Nonetheless, recent developments in the 

IT environment may have brought to the appearance of a technology that could serve two purposes: 

offer a solution to the issues such as interoperability, and represent a push towards an increasing level 

of digitalisation of supply chains. Described as the “blockchain” technology, it has been welcomed 

by many companies currently facing the problem of traceability. In particular, through the blockchain, 

it would be possible to have a faster and more complete overview about all the path “from field to 

fork”, mainly due to the fact that all the flows would be registered on a tamperproof, shared database. 

The following chapter will then introduce this topic, and will offer an overview about how recent 

projects involving the blockchain have been able to tackle some of the problems presented. 
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9. The Blockchain Technology 

In this chapter, the blockchain technology will be presented, describing its main characteristics. 

Presented by many as a potential improvement for the current technologies and solutions adopted in 

different industries, such as the financial one, the blockchain presents some traits that result quite 

interesting when approached with the objective of recording transactions and managing related 

information. 

 

The first part of the chapter, will be centred around the overview of the origins and main 

characteristics of this technology. Successively, the different applications that have been developed 

around the blockchain will be presented, in order to understand what are its main capabilities in 

different industries. As it will be possible to see, supply chain is a recurring environment in terms of 

blockchain experiments, which have addressed, among the others, the food and maritime industries. 

 

Given the nature of the project, the chapter will not present the more technical details of the 

blockchain (such as how it is coded). Nonetheless, the overview that will be offered in the following 

paragraphs should be enough for the greatest part of the readers in order to understand strengths and 

weaknesses of the technology. 

9.1. An introduction to the blockchain 

The innovation that will then be defined as “blockchain” can be traced back to 2008, when a person 

whom assumed the pseudonym of Satoshi Nakamoto, released the white paper “Bitcoin: a peer-to-

peer electronic cash system”.  

The main aim, according to the paper, was to introduce a new solution for online payments, able to 

overcome the requirement of the presence of third parties involved in transactions, such as banks and 

other intermediaries (Nakamoto, 2008). 

Due to the fact that the main role of these same intermediaries is the one of creating “trust” in 

transactions, Nakamoto had to offer a solution for this issue. This can be found in the particular way 

in which transactions are verified and recorded, that will be later explained. 

Moreover, the solution proposed is also able to prevent the phenomenon of double-spending, 

described as the possibility to spend the same money more than once. This is done through the 

creation of a tamper-proof record of transactions, that are timestamped and hashed into an ongoing 
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chain. All this, gave origin to the exchange of Bitcoin, probably the most famous cryptocurrency, 

whose trading mechanism is actually based on the paper of Nakamoto. 

 

While during the first years following the release of the white paper the attention for Bitcoin and the 

blockchain has been relatively scarce, everything changed in the last years, with an increasing number 

of people that have started trading cryptocurrencies, and the exploration of applications for the 

blockchain technology that go over the exchange of money, embracing sectors in which a higher 

reliability for the transactions of different assets may be incredibly valuable. 

 

The literature related to this topic has followed a similar trend, with a relatively low number of 

publications that started increasing only in the last 3 years (Yli-Huumo et al., 2016). A similar 

situation can also be observed in the interest showed towards this technology by companies, with 

more and more firms that started exploring it for business applications spanning different industries. 

Common examples are found in the partnership between IBM and Maersk (IBM, 2017b), that aims 

at developing a solution for increasing the efficiency of container-tracking, but also in the initiative 

of Everledger, that developed a system for tracking precious metals and their characteristics, in order 

to advance the sustainability of this sector (Roberts, 2017).  

Additionally, Provenance is working on a blockchain-based system that will be able to increase the 

amount of information released and available in food supply chains, reducing the possibilities of 

counterfeit products and enhancing the traceability of products (Provenance, 2015). 

At the same time, there is an increasing number of applications in the cryptocurrency environment, 

such as Ethereum, Litecoin or Ripple. As it will be later explained, cryptocurrencies can represent 

the backbone of certain blockchains, since they can be considered as the remuneration for the ones 

offering the computing power needed for approving and registering transactions on the chain. But 

more on this in the following sections. 
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9.2. Blockchain: a definition 

In the paper published by Nakamoto (2008), the focus is mainly on the structure of this particular 

technology, and a proper definition is not present. Actually, the paper does not even define the 

solution as “blockchain”, with the name being coined only later taking inspiration from the fact that 

the transactions are grouped in blocks that create a chain. 

Nonetheless, given the rising amount of publications related to this topic, it is possible to find 

definitions of the blockchain in other works, such as the one from Carlozo (2017), whom defines the 

blockchain as a “digital ledger of economic transactions that is fully public, continually updated by 

countless users, and considered by many impossible to corrupt. It is a list of continuous records on 

blocks”. 

In White (2017) the blockchain is then described as a “form of digital ledger consisting of blocks of 

information”. A third definition can then be found in Workie & Jain (2017): according to them, the 

blockchain is “a means of recording transactions and sharing information between parties in an 

efficient, open and verifiable manner”. In this last paper, the authors refer to the blockchain as the 

“distributed ledger technology”, term that better gives an idea about the nature of this innovation, and 

they stress that it “involves a distributed database maintained over a network of computers connected 

on a peer-to-peer basis, such that the network participants can share and retain identical, 

cryptographically secured records in a decentralised manner”. 

The last definition mentioned is the one from Avital, King, Beck, Rossi, & Teigland (2016), authors 

that define the blockchain as a “distributed, immutable digital record system that is shared among 

many independent parties and can be updated only by their consensus”. 

 

With the aim of merging all the different characteristics highlighted by the other contributors, and in 

order to propose a solid description of the blockchain technology, in this project the latter is defined 

as: 

 

“A distributed, immutable digital ledger of transactions’ data, grouped in blocks and 

cryptographically secured, maintained over a network of computers connected on a peer-to-peer 

basis”. 

 

The author believes that this definition contains the most relevant traits of a blockchain, and could be 

applied to describe all the different implementations that have been developed for this technology.  
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9.3. Blockchain: the main characteristics 

The previously proposed definition, mentions different traits of this technology that should be 

explained more comprehensively.  

