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Abstract 

The world is facing new challenges caused by global warming and is putting 
pressure on governments, companies and the civil society to act fast. Like all 
industries, the wine industry is affected by climate change and wine producers 
are simultaneously struggling to stay viable while competing on a global 
market. To become sustainable, transparency is needed in the supply chain so 
that stakeholders and consumers can influence it. In this study, blockchain 
technology is investigated as a possible technology that can increase 
sustainability, transparency and over-all efficiency in the supply chain. The 
study is a case study and takes place in South Africa. The study takes the 
perspective of small and medium sized enterprises because they are a big part 
of the market and has not been researched in this area. Empirical data was 
collected through interviews, observations and secondary data and it was 
analyzed through thematic analysis. The results show that there is a lot of 
administrative work in the industry where compliance and certifications take a 
lot of time and effort. The smaller wineries, that often want to focus on 
making good wine, have a harder time with the administrative work since the 
same person might have several roles or functions in the business. The current 
traceability system is also one of the best in the world but is largely paper 
based. In the discussion it is shown that the industry has some elements that 
would be good for a blockchain system but the smaller producers would 
probably not dare to invest in such a system since they need improvements in 
quality or efficiency to stay viable and the technology required is expensive. 
The thesis concludes that the industry has some structures in place that would 
be a good base for a blockchain system. This could add an extra level of 
security and trust to the system. The implementation for the small-scale 
producers seems far away since the technological requirements are expensive. 

Key words: blockchain technology, traceability, trust, sustainability, internet of things, 
certifications, supply chain, transparency 
  



5 

Sammanfattning 

De rådande klimatförändringarna ställer nya krav på företag att ta ansvar för 
sina utsläpp och miljöpåverkningar. Därför blir det allt mer vanligt för företag 
att medvetet öka hållbarheten i sina värdekedjor eftersom det också blir allt 
viktigare för stakeholders och konsumenter. För att kunna sätta press på 
företag krävs dock transparens och med komplexa värdekedjor kan detta vara 
svårt att skapa. Därför krävs nya teknologier som kan hjälpa företag att öka 
transparens, effektivitet och integritet. Blockchain-teknologi är en relativt ny 
teknologi som med sina decentraliserade egenskaper har potential att användas 
i värdekedjan för att öka hållbarhet och transparens. Denna studie undersöker 
just det genom en fältstudie i den Sydafrikanska vinindustrin. Det är inriktad 
på främst små- och medelstora företag och inkluderar också 
industriorganisationer för att bidra med en holistisk bild av värdekedjan för 
vin. Genom intervjuer, observationer och sekundärdata samlades empirisk 
data in och analyserades med tematisk data-analys. Resultaten visade att små- 
och medelstora vinproducenter fäktas med mycket administrativt arbete och 
har svårt att vara ekonomiskt hållbara på en global marknad. Spårbarheten i 
Sydafrika fungerar utmärkt och därför finns det redan viss infrastruktur på 
plats i landet som skulle kunna vara en grund till att utveckla ett blockchain-
baserat system för att öka säkerheten, transparensen och minska administrativa 
kostnader för de mindre företagen. Ifall ett blockchain-system skulle 
implementeras skulle det troligtvis inte drivas av de små företagen även fast de 
hade gynnats mest, utan av större företag med finansiell kapacitet. 

Nyckelord: Blockchain, värdekedja, transparens, teknologi, certifieringar, 
vinindutri 
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Abbreviations and word list 

CSR - Corporate social responsibility 

Hash - A hash function is any function that can be used to map data of 
arbitrary size onto data of a fixed size. The values returned by a hash function 
are called hash values, hash codes, digests, or simply hashes 

IoT - Internet of things 

NGO - Non-governmental organization 

Node - Computer verifying transactions and keeping records of the blockchain 

Nonce - arbitrary number that can be used just once 

PBFT - Practical byzantine fault tolerance 

PoS - Proof of stake 
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SCM – Supply chain management 

SCT – Supply chain transparency 

SD - Sustainable development 

SDG - Sustainable development goal 

SMEs – Small and medium sized enterprises 

SSCM – Sustainable supply chain management 

TBL - Triple bottom line 

UN - United Nations 
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1. Introduction 

The health of this planet and all its inhabitants has been put at risk due to the 
emissions of humanity (NASA 2019). Climate change is making the polar ices 
melt, increasing overall temperature and polluting the air, soil and water (ibid.). 
What humanity caused; humanity must take responsibility for. Therefore, the 
United Nations has developed the 2030 agenda for sustainable development 
through their 17 sustainable development goals (SDGs) (UN 2019c). These 
goals strive to ensure economic, social and environmental sustainability and 
are made to inspire the private and public sector to act upon (ibid). Nowadays 
it is common that corporations have specific strategies for how they 
incorporate the SDGs in their everyday work through for example corporate 
responsibility reporting (Blasco et al. 2017). One reason why companies are 
doing this is because there is a demand from the market and from 
stakeholders to be transparent and by different technologies show 
responsibility by providing information (Piechocki 2004). 

This study is conducted in the Western Cape in South Africa, more specifically 
in the wine industry. This industry has sustainability issues such as major 
droughts (Vink et al. 2010), power shortage (Visser & Ferrer 2015) and 
damaged eco-systems due to the over-use of chemicals (Department of 
Environmental Affairs 2017). However, the main problem of the industry is 
the low profitability among the wine producers (Phakathi 2018; The Straits 
Times 2017). The wine industry in South Africa is important to their economy, 
being one of their most important agricultural exports (Human Rights Watch 
(HRW) 2011) and contributing to the increasing tourism sector (Loots 2018). 
Additionally, the wine industry currently provides more than 300 000 jobs 
(Wines of South Africa (WOSA) 2018). Many of the companies in the wine 
industry are small and medium sized enterprises (SMEs) that struggle to 
become profitable and the study therefore takes their perspective.  

Historically, South African wine has been branded ‘value for money’ instead of 
quality which has limited the price range in the industry (Phakathi 2018). 
Because the prices are set at a low range on the global and national market, the 
wine producers have very small profit margins (ibid.). This industry consists of 
many small actors and high administrative load due to strict industry 
regulations (WOSA) n.d.a).  Partly because of the profitability issues, low 
wages and bad working conditions for the wine farm workers are unfortunate 
consequences (HRW 2011). The jobs in the wine industry are found to be 
under-paid and can pose health risks due to working with toxic pesticides in 
the vineyards (ibid.). Employees in this industry are usually uneducated, poor 
and immigrants that are not aware of their rights as laborers in South Africa 
(ibid.).  Therefore, traceability and transparency is extra important in this 
industry (ibid.) as well as increased profitability so that the industry can grow 
and pay-rates can increase (Vinpro 2019).  
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The stakeholders and market must have insight into the organizations for 
them to encourage and demand for better sustainability actions (Piechocki 
2004). In other words, transparency is a prerequisite for businesses to become 
more sustainable (Bastian & Zentes 2013; Mol 2013). Additionally, if an 
organization is responsible for damaging the environment, they can be held 
accountable (Kshetri 2018). According to Sutherlin1 South Africa has one of 
the best systems for traceability in the world. Therefore, it is interesting to 
investigate how the system can be improved to increase profitability. 
Unfortunately, many products, companies and their supply chains are 
becoming more complex in this globalized world (Mol 2013). As Mol (2013) 
argues, modern technology is becoming more sophisticated in order to uphold 
transparency through whole supply chains and smaller companies are 
struggling to follow this development.  