The following paragraphs, will then present how a blockchain works, offering an overview about its 

main characteristics. 

 

The blockchain is, first of all, a ledger. It has been devised as a tool for managing and recording 

transactions between parties without the need of the intervention of intermediaries. In order to do so, 

it maintains a trace of all the assets owned by a specific user. This means that every time a transaction 

is requested, the blockchain will control these same assets, in order to verify that the user sending, 

for example, money, actually owns the required amount. 

 

A first, relevant characteristic of the ledger, is that it is “distributed”. This means that the database on 

which transactions are based, is not stored in only one or a few places, but it is actually constantly 

shared with all the users. Users that, when taking part into the blockchain, are defined as “nodes”.  

This particular architecture (graphically showed 

in Figure 4) brings two main advantages: first of 

all, even if a node is not able to provide the 

history of the transactions for any reason, all the 

other nodes will be able to do so. Moreover, a 

peer-to-peer system is created, with no users 

having higher control on the blockchain than 

others. 

 

Secondly, the ledger is described as 

“immutable”. This is due to the way in which the information about transactions are stored on the 

blockchain, and is a direct consequence of the fact that it is almost impossible to tamper the data 

stored on the blockchain. Explaining the mechanism behind this technology, will make these 

characteristics clearer. 

In particular, a certain number of transactions are gathered in a “block”, proceeding then to their 

verification through the use of the computing power provided by the nodes. At the basis of this 

verification, there is a control of all the previous transactions, in order to guarantee that enough assets 

Figure 4: Different architectures for a database (Baran, 1964) 
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are owned6 by the different entities that are trying to send, for example, money. When the majority 

of the nodes agrees on the fact that a transaction is feasible, this is validated. The fact that the nodes 

contribute to the verification of transactions, is then usually rewarded with some cryptocurrencies (it 

is the case for Bitcoin). 

Given the fact that the users validating the transactions can hardly find who else is working on them, 

the possibility of colluding in order to approve a transaction that would not be feasible is quite hard. 

As a consequence, the incredibly low possibility of collusion is one of the main sources of trust that 

can be created with this solution. 

Once all the transactions in a block are confirmed, this same block receives a sort of ID (compared 

to a fingerprint), that is its hash7. 

This same hash, will then be included in the following block (as showed in Figure 5), linking, in a 

linear way, all the blocks. A characteristic of the hash is that it is derived from the fact that all the 

transactions in a block are confirmed. This means that, if somebody tries to change the result of 

transaction 1 in block 1, the hash function deriving from block 1 will be affected. As a consequence, 

the hash related to the previous block in Block 2, would then be different from the new hash extracted 

from Block 1: put in a simple way, all the blocks following the first, would no more contain the 

correct hash function from the previous block, losing their validity. All the nodes on the blockchain 

                                                
6 This step avoids the problem of “double-spending”, according to which, in the case of flaws in a 
system managing transactions, it would be possible to spend more than one time the same money 
7 A hash function attributes an ID with a specific length to a certain entity, that is, in this case, a block 
in the chain 

Figure 5: the blockchain and its hash function 
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would be able to notice this phenomenon, and quickly stop this attempt to tamper the information 

stored, moving back to the previously accepted version of the blockchain.  

 

Timestamping is an additional security measure implemented in the blockchain, and is described as 

a mechanism able to prove that the data must have existed at a certain point in time (Nakamoto, 2008). 

Each block receives then a timestamp, which assigns to the block itself certain information, such as 

the time and date in which it has been approved and put on the chain. 

 

Another characteristic of the blockchain that is often discussed, is the publicity of the information. 

As a matter of fact, everybody accessing the blockchain could be able to check all the transactions 

that a certain user has done. Nonetheless, this does not mean that it is possible to link the username 

adopted on the blockchain with a real person or institution. As a consequence, even if transactions 

are public, the identity of the ones requesting them is not. 

 

When analysing the environment surrounding the blockchain, it is possible to see the different shapes 

that this technology has taken. For example, in the cryptocurrency world, there is a big difference 

between the Bitcoin and Ethereum blockchains, with the former limited to the exchange of money, 

and the second one offering a compatibility with the implementation of smart contracts (presented 

later). 

Moreover, while the two previous examples mention public blockchains, it is also possible to create 

private networks. In this last case, a good example is offered by the solutions of The Linux Foundation 

through Hyperledger. In particular, Hyperledger works as the “fabric” needed to create a blockchain, 

and offers the possibility to create a public network, accessible to everyone, or a private one, with the 

aim of increasing the specificity of its scope (for example, at a company level). Moreover, on one 

side there is the possibility to link the blockchain to a cryptocurrency, that is used to reward the nodes 

that offer the computer power for analysing and validating transactions, while on the other it is 

possible to create systems that do not rely on cryptocurrencies (solution more fitting for private 

systems). 

The presence of cryptocurrencies as rewards has the aim of increasing the network of participants, 

with the consequence of raising the security of the blockchain (with more and more users contributing 

to approving transactions, the risk of them being able to meet and collude becomes lower). 

 



 58 

The main consequence of the previously explained characteristics of the blockchain, is that this 

solution may be considered an effective way to manage transactions in environments where the risk 

of fraud and uncertainty are high. Moreover, the blockchain can also be considered as a collection of 

information regarding an asset not strictly related to an economic exchange. For example, it is 

possible to write into a blockchain that a product has certain characteristics before than selling it, 

creating a more reliable collection of information about an asset that will be later exchanged. 

Additionally, it is possible to determine certain conditions according to which a transaction could be 

approved or denied. This mechanism takes the name of “smart contract”, and is explained in the 

following section. 

9.4. Smart contracts: automating operations through the blockchain 

One of the most interesting developments that characterized the blockchain environment in the last 

years, is the one related to the possibility to use “smart contracts”. In particular, while the blockchain 

on which Bitcoin are based does not offer the possibility to add these tools, many other blockchains 

are starting to support this particular feature, that allows users to write onto the blockchain digital 

contracts able to self-enforce when certain conditions are met. For example, a smart contract may 

automatically send a message containing the activation code of a software when the payment for it is 

received, while writing all these information on the blockchain. 

 

Actually, the idea of smart contracts is not completely new, since it has been described with this same 

name in the 90’s by Nick Szabo (Giancaspro, 2017). Nonetheless, in those years an adapt 

infrastructure was not available, while it is available now with the blockchain technology.  

As happened with the blockchain, a commonly shared definition for smart contracts has not been 

presented yet. In Savelyev (2017), they are defined as “agreements existing in the form of software 

code implemented on the Blockchain platform, which ensures the autonomy and self-executive nature 

of Smart contract terms based on a predetermined set of factors”, while in Cuccuru (2017) they are 

described as “computer programs which automatize online trade relationships and make much of the 

promise of blockchain technology a reality”. Mik (2017) refers to them just as “contracts that are 

represented in code and executed by computers”, and this is one of the most intuitive definitions that 

can be found in the related literature.  
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Many authors focused then on understanding if these tools can be considered as contracts, stressing 

that what is meant with “smart contracts” in the blockchain environment does not completely embody 

the concept of contracts as “legally enforceable agreements” (Mik, 2017; Ryan, 2017; Savelyev, 

2017). While this discussion is likely to continue in the coming years, since it is important to 

understand how legal issues should be managed when working with smart contracts, it is undeniable 

that a similar solution offers a lot of opportunities for ensuring higher performance and lower 

transaction costs (Mik, 2017), reducing the need for intermediaries. 

 

Together with the argument related to the legal-enforceability of smart contracts, there are also 

different discussions about the reliability of the data sources that offer the information reversed in 

these contracts. In particular, the blockchain was not born as a technology intended for automatically 

collecting data about different conditions in the world, and implementing smart contracts requires 

then the work of the so called “oracles”, which are neither trustless nor decentralised (Mik, 2017).  

As a consequence, while it is easy to understand how smart contracts could offer a solution to 

burdensome transactions introducing a leaner way to manage agreements, trust issues are still present 

when considering the reliability of oracles. 

9.5. Implementing the blockchain: business applications 

As already mentioned, the first blockchain has been created for the exchange of Bitcoin, but in the 

years following 2008, the hype around this technology definitely increased, with the creation of other 

cryptocurrencies that follow the Bitcoin model. The most famous alternative is probably Ethereum, 

which gives, from a certain point of view, certain advantages. This is due to the fact that the 

blockchain on which Ethereum is based, supports smart contracts. At the same time, other private 

actors started developing blockchain solution, often based on the Hyperledger fabric. In this category, 

it is possible to mention IBM, Microsoft and SAP. The purpose of these last companies is to extend 

their services with ad-hoc solutions for clients looking for reliable data-management solutions in 

different environments. 

 

The start-up world is another environment where to look for relevant projects based on the 

blockchain. For example, when approaching for the first time the topic, it is relatively easy to read 

about initiatives such as the one proposed by Everledger or Provenance. Often the purpose is to offer 

a more transparent analysis of the paths followed by products: in the case of Everledger, the main 
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aim of the company was to give an identity to diamonds, and act against the use of precious metals 

coming from conflict zones (Volpicelli, 2017). Provenance, instead, focuses on the food and fashion 

supply chains, with the purpose of increasing the reliability of certifications, guaranteeing fair 

payments and tracking the products step-by-step, offering to consumers a detailed overview about 

the background of the products they buy. 

An approach similar to the one of Everledger can also be found in the project developed by Ernst & 

Young with a focus on wine (EY, 2017). Actually, wine has also been considered by the same 

Everledger, with a solution able to assess the quality of wines and secure their provenance. SAP has 

been reported to be willing to include a similar feature in its Ariba solution (Annino, 2017). 

Another relevant company that is entering the blockchain environment, even if it cannot be 

considered a start-up, is Walmart. This last firm is currently collaborating with IBM for bringing a 

higher understanding of the causes of illnesses that can be spread through foods (Hackett, 2016). In 

many of these different solutions, the focus seems to be on reaching a higher level of transparency 

for the related supply chains, objective followed also by the partnership between Maersk and IBM, 

with a focus on the maritime industry. In this last case, given the high amount of goods that are 

shipped through Maersk’s containers, a more efficient solution able to manage and control these same 

containers could help in reducing the costs (IBM, 2017b). In the maritime industry, another 

interesting experiment is the one on which Maritime Transport International (together with BLOC) 

has worked, developing its SOLAS VGM software: while the basic solution is represented by an 

advanced software for tracking goods and containers, the solution can be enhanced by implementing 

a blockchain, with the aim of increasing the reliability of the information offered.  

 

From the previous examples, it is possible to notice how the corporate world is starting to pay 

attention to the blockchain technology, with an increasing number of experiments and the 

development of solutions presenting a strong focus on supply chains. From this last point of view, 

transparency is the issue that is mostly addressed, with the perspective of different industries, such as 

the maritime or the precious metals one. Nonetheless, the food sector remains one of the industries in 

which the blockchain could play a fundamental role for increasing the safety and quality of food, 

offering a better overview about the origins of a product, and allowing companies to react faster in 

the case of outbreaks. 

As a consequence, a blockchain solution for the food supply chain, such as the one provided by 

Provenance, may represent a really valuable resource for companies, but also for consumers that may 
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have the possibility to acquire more information about the certifications, origins and processes that 

brought the food to the shelves of their local shop or supermarket.  

9.6. Insights about the blockchain with BLOC 

Initially focused mainly on the maritime sector, BLOC is a start-up that is currently expanding its 

fields of interest, including also energy and food. 

During the different meetings and conversations hold with the company, the capabilities of the 

blockchain have been the main topic addressed. 

It has been possible to notice how the different members were quite positive about the idea of 

increasing the number of applications that are based on this solution, and they appeared quite 

enthusiast about potential future scenarios that see the blockchain as a commonly used tool. 

One of the topics discussed, was related to the fact that, currently, the approval of a transaction on 

the blockchain may take quite some time (up to 10 seconds) if compared to the immediate monetary 

transactions we are used to (such as a payment through the  VISA circuit). Nonetheless, it is expected 

that this problem will be solved quite fast in the coming months. Actually, the blockchain is still in 

an early-stage of its development, and many improvements can be expected in the future. 