One technology that is an increasingly researched topic in the matter of 
transparency and traceability is blockchain technology. This is also the 
technology that is being investigated in this study since it is applicable in 
supply chain management (Casino et al. 2017). Blockchain is a decentralized 
system where information can be stored in a secure way (Nakamoto 2008). 
Blockchain is said to be beneficial in supply chain that are complex, consist of 
many different actors, transparency and traceability is important and where 
information storage is required (Caro et al. 2018). Because the supply chain of 
wine has these characteristics, blockchain is an interesting technology to 
research this setting (Biswas et al. 2017).  

In the literature study, no previous research about blockchain technology in 
the South African wine industry was found. There are however many studies 
on application areas for blockchain in the agricultural industry and general 
supply chains (e.g. Caro et al. 2018; Kshetri 2018; Casino et al. 2019; Min 
2019). The one article by Biswas et al. (2017) that is about blockchain in the 
supply chain of wine, did not take the perspective of small and medium sized 
enterprises. In that conference paper, the system of a blockchain based 
traceability system is discussed from a theoretical perspective. However, there 
is no qualitative data collected and very little involvement of actual 
stakeholders in the industry. There are neither many articles about how 
blockchain technology increases sustainability in supply chains but there is 
however a clear link between sustainability and transparency (Ageron et al. 
2012; Bastian & Zentes 2013; Mol 2013) and transparency and blockchain 
(Biswas et al. 2017; Caro et al. 2018; Kshetri 2018).  

Because the supply chain of wine is complex (Biswas et al. 2017), it is 
important to understand the structure of it and what main actors are involved 
in order to make it sustainable. Therefore, this study is investigating the supply 
chain of wine and how it can become more transparent through the use of 
blockchain technology while focusing on the SMEs in South Africa. There are 

                                                
1
 Hanna Sutherlin Sustainability Manager South Africa Systembolaget, Interview February 19 2019. 
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currently suggestions on how to design blockchain-based traceability systems 
(Biswas et al. 2017), but there is no research on the industry's view of 
technology and if they are ready for technologies with blockchain possibilities. 
SMEs are currently struggling to stay viable and the large number of SMEs in 
the industry makes it important to understand their views of technology with 
blockchain possibilities which this thesis is set to do. 

Lastly, to truly understand the potential that blockchain technology has in the 
South African context it is important to understand technology’s role in 
creating transparency and traceability from a sustainability perspective. After 
that it is important to know why companies adopt new technology with focus 
on technologies that are compatible with blockchain technology. By gaining 
knowledge in these areas it will be possible to understand how blockchain can 
improve the business situation for SMEs. In this study the first two research 
questions will lead to that the third can be answered. 

1.1. Aim, goal, purpose and research questions 

The main aim of this thesis is to understand and assess the role technology has 
in creating traceability and transparency for sustainable businesses. The 
objective is to make an in-depth study of the value chain by studying the role 
of a blockchain system for traceability. The research will be conducted by 
studying the case of SMEs. The purpose is to understand the need of adopting 
new technology, its effect on traceability and transparency, and its impact on 
SMEs. 

RQ1: What is the role of technology in driving transparency and traceability 
for sustainable businesses? 

RQ2: What is the driving force for adopting new technology with the 
possibilities of blockchain in tracking the value chain? 

RQ3: How can blockchain technology improve the business situation for 
SMEs? 
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2. Theoretical framework 

In this chapter the theory, from which the research is developed, is presented. The study is 
about the role of technology in increasing the transparency in the supply chain for sustainable 
businesses. Therefore, the three main parts of the theoretical framework are sustainability, 
transparency and technology, which all together leads to the supply chain management section 
which is followed by a summary of the chapter. The framework is mainly built on recently 
researched areas presented in published journals.  

2.1. Sustainable development and Corporate Social Responsibility  

In order to save the planet, all parts of society must contribute by becoming 
sustainable (United Nations (UN) 2019a). Unfortunately, the carbon footprint 
of the human population is increasing and causing an acceleration of climate 
change (ibid.). Today, sustainable development (SD) is defined as: 
“Development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs” (UN 2019b). In the 
quest of saving the planet, the private sector plays an important part (UN 
2019c) which is the area of interest for the study at hand. 

The triple bottom line concept divides sustainability into three dimensions; 
environmental, social and economic sustainability (Elkington 1999). Elkington 
(1999) and Adams (2006) put emphasis on the important shift from traditional 
financial bottom line, where focus lies only on profit, to the triple bottom line. 
Elkington (1999) neatly described this as people, planet and profit. Figure 1 
shows the three overlapping areas creating sustainability.  

 
Figure 1: The three dimensions of sustainability (Gupta et al. 2015) 

 
Corporate social responsibility (CSR) is a sustainable development concept 
that emphasizes the importance of finding and keeping equilibrium among the 
basic interests of economic prosperity, social equity and environmental 
regeneration (Sebhatu, 2010, pp. 37-8). Companies aiming for sustainability 
and implementing CSR need to include the societal perspective not against a 
single, financial bottom line but against the social and environmental aspects 
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of the triple bottom line (ibid.). Beal (2014, p. 4) defines CSR in the following 
way: 

CSR, broadly defined, is the moral and practical obligation of 
market participants to consider the effect of their actions on 
collective or system-level outcomes and to then regulate their 
behavior in order to contribute to bringing those outcomes into 
congruence with societal expectations.  

CSR can in the right circumstances pay off. Porter and Kramer (2006) argue 
that, with the right strategy, companies can gain a competitive advantage from 
CSR initiatives. On the other hand, Nollet et al. (2016) argue that because CSR 
is such a widely used term, it is difficult to determine whether the effects of 
CSR actually lead to higher profitability. Nollet et al. (2016) do nevertheless 
say that there is often a return to be had after a sustained period of investment 
in CSR initiatives (ibid.).  

2.1.1. CSR in the South African wine industry 

The triple bottom line approach in the wine industry translates into making 
wine in an environmentally friendly way, having positive impact on the society 
and the surrounding community while being economically viable (Pullman et 
al. 2010). 

CSR in the South African wine industry is necessary, but can take many 
different forms. Currently, wine industry in South Africa is facing challenges 
such as warmer climate and drought (Schultz 2016). This brings negative 
effects to the quality of the soil, vines and grapes (ibid.). As a consequence, 
wine producers struggle to find viable ways to ensure sustainability and 
implementation strategies (Santini et al. 2013). CSR at wineries is often 
mistaken for being limited to production of organic or biodynamic wine. In 
reality CSR is more complex and can involve other areas of sustainability 
(ibid). The author states that not enough research has been put in to answering 
questions regarding what sustainability action will benefit the wineries the 
most or in what ways (ibid). However, Pullman et al. (2010) found evidence 
that wineries in North America do increase their profitability and quality of 
wine when conducting strong social sustainability work. 

The drivers for CSR can be internal or external. Santini et al. (2013) explain 
that external drivers for CSR can be stakeholder demands or legal compliance. 
Internal drivers are for example employment engagement or using CSR as a 
strategy to gain market shares. Employment engagement is when people 
within the organization aspire to increase sustainability (ibid).  