A second issue discussed, is the one of interoperability. The interviewees highlighted since the 

beginning how the blockchain could be an effective tool to solve the current fragmentation in terms 

of software and solutions for managing information about transactions. As a matter of fact, their pilot 

published with the name of SOLAS VGM is based on a completely interoperable solution able to 

collect data from different sources and upload them on the blockchain, creating a digital trace of all 

the events related to an asset (containers, in this case). 

The most interesting part of the conversations, was then based on the reliability of the data written on 

the blockchain. For example, when considering the food supply chains, products often present unique 

characteristics that are attributed through certifications. While it is possible to attribute these 

certifications to assets on the blockchain, this technology is not able to verify if the certifier is being 

honest when attributing certain characteristics to a product. As a consequence, there are certain events 

that, even if recorded on the blockchain, require the intervention of third parties that may represent a 

source of failure. While with an increased possibility to trace all the flows related to a product it may 

be easier to find this “weak link” in the chain, this example shows how flaws can still be present.  

Nonetheless, it has been stressed how, in the future, it is likely that the increasing adoption of this 

technology will push people to find solutions to all its current problems.  
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As regards the adoption of the technology, this is still quite low, and it is due to the fact that many 

companies are still in an explorative phase. BLOC is actually involved in the organisations of 

different workshops for spreading the knowledge around this solution, and reported that the feedbacks 

are quite positive. 

When discussing the food sector, this has been described as a really interesting field of application 

for the blockchain, given the presence of different frauds. Nonetheless, according to them, there are 

still many obstacles, such as a low level of digitalisation, which may require a certain effort in order 

to build the correct implementation. Nonetheless, there is a certain interest in the company for the 

food industry, and it has been reported more than once a potential focus for future projects. 

 

The main insights from the different interviews are related, first of all, to the fact that the blockchain 

has been effectively tested, and brought to an increase of transparency in the pilot of BLOC. 

Moreover, the food industry has been discussed as a really interesting field of application. Current 

limitations of the technology are likely to be addressed and solved in the coming months, with its 

increasing adoption. Nonetheless, the issue about the possibility to register fake data on the 

blockchain remains, and this is a problem that will have a certain relevance in the following part of 

the thesis. 

 

Discussing the blockchain with BLOC has offered many hints about the right way to approach this 

solution. The interviews highlighted how the interest is increasing, and, even if cryptocurrencies seem 

to be the phenomenon on which the greatest part of people is currently focusing, many companies are 

aware of the potential benefits. 

All the information provided by BLOC represented, according to the author, a really useful source 

for moving on with the discussion about the blockchain, that will be merged with the different cases 

presented in the following chapter, in order to outline the current state-of-the-art about the blockchain, 

and proceed with a critical discussion. 
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10. The Blockchain in the food industry 

As previously mentioned, the increasing interest for the blockchain technology brought with itself a 

certain number of projects that exploit its capabilities to secure transactions and offer major 

advancements in terms of transparency, and, in particular, traceability in supply chains. 

 

A certain enthusiasm can be found in the food sector, in which different companies approached the 

blockchain in order to improve how the path “from field to fork” of different products can be 

managed.  

As a matter of fact, it has been recognised how the blockchain could help in solving problems such 

as the trade of counterfeit products, or the missing ability to quickly identify the origins of infected 

foods. As a consequence, the right implementation of this solution may help in improving the 

consumer confidence and offer a major understanding over the food we daily consume. 

 

When focusing on the different cases of blockchain implementation, it is possible to notice how they 

have been developed both by big and small firms. While there are at least a couple of start-ups that 

are getting quite known in this environment, such as Provenance and ripe.io, even huge firms such as 

Walmart are working in order to develop blockchain-based solutions.  

An interesting aspect, when taking into consideration the division of transparency in traceability and 

sustainability, is how Provenance is currently addressing both the dimensions, while the other two 

projects are mainly focused on traceability.  

 

The main aim of the chapter is to understand how the mentioned companies approached the 

blockchain, in order to understand if they have already been able to tackle some of the issues 

previously mentioned in terms of digitalisation of supply chains. It will then be possible to proceed 

further with an analysis of the current conditions in supply chains, and understand if the blockchain 

really represents a useful tool for improving how we manage information. 
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10.1. Provenance: traceability and sustainability through the Blockchain 

“Every product has a story” states the homepage of the Provenance’s website. The London-based 

start-up is currently working on improving both the sustainability and traceability dimensions of 

transparency, through a digital solution for tracking goods that is directed to both supply chain players 

and final consumers.  

In particular, the company is driven by the purpose of avoiding to compromise the environment, the 

wellbeing of people, animals and communities because of opaque supply chains (Provenance, 2018). 

 

While the first cases Provenance worked on were strictly related to the food supply chains, the scope 

of the firm is broadening, taking into consideration, for example, the fashion industry or fair 

payments. 

Nonetheless, the main focus of the following paragraphs will remain on the food industry. In 

particular, their case about the tracking of tuna will be taken into consideration. 

 

With the improvement of the transparency of the tuna supply chain, Provenance also addressed other 

issues that are reported as common in the fish industry, such as human right abuses, overfishing, 

fraud, illegal, unreported and unregulated fish (Provenance, 2016). Moreover, the experiment also 

addressed the problem related to the “double-spending” of certificates. 

The main tools that have been used are represented by mobile phones, the blockchain technology and 

smart tags. 

In an environment where 50% of the raw product comes from small-scale fisheries, it is easy to 

imagine how the level of digitalisation can be low (Provenance, 2016). As a matter of fact, the main 

tools observed by Provenance were paper, and, rarely, Excel sheets. While it is stated in the case how 

different initiatives have been proposed in order to digitise the supply chain, there have not been 

convincing proposals able to offer a really interoperable solution (Provenance, 2016). 

The following picture, presents an overview of the solution developed by Provenance, which relies 

on the use of already existing technologies for the collection of data, such as 3G connected phones 

and rather easy software for product management.  
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 Figure 6: the flow of physical products and information (Provenance, 2016) 

 

One of the main problems identified by Provenance is the one of interoperability due to the fact that 

there are different solutions in order to attribute IDs to products, making many software unable to 

communicate. The project relied on the use of the blockchain as a collector of all the information that 

are available about a product in the different software, creating a history of all the steps a product 

goes through. While companies may change the ID of a received product in order to standardize it 

with their system, and often losing the previous information, the blockchain would store all the data.  

Moreover, the company has also proposed a solution for tracking the food after its processing. With 

the creation of certain “conditions” that should be respected by the processed food (such as weight 

restrictions), it is possible to link it to the raw materials, and offer a complete end-to-end transparency. 

The last step of the project involved the creation of a user-friendly solution for final consumers, able 

to offer a captivating way to show the information to final buyers. In this last case, the use of NFC 

stickers allowed the opening on a smartphone of a page containing all the information about the 

product. 

 

The following picture, shows how the entire supply chain would be interconnected, and would allow 

to have an overview of the entire path “from field to fork”. 
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Figure 7: Provenance complete solution (Provenance, 2016) 

 

The advantages that the blockchain may bring reported in the case are related to different factors. 

For example, this infrastructure may be a better option than a centralised solution for managing data 

about traceability, since it may offer an overview of the “same truth” to all the players in a supply 

chain, without offering to any of them a backdoor.  

Moreover, three characteristics of the blockchain are highlighted: neutrality, reliability and security. 

The trade-off that has been faced until now in the fish supply chains, with the aim of increasing 

transparency and digitalisation, has been the one between interoperability and monopoly. The 

solution proposed by Provenance would be able to offer a high level of interoperability exploiting 

tools already used by the different supply chains players, such as phones for fishermen, or more 

sophisticated IT software for more structured companies. Moreover, the blockchain would act as a 

single source of truth for the supply chain, with the purpose of validating actors’ identities, verifying 

the validity of certifications and the reliability of attributes. 

 

Another unique factor that can be noticed with the Provenance project, if compared with the current 

solution for supply chain transparency and traceability (mainly ERP systems), is the attention 

dedicated not only to having a solution fitting the needs of the players in the supply chains, but also 

able to offer satisfactory answers to customers who are willing to know the origins of the products 

they buy, their characteristics and how they have been produced. Under this point of view, 
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Provenance offers an app able to interact with NFC stickers or QR codes that can be found on the 

packaging of certain products, showing the entire process a product went through before than 

reaching the shelf of a supermarket.  

 

From a more technical perspective, an interesting choice made by Provenance is the one to rely on a 

public blockchain, rather than developing a private architecture. The company stresses that the former 

solution offers certain advantages such as equality (everybody can take part into a public blockchain, 

without differences in terms of power), consensus (that cannot be affected by collusion), network 

effect and commons (aim of building a public utility). 

 

One of the main struggles identified, is related to the attribution of an ID to the different products. In 

particular, while NFC tags or QR codes were used in order to have a tool able to identify a certain 

fish or processed product, these tags can be easily copied, compromising the reliability of 

information. As a consequence, more reliable and advanced solutions should be developed, still 

taking into consideration their cost. 

 

The pilot of Provenance remains a really interesting attempt to implement the blockchain in a delicate 

supply chain such as the one of fish products, that is currently affected by relevant problems in terms 

of sustainability and traceability. It is worth to remark how the project managed to develop a solution 

able to overcome the low digitalisation level of the actors in the supply chain, and offer a solution to 

the interoperability issue. The creation of a second layer of information collection that is stored on 

the blockchain, seems a viable solution for collecting data from software that would otherwise not be 

able to fully intercommunicate.  

Moreover, Provenance managed to deploy a solution able to serve the needs of both supply chain 

players and final consumers, offering a complete overview about the entire supply chain that may 

give information about were the fish was collected, processed, and the route it followed before than 

arriving in a supermarket. 

 

The main issues are given in the identification process, with tags that may constitute a point of failure, 

and in the need to rely on organizations which certify certain characteristics of fish. In this last case, 

the intervention of an intermediary for guaranteeing the quality of a product is still needed, and the 

process would hardly be fully digitalised.  
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10.2. Ripe.io 

Ripe.io is another interesting company that is currently working on a blockchain solution, with a 

purpose that is similar to the one of Provenance. Nonetheless, ripe.io is more focused on the farming 

environment, and is currently working on the creation of a blockchain aimed at storing the 

information of cultivated products, focusing then on the early stages of farming activities. In 

particular, their first pilot aims at collecting as many information as possible about tomatoes, 

including light, humidity, air temperature, salt and sugar content (Massa, 2017). 

 

While Provenance directly addressed both the dimensions of transparency, namely traceability and 

sustainability, the focus of ripe.io seems to be mainly on the former one. As a matter of fact, the 

company would like to offer an overview about the conditions of the products that are then distributed 

in a supply chain addressing first of all other partners in the chain, and final consumers only later. 

 

Moreover, while the primary focus of ripe.io is on 

certifying the quality of a product, the 

implementation of the blockchain may also allow to 

expand the scope to guaranteeing the origins of 

food. In the case of certifications related to the place 

where a product has been harvested, such as 

champagne wine, a solution able to securely assess 

the path followed by grapes may solve the issue of 

food frauds. 

 

While the company has not disclosed yet on what kind of architecture (public or private) their 

blockchain is relying, it is possible to notice how it successfully managed to digitalise data about 

products such as tomatoes through the use of dedicated tools, and it is keeping the concept of 

interoperability as a relevant characteristic of the final solution.  

Figure 8: The tool used to collect and digitalise data about 
tomatoes (Massa, 2017) 



 70 

10.3. Walmart and IBM 

The last case analysed is the one that sees the involvements of Walmart, IBM, and a series of other 

retailers and food companies, such as Nestlé, Unilever and Dole (Hackett, 2017).  

The original aim of this group of companies, is to deploy a system able to quickly understand the 

origins of food-borne illnesses, in order to isolate contaminated products, and guarantee a higher 

safety of the goods they sell. 

According to an article published by Forbes (Aitken, 2017), the move can be considered a response 

to the data published in 2015 by the World Health Organization, according to which contaminated 

food causes yearly the death of 420.000 people, and around 600 million fall ill.  