The next section is about transparency, certifications and traceability because 
how can the civil society know that companies are taking responsibility for 
their community and environment if not by receiving trustworthy information 
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about products and services. Certification is one way of providing information 
in the wine industry and traceability is a crucial part of this.  

2.2.  Transparency  

The transparency section contains three concepts: transparency, certifications 
and traceability. In the global market, transparency is ever so important and 
this is closely linked to traceability (Sajjad & Eweje 2013). Certification is a way 
of providing consumers with transparency and is therefore relevant in this 
theoretical framework. 

A key prerequisite for CSR is that there is trust in the process and trust can be 
built by transparency according to Mol (2013). Mol (2013) also states that 
transparency will play a key role in the future supply chains as the world 
becomes more globalized. Transparency can ensure quality, accountability, 
consumer trust and sustainability in the supply chain. Supply chains can be 
more efficient if information flows are open to the public, government and 
organizations (ibid). This will ultimately benefit businesses (ibid). Sajjad and 
Eweje (2013) agree that transparency is an essential component to make the 
supply chains sustainable. 

Transparency has become increasingly important. It was not until the 90’s 
when the civil society started to demand the right to know what companies 
and government were doing and what effect they had on the environment 
(Mol 2013). In 1999 Elkington predicted that transparency will become 
increasingly open during the 21st century. Transparency has since then grown 
as a concept and is ever so important now when many companies are 
transboundary and the supply chains are increasingly complex (Mol 2013). 

Today, transparency is provided through a variety of ways but is not 
necessarily beneficial. The main methods are by using certifications (ibid), 
standardizations (e.g. ISO) (Wognum et al. 2011) and corporate responsibility 
reporting (Blasco et al. 2017). However, Mol (2013) argues that in this so 
called information age, the current systems for transparency in supply chains 
are not sufficient enough and need improvements. Transparency has 
historically been used as a tool to empower the powerless, such as small 
business owners. Mol (2013) argues that this has changed and transparency has 
become a tool for large corporations to benefit themselves. According to the 
author, large corporations have a better starting point for negotiation and can 
influence environmental policies, resulting in better conditions for them. 
Additionally, transparency infrastructure can be expensive and highly 
sophisticated which makes it difficult for smaller companies to meet the high 
standards and compete for market shares (ibid.). In contrast, Perona and 
Miragliotta (2004) claim that larger corporations that offer a large variety of 
product will ultimately suffer. This is because they often have a more complex 
supply chain and therefore become less efficient and cost effective. 
Additionally, the authors Bastian and Zentes (2013) states that a complex 
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supply chain will decrease the possibilities of supply chain transparency (STC). 
Mol (2013) also argues that from consumer perspective, information from 
companies about the supply chain might not be received or understood 
because of the complexity of the information. In those cases, transparency is 
redundant. Lastly, the author states that the assumption that SCT leads to a 
more sustainable business is highly questionable (ibid). 

Bastian and Zentes (2013) concluded in their research that SCT, specifically in 
the agriculture industry is beneficial in both long and short term for economic, 
social and ecological performance. They found that a high level of SCT 
correlated with having a supply chain consisting of fewer actors i.e. “cutting 
out the middleman”, having a well-functioning system of communication 
along the supply chain and only working with actors who have high ethical 
standard implemented in their business (ibid). In contrast to Mol (2013) that 
implies that the size of business matters when it comes to transparency, 
Bastian & Zentes (2013) does not mention that size of the business is an 
important aspect regarding the transparency. However, the complexity and 
size of the supply chain is the most important factor according to Bastian and 
Zentes (2013). 

2.2.1. Certification 

For certifications to work as a tool for transparency, trust is an important 
component. Eco labels, which is a type of certification, is a way of increasing 
the environmental transparency in the market and has been proven to 
influence both consumers and businesses to increase environmental thinking 
(Darnall & Aragón-Correa 2014). However, this environmental thinking only 
has a positive effect if the consumers have trust in the label and if producers 
provide correct information (ibid.). Unfortunately, the eco labels have 
historically been viewed as difficult to interpret or trust (Lavallée & Plouffe 
2004) and often communicate incorrect information (D'Souza 2004). 

The most trusted certifications are the ones verified by a third-party. Darnall 
and Vázquez-Brust (2018) found that consumers trust in governmental and 
NGO certified labels, as they are seen as trusted third-party verifiers. The 
authors claim that without trust, eco labels are a useless source of information 
and will not nudge consumers to buy the eco-labeled products. However, 
regarding eco-labels certified by private businesses only around 50% of 
European consumers trust that the environmental information is correct 
(ibid.). Lastly, a majority of the consumers in Europe think that they are not 
provided a sufficient amount of information about the environmental aspect 
of products (Eurobarometer 2013). 
  

https://journals.sagepub.com/doi/abs/10.1177/1086026614562963
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2.2.2. Traceability 

A product’s traceability refers to the possibility of obtaining information about 
where, how and when a product was made (Olsen & Borit 2013). Traceability 
has become more important in recent years due to consumer demands and 
legislation (ibid.). In the wine industry, the required information on the wine 
label is origin, brand, vintage, alcohol percentage and cultivar (Wines of South 
Africa n.d.a). However, the information on the wine label can easily be 
manipulated and unfortunately counterfeit wine has turned in to a billion-
dollar market (Lee 2017). 

One motivator in the wine industry to increase traceability is to reduce wine 
fraud, counterfeit and to keep track of toxic chemicals (Biswas et al. 2017; 
Kshetri 2018). However, Biswas et al. (2017) explains that this is not an easy 
task because of the number of actors involved in the process of making wine. 
To obtain sufficient information from the supply chain of wine, more 
sophisticated technology is required (ibid). Biswas et al. (2017) also suggest a 
blockchain based traceability system, where information is desired from all 
steps of the supply chain including growers, packers, producers, bottle fillers, 
wine cellars, importers and retailers. In that way all parts of the supply chain, 
even end consumers can access information about the wine and trace its origin 
(ibid.). According to Kshetri (2018) a blockchain based traceability system is a 
great solution in the wine industry to prevent counterfeit wine. 

The next section is about blockchain because the research for the thesis 
focuses on how blockchain can increase traceability and transparency in the 
wine industry.  

2.3.  Blockchain technology 

The blockchain section consists of: blockchain technology, smart contracts, 
blockchain application areas and the internet of things. Blockchain technology 
will firstly be explained but what is really interesting in this case is the 
applications of blockchain and how you can use the technology by for 
example make smart contracts and combine with internet of things. 

Blockchain is a decentralized distributed ledger system where information can 
be safely stored. It is an increasingly researched technology (Casino et al. 2019) 
that originates from the crypto currency Bitcoin (Biscontini 2018; Nakamoto 
2008). The technology offers a safe way to transfer information (Biscontini 
2018) and therefore has a wide range of application areas (Casino et al. 2019). 
When new information is added in a block the members of the network shares 
it and verifies it (ibid.). The new block is added to previous blocks, building a 
chain of blocks - a blockchain (Biscontini 2018; Nakamoto 2008). 

Blockchain can remove the need for trust. One of the most important changes 
the technology has brought is its decentralized nature (Casino et al. 2019). 
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Since the information in the network is verified by the entire network it 
removes the need for a trusted third party that verifies information and 
enables non-trusting actors to exchange information (Biscontini 2018) or 
transactions (Nakamoto 2008) since the system itself provides the trust. 
According to Nakamoto (2008) the banking institutions have historically been 
the trusted third party when it comes to financial transactions. The 
decentralized nature also is beneficial since there is not a single point of failure 
(Biscontini 2018; Caro et al. 2018; Min 2019; Nakamoto 2008; Wang et al. 
2019). 

Blockchain technology platforms can be designed in different ways. Wigström2 
explains that there are three types of access platforms that blockchains can 
operate in: private, public or a hybrid. Wigström further explains that there are 
several different types of blockchains depending on the type of transaction. 
The different transactions can be contracts, supply chain information or 
financial transactions. Wang et al. (2019) similarly claims that blockchain 
networks can be public or permitted, where permitted can be private (owned 
by a single company) or have a consortium of members controlling access. 

Within the blockchain network one of the most important functions is the 
consensus mechanism. This mechanism dictates how the network verifies 
information (Nakamoto 2008). A lot of different consensus mechanisms come 
from variants of three basic concepts: Proof of Work, Proof of Stake and 
Byzantine Fault Tolerance (He et al. 2018; Makhadoom et al. 2019). These 
consensus mechanisms are explained in Appendix II. 

Within the wine industry there could be a use for blockchain. Biswas et al. 
(2017) suggest a blockchain based system for the supply chain of wine and 
claim that it provides a secure and transparent traceability system. In their 
model for such a system, the information flow starts at the grape grower 
where a genesis block is created the first block of the blockchain). The chain is 
then developed by winemaker, cellar, distributor, wholesaler and retailer. The 
main challenge with such a system is the slow speed of the transactions (i.e. 
the information input) (ibid.). 

To demonstrate the security of the system Nakamoto (2008) explains how the 
probability is affected by the number of blocks the attacker gets behind. This 
is for the proof of work case and can look different for other consensus 
mechanisms. To be able to send false transactions an attacker would have to 
produce a parallel chain to be able to fool the honest nodes in the system 
(ibid.). Nakamoto (2008) explains that that the probability of an attacker 
catching up with the honest chain is shown can be described by equation 1, 
where: 

                                                
2 Niclas Wigström CFO Chainvine, Interview 14th February 2019 
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p=probability an honest node finds the next block 
q=probability the attacker finds the next block 
qz=probability the attacker will ever catch up from z blocks behind 

      
                    

 
 

 
                

   (1) 

Nakamoto (2008) further explains that the progress an attacker has made on 
the false chain will be a Poisson distribution with the expected value presented 
in equation 2. 

     
 

 
   (2) 

The Poisson density for the progress made is then multiplied by the 
probability that the attacker could catch up from that point as shown in 
equation 3 (Nakamoto 2008). 
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Equation 3 is then rearranged to avoid summing the distributions infinite tail 
as shown in equation 4 (Nakamoto 2008). 
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The probability to successfully complete a fake transaction decreases 
exponentially with the number of blocks that the attacker gets behind as 
presented in table 1 (Nakamoto 2008). 

Table 1: The probability of a successful fake transaction decreases 
exponentially when the blocks increase.  

z (blocks behind) p (probability of fake transaction 
to succeed) 

0 1 

1 0,2045873 

2 0,0509779 

3 0,0131722 

4 0,0034552 

5 0,0009137 

6 0,0002428 

7 0,0000647 

8 0,0000173 

9 0,0000046 

10 0,0000012 
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The following parts of this theory section is how blockchain can be used in 
combination with Smart contracts, Internet of things and other applications 
linked to supply chain management. 

2.3.1.  Smart contracts 

One possibility of blockchain is to utilize smart contracts. These are intelligent 
and digital contracts (Blockgeeks 2019). They are coded scripts on the 
blockchain that are self-enforced (ibid.). This means that a contract can be 
coded to act in a certain way depending on the input (Konstantinos & 
Devetsikiotis 2016). The contracts can be used to proclaim property, digital 
assets or anything else that you would use a physical contract for (Blockgeeks 
2019). The benefits of smart contracts are that they are safe, cheap, fast and no 
trusted third party is needed. The contract is build upon the If-Then premise 
through digital keys and can be triggered by specific events such as an expire 
date (ibid.). As described, smart contracts are one of the main applications of 
blockchain technology but there are many more. Some of them are presented 
in the following part. 

2.3.2.   Blockchain applications 

Blockchain technology is said to make supply chains more transparent, 
efficient (Kshetri 2018) and resilient (Min 2019). As additionally described 
further down in this section, there are both challenges and potential for the 
use of blockchain technology in the supply chain management. 

Blockchain can be used in many sectors (Casino et al. 2019). Kshetri (2018) 
argues that complex supply chains can benefit from blockchain technology in 
the supply chain. By using blockchain in the food industry there are 
advantages such as lower administrative costs, time and speed effectiveness, 
increased control over products, higher dependability and more flexibility in 
the supply chain (ibid.). According to Nguyen (2016) blockchain technology is 
also an important part of making monetary flows more transparent and safer. 
In the globalized world, international companies can become more efficient 
when not having to pay fees that occur when changing currency or 
transferring money between countries. Nguyen (2016) also argues that 
blockchain technology is in line with making the world more sustainable since 
it simplifies financial transactions (ibid.). Kshetri (2018) claims that a tracking 
system based on blockchain technology is more suitable for certain products. 
In industries where a product’s production process, transportation conditions, 
and longevity are of concern, a tamper proof information system in the supply 
chain is most beneficial. However, Kshetri (2018) elucidates that blockchain 
systems in the supply chain still face severe challenges. Firstly, international 
laws can aggravate the supply chain processes. Since many supply chains are 
complex it takes time and effort to set up the infrastructure for such a system 
(ibid.). Min (2019) argues that the main challenges of blockchain are the 
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amount of processing power the technology uses, the potential governmental 
interference (through laws and regulations) and companies refusing to use it. 

The last important application of blockchain technology is the internet of 
things, which is explained in the next section. 

2.3.3. Internet of Things 

Blockchain technology and smart contracts are often important elements when 
Internet of Things is discussed with the reason being that blockchain is a 
secure way to save information in a decentralized manner (Pauw 2018). 

The internet of things (IoT) is when devices, such as probes, sensors or other 
machines, are connected to each other and to the internet (Mohn 2018). IoT is 
one of the important areas of digitalization and automation (ibid.). It is 
expected to become powerful in combination with blockchain technology 
(Konstantinos & Devetsikiotis 2016; Reyna et al. 2018;). In the agriculture 
sector IoT can help reduce harmful pesticides and increase efficiency 
according to Colucci et al. (2018). 

In conclusion, blockchain technology has many possible applications but in 
this thesis we are mostly interested in how it can be used in the supply chain. 
Interestingly, there is a possibility for blockchain, smart contracts and internet 
of things to also improve the sustainability of supply chain and this subject is 
the last part of the theoretical framework of this thesis. 

2.4.  Sustainable supply chain management 

In order to put all parts of the theory together sustainable supply chain 
management is the last part because it is the link between all the previous 
theories. The following section combines technology, certifications, CSR, 
transparency and traceability in the wine industry’s supply chain to achieve 
sustainability – sustainable supply chain management. 

Supply chain management (SCM) can be defined accordingly: a number of 
organizations that work together in a stream of value adding, quality 
improvement and customer satisfaction providing processes to bring products 
and services to consumers (Christopher 1992). 