Food safety remains then a field that needs to be addressed with stronger measures, and the lack of 

access to information and traceability needs to be solved. The blockchain could then represent a 

solution able to individuate the points of contamination, since it establishes a trusted environment for 

all transactions (Aitken, 2017).  

 

In a way similar to the one that has been described for ripe.io, the solution would be mainly centred 

around internal needs of companies, with a focus on final customers that would be, at least at the 

beginning, relatively low.  

In a video recently presented by Walmart (IBM, 2017a), the VP of food safety highlighted how 

current traceability solutions cannot allow to trace back products to their origins in a short period of 

time, since it may end up taking weeks to understand where some goods come from. In this case, the 

blockchain would represent a great opportunity for reducing the time needed to track food, and this 

could be done in a matter of seconds (Aitken, 2017). 

It is then easy to understand how big corporations may benefit from implementing blockchain 

solutions, that would be able to guarantee the origins of product, and show the collected data about 

particular goods in a comprehensive and coherent way, in just a few seconds. 
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10.4. Main trends in the blockchain implementation for the food sector 

The three cases that have been presented, represent some of the most interesting projects that merge 

the food sector with the capabilities of blockchain solutions. 

While they have been developed with different aims and have as a focus different stages of the supply 

chain, it is possible to notice how all of them aim at achieving an increasing transparency of the 

complicated path “from field to fork” followed by many products.  

 

Provenance shows how it is possible to address both the dimensions of traceability and sustainability, 

according to the amount of information that it is possible to collect about products. Moreover, it is 

possible to notice how the different projects can help producers in certifying the quality of their 

products and intermediaries in keeping track of the products they manage, while offering to 

consumers a comprehensive overview with relevant insights about the food they consume. 

The main outcome, is that a working implementation of the blockchain would allow to present data 

about both the quality and safety of products, and may allow to act quickly in the case of contaminated 

food. 

Food fraud is a phenomenon that could be addressed as well, since the creation of particular 

conditions that should be respected for registering the data on the blockchain, may allow to enhance 

the control over the characteristic of products, and could avoid the “double-spending” of 

certifications. 

One of the main obstacles that have been highlighted in the previous chapters, is the one related to 

interoperability of current systems for traceability. It is interesting to notice how the companies 

mentioned in the cases worked on this problem, offering alternatives that are able to integrate the data 

that are stored in different software, and create a second layer containing all the information about 

products. 

The use of innovative tools, such as the one collecting the data relevant for characterising tomatoes, 

or more complex RFID tags, seems to be a prerequisite for a more coherent implementation of a 

blockchain solution, since they may automate the collection, digitalisation and recording of relevant 

data. Nonetheless, this is an aspect that will be discussed again later, since it represents one of the 

main obstacles due to the cost of deploying similar sensors and readers. 
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Concluding, the previous cases offered many relevant insights in the direction that the food industry 

is taking in order to improve the transparency of supply chains, and the blockchain seems a 

technology that may bring interesting advancements from this perspective.  

Nonetheless, there are some doubts that still remains. For example, is the blockchain really needed, 

or a higher level of digitalisation would be sufficient? Moreover, how can smaller companies cope 

with the request of digitalising more and more data? Are current solutions in terms of RFID tags and 

other sensors offering a sufficient effectiveness? Is there still the need of intermediaries? 

 

These questions will be addressed in the following chapter, that has the aim to discuss the high 

number of doubts and questions that the blockchain is creating, while trying to understand the 

characteristics needed for a comprehensive blockchain implementation. 
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11. Is the blockchain a valuable solution for transparency in food supply 

chains? 

 

The previous chapters presented the most relevant characteristics and problems that characterize food 

supply chains, highlighting how their digitalisation may improve the ability to collect more and more 

meaningful data. Nonetheless, supply chains can still be considered opaque, and it results quite tough 

for companies to achieve a comprehensive overview of the origins of the products that they work on. 

With an increasing number of issues due to food-borne illnesses, a decreasing consumer confidence 

and a more spread awareness about sustainability issues, it is time for companies to act in order to 

offer a better overview about their practices and the products they use and sell. 

 

Recent developments in terms of Information Technology offer many opportunities for digitalising 

supply chains, activity that may bring to a better management and sharing of information with 

interested stakeholders. Moreover, the appearance of the blockchain technology represents a valuable 

phenomenon that may bring not only to a more open sharing of data, but also to a higher level of 

security. As a consequence, not only companies would be able to quickly recall contaminated foods, 

but also guarantee the origins and certifications of raw materials. 

 

While many people have welcomed the blockchain technology as a disruptive innovation able to 

completely change how supply chains are managed, many others presented sceptics opinions about 

the technology.  

The different resources reviewed in the thesis, present different projects that show how the blockchain 

could effectively address many problems lived nowadays, nonetheless, it cannot be considered a one-

fits-all solution. 

 

The following sections will offer a critical discussion of the characteristics presented of the 

blockchain, with the aim of offering some arguments that may be useful for companies interested in 

considering this technology. 

Starting from a discussion of the relation between digitalisation and blockchain, the chapter will 

continue addressing problems such as the need to develop an effective solution for identifying 

products and the aspect of interoperability. 
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11.1. Transparency, digitalisation and the blockchain 

One of the main questions that could rise when analysing the different topics of transparency, 

digitalisation and blockchain, is if the latter element is actually needed for improving the amount of 

information concurring to create a better overview of the traceability and sustainability characteristics 

of a company. 

As a matter of fact, many software are already able to collect information about products’ 

characteristics, and an increased digitalisation may appear enough for this purpose. Nonetheless, the 

blockchain brings with itself some relevant characteristics that identify it as very interesting 

technology when it is also important to create trust over the information surrounding food. 

 

This capability of creating trust through a tamperproof registration of events is probably one of the 

most interesting characteristics of the blockchain. In particular, while food fraud may be committed 

through the double-spending of certificates for food, or through a later modification of documents in 

order to hide some information, the need to respect some criteria when recording data on the 

blockchain, together with its immutability, make it an incredibly effective solution for all those cases 

where it is important to rely on a trustful source of information. Moreover, the fact that the blockchain, 

before than approving a transaction about a product, recalls all the operations related to the same 

product, makes it possible to constantly verify its origins and characteristics. This is usually not 

possible with the use of other software, and it is even less likely to happen when the documentation 

is only paper-based. 