Sustainable supply chain management (SSCM) however, aims to improve a 
firm’s actions in the supply chain in order to bring beneficial consequences in 
terms of social, economic and environmental sustainability (Sajjad & Eweje 
2013). The same authors argue that as the awareness for sustainability is 
increasing, many stakeholder groups now expect firms to be committed to 
finding sustainable solutions in everyday practices. However, there are both 
motivators and challenges for firms to incorporate sustainability in the 
organizations and nonetheless, the commitment from firms can actualize in 
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many different ways (ibid.). Making a supply chain more environmentally 
sustainable is called greening supply chains (Ageron et al. 2012). Ageron et al. 
(2012) found that the main motivation for greening the supply chain are 
governmental regulations and other stakeholders putting pressure on a firm’s 
supply chain management. Motivators that are internal are for example visions 
and values coming from top management in a firm. When a firm invests in 
becoming greener the effects are improvements in performance and 
competitive advantages (ibid.). Green et al. (2012) found the same positive 
outcome regarding manufacturing companies as well. A strengthening of 
brand reputation seems to also be an effect of sustainable supply chain 
management according to Eltarltawy et al. (2009). 

There are many different actions that an organization can take to improve its 
SSCM and that will simultaneously improve the economic viability of a 
company (Carter & Easton 2011). These actions include; reduce packaging 
material, make transportation safer and more efficient, reduce employee 
absence by improving organizational culture and staff health, increasing 
product quality and efficiency in the supply chain (ibid.). Along with what 
Nguyen (2016) suggests, a helping tool for some these sustainability actions to 
become implemented, blockchain technology could be future candidate. 

2.5. Summary 

Blockchain utilizes a distributed ledger system that has the potential to 
improve several aspects of the supply chain and addresses sustainability from a 
TBL perspective. A blockchain solution could remove the need for trust in the 
supply chain and could play a key role in a beneficial increase in transparency 
and traceability. By utilizing smart contracts and the IoT the processes can be 
automated and strengthened whilst greatly simplifying the complicated world 
of certifications. Blockchain can also increase the trust in certifications by 
currently skeptical consumers. The transparency can help companies that 
focus their CSR efforts efficiently gain a more sustainable competitive 
advantage. In certification processes, blockchain can reduce administrative 
costs and increase efficiency. Blockchain in the supply chain of wine can 
eventually contribute to sustainable supply chain management. 
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3. Research method 
This chapter will in detail explain the research methodology, research design and methods 
that were used in the study to collect and analyze empirical data. Additionally, important 
aspects such as ethics and trustworthiness of the used methods are discussed. 

3.1. Research methodology  

The theoretical perspective from which the qualitative research is conducted in 
this study is interpretivism. Since the collected data will partly consist of 
people’s opinions, prospects and thoughts it is appropriate to view the data 
from an interpretivist or in further detail a phenomenological standpoint (Gray 
2017). This perspective enables the empirical data to bring meaning and pose 
as the explanation the world is constructed by those who experience it (ibid.). 

The research methodology is qualitative research where, according to Yin 
(2018) the participants are in their natural setting and their subjective opinions 
are investigated. The object of this study is to obtain in-depth information 
about the role of new technology used in the supply chain of wine for SMEs 
in South Africa. In line with how Gray (2017) and Yin (2018) describe 
qualitative research, this study investigates subjective opinions, thoughts and 
feelings of participants in their daily work settings. 

3.2.  Research design 

The thesis is built upon three main concepts which are sustainability, 
transparency and technology. Consequently, these concepts highly influenced 
the research design to make sure that the process would result in answering 
the research questions. 

According to Yin (2018) a pre-study can help the researchers to find the 
appropriate scope and focus of their study before they collect the main data. 
In order to refine our data collection, the study started off with a pre-study 
which consisted of two expert interviews in Sweden. The pre-study provided a 
better understanding of the research area and could help the researchers 
develop a better research plan. Simultaneously, a literature review was 
conducted in order to comprehend the current state of research regarding the 
main concepts of the thesis. After the pre-study, the main data collection was 
then conducted through expert interviews, interviews and observations. After 
the data was collected, it was analyzed in the form of thematizing. These 
themes were lastly compared and discussed by the researchers. An overview of 
the research is depicted in figure 2. 
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Figure 2: The main parts of the thesis on a timeline (authors illustration). 

3.3.  Research method 

This following section explains the research methods for data collection, data 
analysis, ethics and trustworthiness in detail. The study is a case study where 
the case is the South African wine industry with surrounding industry 
organizations. Yin (2018) states that case study research is analogous to 
qualitative research and that appropriate data collection methods are 
interviews, observations and secondary data. 

3.3.1. Data collection 

The data collection consisted of primary and secondary data. The primary data 
collection took place around the Stellenbosch region, South Africa during two 
months. The collection methods were; expert interviews with industry 
organizations; interviews with wine producers and observations. The 
secondary data collection consisted of a literature review. 

A. Secondary data 
Literature review 
A literature review was the first step of this research. When doing case study 
research it is important to have sufficient knowledge about current theories in 
the field (Yin 2018). The theoretical framework was built on published 
scientific articles from appropriate databases such as Scopus, Business Source 
Premier and IEEE Xplore. 

B. Primary data 
Semi-structured interviews 
Yin (2018) recommends conducting interviews as part of the data collection in 
case study research. This is because one of the defining features of case studies 
is that they are highly contextual (Yin 2018; Brinkmann & Kvale 2015). Semi-
structured interviews were chosen to enable the interview subject to talk more 
freely about specific subjects that he or she were more interested in. Semi-
structured interviews were also suitable for the study because they allow for 
follow-up questions (Gray 2017; Brinkmann & Kvale 2015). 
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The interviews are divided into two groups; expert interviews and wine 
producer interviews. There were in total five expert interviews, two were 
conducted in Sweden during February 2019 and three were conducted in 
South Africa March-April 2019. The expert interviews were based on their 
area of expertise and required different interview guides to cover the 
interviews. The interview guides are presented in appendices VI-XI. The 
subjects for the expert interviews were chosen according to their relevance to 
the central concepts, see figure 3. 

 
Figure 3: The link between the central concepts of the thesis and the data collection (authors 

illustration). 

In the pre-study, Systembolaget was interviewed to gain general knowledge 
about the industry and supply chain of wine from South Africa. Chainvine was 
interview for their expertise regarding blockchain technology. The pre-study 
interviews were also used as primary data as they were considered expert 
interviews. In South Africa, the experts participating were from industry 
organizations. SAWIS, representing traceability; WIETA, representing 
sustainability and Winetech, representing technology. More detailed 
information of what expert interviews were conducted is provided in 
Appendix III. 

The interviews with wine producers, see Appendix IV, were structured in the 
same way for all seven producers. The interview guide for the producers is 
available in Appendix VI. The objects for these interviews were to obtain in-
depth information about the role of technology in the supply chain and what 
the impacts are on SMEs. The size of each winery was defined based on the 
amount of primary production of grapes presented in an industry report by 
SAWIS (2017). This is depicted in Appendix I. 

Transcribing 
Brinkmann and Kvale (2015) suggest that audio recording the interviews can 
be beneficial since it offers the opportunity to re-listen to the interviews. They 
further argue that through transcribing the interviews further analysis is made 
possible (ibid). All of the interviews conducted in the study were therefore 
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recorded, but only the wineries were transcribed. The expert interviews were 
not transcribed since detailed analysis was not necessary. All quotes from the 
expert interviews were double checked and verified by the interviewee when 
written in text. According to Silverman (2013) this will ensure that the data 
were correctly used and also strengthen the research’s internal validity. 

Observations 
Both Gray (2017) and Yin (2018) claim that observations can be useful when 
trying to understand a field setting. Considering the field setting of the 
research, wineries were observed to gain a thorough understanding of how 
things work in the day to day business. Photos were taken during the 
observations and recordings taken afterwards to remember what was 
observed. The conducted observations are depicted in Appendix V. 

3.3.2. Data analysis 

Secondary data analysis 
Public reports on the wine industry in South Africa was read to obtain 
information on the industry’s current state, statistics about it, challenges, 
improvements and objectives. These reports were mainly from non-profit 
organizations that represent stakeholders in the wine industry. Before reading 
them, each report was reviewed to make sure that it was a legitimate 
organization that had produced it. This was done by controlling websites and 
other information sources about each organization. The organizations 
legitimacy was confirmed by the sustainability manager at Systembolaget. 

Analyzing 
One analysis method recommended by Brinkmann and Kvale (2015) is 
coding, which consists of categorically attaching keywords to different text 
segments. One method of coding according to Gray (2017) is thematic 
analysis. He suggests that patterns and meaning can be found within the data 
which can help address the proposed research questions. All of the transcribed 
interviews in the study were coded independently by the two researchers to 
increase reliability and validity (ibid). After the independent coding was 
complete the two researchers discussed and merged their findings. 

As a tool in the coding, software called NVivo was used as recommended by 
Gray (2017). NVivo helps by simplifying the process of dividing codes into 
themes (Alfasoft 2019). By using thematic analysis specific steps were executed 
on recommendation from Gray (2017). These steps were done in the 
following order; 

1. Familiarization with the transcribed data. In this step, the two researchers 
separately got familiar with the data by reading it, playing with is and 
reflecting over it. 

2. Initial coding. Both researchers started to discover patterns, specific 
important parts and created initial nodes in NVivo. 
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3. Thematizing: In this phase, the researchers started to group the nodes and 
create themes and sub-themes. This stage was also conducted separately by 
the researchers. 

4. Reviewing and discussing themes. During this part, the researchers 
reviewed each other’s work and started to discuss what had been found in 
the analysis. The important part in this step was to review the analysis to 
make sure that sufficient data could prove the discovered theme and serve 
as evidence. This was done by questioning and discussing each found 
pattern. 

5. Define themes. The last step was to name themes, define each theme and 
secure that all themes have a purpose in regards to answering the research 
questions. 

Gray (2017) argues that thematic analysis is a relatively easy analysis to conduct 
but one needs to be careful and make sure that everything that is discovered in 
the analysis has strong evidence in the data. 

3.4.  Ethics 

According to Gray (2017) and Silverman (2013) it is crucial in qualitative 
research to have consideration about the ethical aspect. When doing 
qualitative research, the data is often collected in close relation to people and 
therefore there is a chance to find out about private matters. One way of 
doing so is by making sure that all information about someone or something is 
approved by the organization or the person of matter (Gray 2017). In order to 
conduct ethical research this study followed the advice from Silverman (2013). 
All interview subjects were informed of the purpose and use of the research 
they contributed to (ibid.). Anonymity was promised to all participants. The 
experts in the pre-study were explicitly asked if they could be named for 
theory referencing, which was accepted. All who took part in the research did 
so completely voluntary and the researchers had no personal interests that 
affected the research. As mentioned earlier, all quotes were confirmed with the 
subjects to ensure that the researchers’ interpretations were correct. In respect 
to privacy and responsibility, any recordings that were made during the study 
were deleted after its usage. In all research it is important to make sure that no 
participants are harmed in any way by it (ibid). To ensure this the researchers 
attempted to have as honest, open and respectful communication with the 
participants as possible. Doing a case study in South Africa also posed a risk 
since the researchers were not used to the existing culture, jargon or common 
concerns. To make sure that all the participants personal data was treated 
correctly extra ethical considerations were taken. Therefore, extra ethical 
consideration was demanded during the data collection. The data was also 
collected in accordance with Karlstad University’s GDPR recommendations. 
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3.5. Trustworthiness 

Triangulation is a measure used to ensure reliability and trustworthiness in 
qualitative research (Gray 2017; Silverman 2013) The main idea is to collect 
and analyze collected data from different perspectives in a secure way. In this 
way the risk of the research containing low quality data or faulty conclusions 
will be minimized (Gray 2017). The ways of triangulation used in this study 
were the following: 

 Including many different stakeholders that were independent on each 
other as well as collecting data at several small and medium sized 
businesses around the Stellenbosch region 

 Having more than one researcher collecting data to avoid bias or 
misinterpretation 

 Using several methods of data collection such as interviews, observations 
and secondary data analysis 

These three ways of triangulation are called data, investigator and multiple 
triangulation (ibid). 

A study’s reliability is also about whether the conclusions and findings of a 
study can be replicated if another researcher would conduct the same case 
study (Gray 2017). A solution to this problem is according to Yin (2018) to 
keep a case study protocol whereas much information about the procedures 
during the case study is documented. This advice was followed during the 
research by having a thesis diary. 

When addressing internal validity, the respondents were contacted after their 
interviews so ensure the accuracy in the findings. According to Gray (2017) 
this is important to ensure the faithfulness of the interpretations. 

Regarding the external validity, Gray (2017) addresses this as the most 
problematic issue in case study research. External validity is the criteria in 
which the generalizability of the findings is tested. According to Gray (2017) 
the problem is that case study research often does not cover the whole 
population and is therefore not generalizable. If attempting to formulate 
generalizations, there are steps to take (ibid.). The generalizations formulated 
in this thesis were cautious. The conclusions drawn were honest and 
transparent. The constraints or alternative explanations of generalizations were 
also presented to give the reader a correct view. All of these steps were 
supported by Gray (2017). 
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4. Empirical study 
In the quest of finding information about the role of technology for increasing transparency 
and traceability for SMEs and specifically looking at blockchain technology, this chapter will 
present the main findings from the data collection. Since the data analysis consisted of 
thematic analysis, the results will be presented according to the themes that were found in the 
analysis. 

The case study for this thesis was conducted in South Africa, more specifically 
in and around Stellenbosch. South Africa is the seventh largest wine producing 
country in the world, making 10.8 million hectoliters of wine every year (Top 
wine SA 2017). There are 546 wineries in total and the biggest international 
export markets are United Kingdom and Germany (ibid.). In the study, seven 
SME wine producers were interviewed together with three industry 
organizations in South Africa and two companies in Sweden. Details about the 
interview subjects are found in Appendix III and IV.  The interview guides for 
all interviews are found in Appendix VI-XI. 

When the data from the wine producer interviews were analyzed, the 
researchers found specific themes that the main findings could be divided into, 
which resulted in the seven themes depicted in table 2. 

Table 2: Contains the overview of the themes and sub-themes that was 
found in the thematic analysis. 