 

Another interesting aspect is that the blockchain has always been conceived as interoperable, since 

its aim is to maintain a record of all the transactions of a product. As a consequence, even if modern 

software may offer an increasing amount of function addressing interoperability, what is achieved 

with a full-scale implementation of the blockchain would be hardly present with other solutions.  

 

A third interesting aspect of the blockchain pilots previously described, is the idea to “keep it simple”. 

For example, in the case about tuna-tracing, Provenance tried to use tools already present, without 

deploying complicated IT solutions that would results impossible to use for fishermen.  

The approach taken with the blockchain, relying also on the idea of interoperability, is the one to use 

systems that are already in place, exploiting, for example, phones or digitalised documents instead of 

complex ERPs. 
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A last observation, can be made about the philosophy driving the implementation of the blockchain 

that is the one of offering a complete overview of the supply chain. While the implementation of 

digital systems is usually driven by internal objectives of, for example, reducing costs, the scope of 

the blockchain is broader, and encompasses the activities of all the companies in the supply chain. 

 

Concluding, what can be underlined, is that while a certain level of digitalisation of supply chains is 

a fundamental factor for implementing the blockchain, since it relies on many digital tools, this same 

technology is able to offer different enhancements when compared to what could be defined as a 

“fully digitalised supply chain”. While certain sectors may present different priorities than the ones 

present in the food industry, in an environment where safety and quality are incredibly important, the 

use of solutions able to create trust across the entire supply chains, guaranteeing the origins and the 

nature of the certification of certain products, could bring many improvements, simplify the relations 

between business partners, and increase the consumer confidence towards food products. 

Nonetheless, all these advantages can be obtained only with a certain understanding and a correct 

deployment of the blockchain. The following section, will then offer some considerations and advices 

in order to implement a blockchain in a food supply chain. 

11.2. Advices for the implementation of a blockchain 

After having presented the different characteristics of the blockchain technology, its previous use 

cases and the current projects relying on it, it is possible to offer an overview able to guide companies 

that are interested in enhancing the transparency of their supply chains. 

 

First of all, carefully analysing the entire supply chain, from the activities of the first player to the 

moment in which the product reaches the final consumers, seems a prerequisite for really 

understanding the problems that should be addressed, and which tools may be utilised. 

For example, while in the case of Provenance fishermen relied on simple 3G connected phones, 

ripe.io is focusing on the use of more sophisticated tools. As a consequence, it is important to assess 

the level of technical capabilities present at each stage of the supply chain, in order to introduce data 

record and digitalisation techniques coherent with each player’s skills. 

Consequently, mapping all the different steps followed by a product, with the related digitalisation 

possibilities, represents a very important step that should be carried out before than starting with any 

blockchain development. 
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A second, important stage, is to identify the weak points of the supply chain. According to the aim of 

the implementation of the blockchain, that may span from guaranteeing safety to increasing the 

quality of products, it is important to understand how and when these characteristics can be certified.  

It is with the certification of particular characteristics of products that one of the weaknesses of the 

blockchain may arise, mainly due to the fact that, when inserting a record of a good for the first time, 

there may be the need of an external certifier in the case of, for example, organic products or good 

with geographical indications. While Provenance stated to rely on trusted external certifiers, this 

factor may represent a weak link in the supply chain, and may compromise the correct registration of 

data. This issue has been discussed also with BLOC, and it represents an interesting topic for future 

research. It is undeniable that a time and cost-effective solution to this problem, that may even not 

rely on human interventions, could represent a great element of value for the blockchain technology. 

After having recorded for the first time the data of a product, the use of smart contracts and carefully 

defined conditions for the verification of transactions, should allow to maintain a high reliability of 

the following data registered. For example, it is possible to approve the sale of cans of a certain fish 

only if the amount of fish present in these cans is actually coherent with the amount of product that it 

is possible to obtain from fishermen. 

While smart contracts are still under exploration, they may offer valuable improvements for creating 

these conditions and approving transactions only when they are respected. 

 

A third consideration that it is possible to make, is about “keeping it simple”. The digitalisation of 

supply chains happened together with the use of software and solutions that may result excessively 

complicated. As highlighted during the interviews with IMPLEMENT, smaller companies are not 

attracted by digital solutions since they may result too complicated, expensive and chaotic. As a 

consequence, there is a certain resistance towards digitalisation. What could be recommended, is to 

proceed only gradually with the introduction of techniques able to digitalise the information collected 

by the different supply chain players. Linking simple text messages with a record on the blockchain, 

or using APIs for integrating software already in use, may represent a simple way for deploying this 

solution. 

 

A fourth issue is related to the incentive for joining the blockchain network. While this step would 

not be as complicated as deploying a new ERP system, it still requires that companies add certain 

procedures to their daily operations, in order to record the data on the blockchain. While this could 
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be automated with the use of APIs in companies already using digital tools, other firms may have 

difficulties in doing that. An incentive scheme is then needed. While regulatory provisions involving 

blockchain traceability seem too far in the future, different supply chain players may take the role of 

leaders, and start spreading the use of the blockchain.  

For example, if a company such as Walmart starts requiring to its suppliers to register data on a 

blockchain, it is likely that they will do that, given the relevance of their customer. The next question 

could be related to who should pay for the creation of the needed architecture, and it will be addressed 

in the following paragraph, together with another issue. 

 

From a more technical perspective, one of the biggest choices regards the public/private nature of the 

blockchain. From this point of view, the number of people contributing to the approval and 

registration of records should be taken into consideration. In particular, it may be important to reach 

a relevant mass that could avoid the risk of collusion, and guarantee the reliability of the information 

written on the blockchain. As previously explained, the different nodes (computers and users) having 

access to the blockchain will take care of the verification and approval of transactions. It is then in 

the general interest to have only valid transactions approved. While this is usually the case in public 

blockchains, that rely on the work of hundreds, if not thousands, of nodes, private blockchains may 

be less reliable due to the presence of less users that may agree for colluding. Nonetheless, private 

blockchains offer a better control and agility over the different operations that are written on the 

blockchain itself. An ideal scenario, would be the creation of different consortiums in which 

companies enrol. This could merge the need for more discretion over transactions (even if their 

information is never fully public) with the need of having a critical mass working on the approval of 

transactions. 