Themes 

4.1. Grapes and sourcing  

4.2. Wine making 

4.3 Network 

4.4. Administrative work; certifications & compliance 

4.5. Sustainability; Economic, Environmental & Social 

4.6. Technology; blockchain technology 

4.7. Traceability 

 

4.1.  Grapes and Sourcing 

All the respondents said that the grapes are the most important part of wine 
production because without high quality grapes you cannot make high quality 
wine. In South Africa there is currently a disease called leaf roll virus that 
infects the vines and ultimately lower the yield and quality of the grapes. Many 
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of the producers identified the virus as being a huge problem to the South 
African wine industry, with large monetary costs. 

Every season in the vineyard is different depending on the weather, so there is 
no recipe how to grow the grapes, treat them for disease or when to harvest 
them. Wine producer 2 put it in a good way: 

But there's so many variables, there's millions of variables and at 
the end of the day it comes down to a gut feeling knowing the style 
of wine you want to do. 

The quality of the grapes from the vineyards also depends on geographic 
placement and many other parameters. A wine producer often has their own 
vineyards in combination with sourcing grapes from other grape growers. 
When a wine producer is choosing where to buy grapes from, it is crucial to 
physically visit the place, look at the vines and taste the fruit. Often, a wine 
producer will not know if the grapes are good before wine is made from those 
grapes and therefore there is also a bit of trial and error. 

Many grape farmers that only farm grapes to sell to wine producers are not 
economically viable and it is a tough industry to be in. This was pointed out by 
many of the respondents. Because fruit farming is becoming more profitable, 
grape farmers focus less on growing grapes which makes it harder for wine 
producers to buy high quality grapes. Lastly, many wine producers agreed on 
the fact that if something would go very wrong, it would probably be in the 
vineyards, during the grape growing process. 

4.2. Wine making 

Almost every respondent claims that wine is a sophisticated, luxury and 
artisanal product that communicates its heritage through style and flavors. 
Every winemaker has his or her own way of making wine and there is not 
really a recipe because a lot of the winemaking is based on experience and a 
feeling. “You can’t make wine on a computer” (Wine producer 2) 

Decisions regarding the production are often made ‘on the spot’ and physically 
being present around the product is the closest thing to a guarantee that a 
winemaker has on how it is going to turn out. Two different methods of 
keeping track of the contents in the wineries are presented in figure 4. “I just 
prefer… Because it is also a tactile thing the wine making process so you go to 
a barrel to taste the barrel, you don’t want to be flapping around with a laptop 
or a piece of paper” (Wine producer 3) 
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Figure 4: Two different ways of keeping track of the wine during fermentation (authors 

photos). 

In regards to monitoring the winemaking process there is a healthy skepticism 
to technology since it is wonderful when it works but can be costly if it 
malfunctions where entire batches could potentially be ruined. The producers 
were asked if they would be interested in more automated systems with for 
example displays on each barrel that shows the chemical analysis of the wine, 
but most were not interested. 

So, what is important is to taste at the same time so having a thing 
on the tank monitoring that would be helpful, but it is sort of half 
the job. (Wine producer 3) 

Few winemakers will make decisions according to what technology will tell 
them because at the end of the day it is about tasting and smelling the wine. 

You want to smell it. Your nose is a big part of the quality because 
if the tank is in distress it might still go down in sugar and the 
temperature looks fine but it smells bad and that is because it needs 
some nutrition (Wine producer 5) 

To be honest I mean we used to have a system which would 
monitor the tanks on a live basis, but the problem with that is that 
you end up sitting on your computer watching charts. If you 
actually physically have to go to the tank, open it, work with the 
wine, taste it, you can then make a decision [...] (Wine producer 4) 

Information regarding the product during winemaking is not seen as 
something worth saving or displaying to consumers because such data does 
not really mean a lot. For example sugar levels, acidity levels and pH are 
constantly monitored but when the wine process is completed, that 
information is not important anymore. 

Some wine producers would be interested in having more information about 
their product, such as chemical properties of the wine, but only if it would 
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improve the quality of the product. Some also disclose that there is no time or 
energy available to collect or analyze data. 

4.3. Network 

Contracts with grape producers are often quite informal and in many cases the 
business partners are personal friends and neighbors. Proper contracts seem to 
not be needed for small wine producers who tend to make business with a 
hand shake. One reason for this is because the wine producers want grapes 
from the area since the style of the wine reflects its location and climate and 
therefore often make business with neighbors. There exist no official platform 
for buying and selling grapes, aside from for bulk wine, and most of the deals 
are based who you know in the industry. 

After the wine is produced, there are agents and/or distributors that distribute 
the wine to different markets. These distributors sometimes work with a large 
portfolio and many other wine producers as well. In this sense, smaller wine 
producers are likely to not be prioritized. Generally smaller producers felt like 
they do not attain sufficient feedback or attention from the distributors and 
specific information about sales are lacking. Some wine producers are 
interested in knowing exactly where their wine is sold, to whom, for what price 
and more. This is the type of information that can be difficult to obtain from 
distributors. Sometimes wine producers will have tourists doing wine tastings 
at the vineyard in South Africa and asking about where the wine can be 
bought in their home country, which in many cases the producer, cannot 
answer. So as far as the network goes, the wine producer mainly has contact 
with the grape producer and with its closest distributor. 

Except for distribution, other goods and services required in the supply chain 
of wine could be chemical purchases, equipment purchases, bottling services, 
packaging services, freight and marketing. See the full supply chain in figure 5. 
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Figure 5: A mapping of the general supply chain for SME producers. The blue boxes are 

other goods and services provided and the black boxes are the main actors (authors 

illustration). 

The communication with retailers and end consumers is virtually non-existent 
for the small-scale producers and even if such channels would be available, the 
smaller producers feel like there is no time to do anything with that 
information. Medium sized producers tend to have more communication with 
distributors, agents and retailers because they have employees to handle that 
side of the business. 

One specific part of the supply chain was brought up by many producers as a 
quality risk; the transportation. When wineries are shipping their products 
overseas, the temperature is an important factor. Several wineries have had 
problems when shipping wine. In some cases the products have been damaged 
when reaching the end-customers. When this happens, it is difficult to know 
what caused the damages and who was responsible for them. 

Winery 6 addressed shipping issues by insulating the wine to protect it from 
heat exposure. This has built trust with their distributors and when quality 
issues arise, the distributors trust that the products have been treated with care 
in the winery’s possession. These kinds of actions might answer responsibility 
questions when it is easy to know where the fault has happened. As a business 
the wineries are not interested in being responsible for a problem they did not 
cause. 

4.4. Administrative work; certifications & compliance 

Administrative work was an emerging theme during the interviews where the 
sub-themes compliance and certification were included. For a wine producer 
in South Africa to claim origin, vintage and cultivar on the label, they need to 
adhere to the rules and regulations of the Wine of Origin Scheme, which is 
administered be the Wine and Spirit Board. The wine producer must provide 
detailed documentation about the production process and submit this to 
SAWIS. SAWIS is contracted by the board to carry out certain administrative 
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functions. This type of administrative work is further referred to as 
compliance. 

The compliance requires a lot of time and effort primarily from the smaller 
producers interviewed. Unfortunately, the amount of work required for 
compliance is unrelated to the size of the wine producer.  Expert D gives an 
example of this: “If you submit 100 liters of wine or 100 000 liters of wine, the 
administration around that is exactly the same”. Bigger wine producers tend to 
have designated staff for handling compliance. Smaller wineries are more 
sensitive to the administrative load because of insufficient resources. A 
common theme in the smaller wineries is that the winemaker has multiple 
roles in the business. 