Consortium may also represent a solution to the previous question of who should pay for the 

blockchain development. In particular, it may be possible to agree on a fee that should be paid for 

being part of a consortium, and start registering the data about products on that particular blockchain. 

The pricing model will not be addressed in deep, but it should be able to meet the cost constraints of 

small companies. 

 

Another important factor to keep into consideration is the final user experience. While this has been 

only partially presented through different mock-ups directed to customers, it remains important to 

keep in mind that implementing the blockchain should not result in a burdensome activity. As a 
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consequence, it should also be easy to interact with the data stored on the blockchain itself. The 

development of simple applications able to recall all the data about products, through a simple scan 

of a label or inserting the batch code, may then represent a relevant characteristic that could increase 

the adoption rate. 

 

As regards the already mentioned RFID sensors, QR and barcodes, while the former may represent 

the best alternative since  they offer the possibility to record different types of data, such as position 

and temperature, it is unlikely that all the companies will adopt them in the near future. As a 

consequence, the blockchain should rely on identifying products through more simple means, such 

as the classical barcodes. 

11.1. Relevant KPIs 

As already mentioned, the implementation of a blockchain may be the consequence of different needs.  

As suggested during the interviews with IMPLEMENT, when introducing a new technology in a 

company’s operations, it is important to define certain KPIs in order to understand the objectives and 

analyse the results of the implementation. 

Even if following the need of higher transparency in the supply chain, the introduction of a blockchain 

solution may be due also to the requirement of more control over the certifications, the need to reduce 

food frauds, or increase the sustainability of different operations.  

 

For example, in the case of Walmart, one of the main reasons to focus on this technology was due to 

the necessity of reducing the lead time for identifying the origins of a food-outbreak.  

As a consequence, companies that can identify themselves in a similar situation may focus on the 

objective of making as fast as possible the retrieval of data about all the steps followed by a product. 

Of course, they do not need to wait for an outbreak, but they can continuously organise some exercises 

in order to understand how long it would take to find the origins of a single box of processed food 

sold in a supermarket. 

 

When considering food fraud, an important KPI would be related to the reduction of counterfeit 

products. For example, if a certain percentage of the parmesan currently sold does not actually qualify 

as parmesan, it may be interesting to understand if the introduction of the blockchain will reduce the 

amount of fake parmesan sold.   
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The overall amount of sales can also represent a KPI in order to understand if consumers find valuable 

to have a better access to information. Given the reported decreasing confidence, the possibility to 

control the origins of product may push more and more consumers to buy products whose data are 

recorded on the blockchain. 

 

Another interesting KPI, could be the number of records on the blockchain for a single product. This 

could help in understanding if companies are interested in the blockchain, and start using it for tracing 

products. 

 

The possibility to analyse different indicators, shows the fact that the blockchain is a solution able to 

intervene on different aspects of a food supply chain, addressing both food quality and safety, together 

with food frauds, and increasing the awareness among consumers about the characteristics of 

products. As a consequence, this technology can be seen as having multiple purposes, and could 

definitely present an interesting tool for increasing the transparency of supply chains 
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12. Conclusions 

Starting with the aim of analysing the intersection between the issues characterising food supply 

chains and the capabilities offered by the blockchain technology, this thesis has represented a journey 

that has unveiled and discussed many other topics related to the two that gave origin to the project.  

 

The research question has highlighted how transparency has been the guiding theme, and this has 

been analysed from different perspectives, focusing then on one of its components: traceability. 

Traceability has been chosen over sustainability since it is the one that offered the most interesting 

starting points for a discussion oriented towards the inclusion of topics such as digitalisation and 

Information Technology, creating a coherent continuum of themes also when introducing the analysis 

of the blockchain technology. Moreover, traceability has been conceived as a sine qua non for 

addressing sustainability, and more efficient solutions for the former dimension are needed before 

than being able to effectively tackle the second one. 

 

Started with an explorative aim, the author hopes that readers found relevant inputs for understanding 

better why more transparency is needed, what the blockchain is, and how this last technology can be 

implemented.  

After the different analyses offered, when going back to the research question, the answer seems to 

be positive. The blockchain technology, even if still in its infancy, presents interesting characteristics 

that may be able to address the different problems faced when considering the topic of transparency 

and traceability. In particular, the way in which the blockchain manages information can create the 

grounds for recovering the trust in supply chain actors, since the risks of frauds would be reduced, 

and, in the case of food-borne diseases, it would be way easier to identify the origins of an outbreak 

and quickly isolate it. 

Nonetheless, there are still many challenges that should be kept into consideration. For example, the 

low level of digitalisation in supply chains can hamper a comprehensive implementation of a 

blockchain-based solution, and the need to rely on third parties for certain certifications can still 

represent a “weak link” in the supply chain. 

As a consequence, more research should be developed in order to better understand how to face these 

problems.  
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This thesis was also written with the aim of contributing to a better explanation and presentation of 

the blockchain technology, since the author found a lack of publications able to comprehensively 

analyse the topic when applied to the food industry. Moreover, information is often spread among 

different sources, and this has been an attempt to gather them in the same place, putting together 

different perspectives, and listing the various attempts to implement the blockchain technology. 

Technology that is seen both with a great optimism and scepticism by companies, and whose future 

seems uncertain. Nonetheless, its contribution could be incredibly relevant for solving food supply 

chains’ problems, while acting as a stimulus for improving the digitalisation of companies. 

 

In a world where we have an increasing access to data about an incredibly broad number of 

phenomenon, it is surprising how little we know about one of the most important resources for our 

life: food. Information about that can be missing or hidden, but it is fundamental to find a way to 

increase our awareness about the products we daily consume. Hopefully, this project served also as a 

stimulus for increasing the sensitivity for this topic. 
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