The wine industry is highly seasonal and the workload increases immensely 
during harvest (January - April). For small wineries, an additional employee to 
handle administrative work might therefore only be economically justified 
during that time of the year. The administrative load is also seen as a 
distraction for many of the winemakers since they want to focus on producing 
good wine. 

In addition to compliance, certification is common among the wine producers. 
The reason for certifications seems to be based on the business strategy. Most 
of the wineries claimed that certifications and the attached audits are costly 
and time-consuming due to the amount of admin. Expert A explains that a lot 
of wineries spend money on consultants to get ready for audits or to 
implement changes in the organizations after audits. They further estimate that 
a certification-process usually takes around 6-8 months, depending on how the 
audits and follow-ups go. Sometimes, the same certification will involve 
separate audits for each country where the wine is sold. For example, to be 
organically certified in Japan, certain information is required but to be 
organically certified in Italy, other information is required. 

4.5. Sustainability; Economic, Environmental & Social 

Almost every wine producer talked about the struggle to become economically 
sustainable and the difficulties of competing in a global market. It takes a lot 
of resources to manage export markets and South Africa, with a weak 
domestic market, is competing with strong economies like California and 
Australia. The geographical location of South Africa also seems to be an issue 
since it is far from many of their export markets. 

Most wineries see environmental sustainability as a natural part of their 
business, since the consensus says that it is hard to make good wine without 
caring for the environment. The wineries need to defend their assets and that 
is the reason for spraying with pesticides or insecticides, which they always 
attempt to minimize. Some do this by new aerial drone assessments. Using less 
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chemicals in the vineyards would mean both environmental and economical 
improvements. 

Regarding social sustainability, expert A at explains that a lot of the wineries 
are requesting training and education about working rights. This is because a 
lot of workers do not know their rights at work. All of the wineries seem to 
value the opportunities of creating jobs and tend to do what they can to make 
sure that work is evenly spread across the year, to make place for more long 
term contracts. Wine producer 3 addresses environmental and social 
sustainability in this way: 

At our price point, people assume that you do things ethically and 
environmentally friendly and all of those things. And in fact, you 
can’t produce great wine without being reasonably sensitive to the 
environment. (Wine producer 3) 

4.6. Technology 

As stated earlier, the vineyards are the most sensitive part of winemaking 
because they are affected by weather, droughts, pest and disease. 
Consequently, there is a demand for technology that has the purpose of 
controlling and securing the health of the vineyard. Most of the producers 
mentioned drones as a technology that could be of much assistance when it 
comes to this.  Drones can quickly provide images of the vineyards and 
measure vigor, disease and health of the vines. Most winemakers ‘walk the 
vineyards’ regularly to ensure the health of the vines although it is time 
consuming. Additionally, drones can show maps and pinpoint out exactly what 
row of vines that are infected or dried out which is hard to do manually. 

I know there is someone doing a trial in our vineyard using drones 
and different photography methods to determine the stress and the 
disease status of vines so that is being done. If something happens 
in the vineyards, it can be picked up immediately. So, I can see the 
value in that. (Wine producer 1) 

The other main motivations for adopting technology are if technology would 
lead to quality improvements or free up time from administrative work in 
order for the winemaker to be able to focus on the wine. During the wine 
production, it seems like technology is welcome but only to assist and never to 
be in charge of anything. All the producers want to keep things simple and are 
worried about the expense of software systems and other types of technology. 
So constantly, there is a battle of cost-benefit. 

We looked at putting a system in here and I expected a big number 
and the number that came was about ten times what I expected, 
and I was like okay. (Wine producer 2) 



35 

When using technology in the form of sensors, probes and other data 
collecting technology there is a gap according to Expert B. In order for this 
technology to be useful there is a need for efficient ways of analyzing the 
captured data and actually putting it to use in the organization. 

There is a drive towards giving technology a bigger role and basing decisions 
on but still there is a lack of technological skill-set. There is however a 
skeptical side where people think that they will lose their jobs when 
automation comes along. When wine producer 7 was asked about reason for 
adopting new technology, ze answered: “I don’t know. I don’t want to lose 
job.” 

Connectivity across the country has been criticized by all of the South African 
experts and a lot of the wineries. The lacking infrastructure is restraining 
businesses willing to digitize from improving their business situation. Another 
big problem for businesses is the load shedding that takes place in the country. 
Many of the wineries have big issues, especially with cooling when the power 
goes off. The uncertainty of electricity supply causes a lot of problems for 
everyone in the industry. 

The experts from Chainvine also state that the technological skills are in a lot 
of cases with small businesses not there, so when creating blockchain systems 
for smaller producers, you have to start building a simple system with low 
costs. According to them, small businesses want to be transparent but they do 
not have the money power or the technological skills. Another important 
aspect of a blockchain system in this case is that for such a system to work for 
wine producers the whole supply chain must be included. This is something 
the experts refer to as the company’s ecosystem. The current ecosystem has 
some elements of collaboration between different actors. 

4.7.  Traceability 

The traceability system in South Africa is one of the best in the world for 
controlling where the wine comes from, how it is made, when and where. 
SAWIS is, as mentioned earlier, responsible for the administration and 
inspection in this regard. They do physical checks which according to 
Sutherlin3 is rare. 

South Africa has for a long time been one of the best practical 
examples of traceability, they have a very well-developed system 
compared to other countries [...] They actually go out and 
physically control the tanks and its content. (Sutherlin) 

Traceability is something that all wine producers appreciate as something 
important and is also a way for them to structure their production. However, 

                                                
3 Hanna Sutherlin Sustainability Manager South Africa Systembolaget, Interview 19th February 2019 
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there seems to be little or no worry about counterfeit among the producers 
but traceability is important for other reasons and there is a big potential for 
improvements in the system. When explaining the importance of the 
traceability system for the industry expert D from SAWIS explains: 

If you take milk and milk and you add it together what do you get? 
Milk. In the case of wine if you take a Cabernet and a Merlot and 
you blend it, you've got a cab-merlot, not just wine. We need to 
keep track of that process. (SAWIS) 

The system assigns a unique seal number to every individual bottle which is 
explained by people in the industry as a one of a kind in the world. The seal is 
presented in figure 6. This seal number can be queried on SAWIS website 
(available to the public) and internally at SAWIS (not available to the public) 
they can trace it down to the grape farm (grape block if it is a single vineyard). 

 
Figure 6: The SAWIS seal that is traceable by its unique number (authors photograph). 

When it comes to collecting information, technology does not play a big role. 
The current system is largely paper-based and a lot of wineries use 
spreadsheets to record data for compliance or certifications. The information 
is later entered in to the digital systems and information banks at the industry 
organizations. 

It's like quite an old system, and I think they are busy, it's like 
paper-based, it's amazing, I don't know if any of this sounds like 
something from the ancient times. We have like green forms and 
pink forms and… (Wine producer 1) 

In the interview with SAWIS there seems to already be a certain digital 
infrastructure for information sharing, where organizations such as WIETA 
can access certain information from the SAWIS data bank. The information 
that WIETA collects is highly confidential, however the wine producers 
certified by WIETA have the option to share the information with outside 
actors, such as Systembolaget in Sweden. SAWIS also stressed the fact that the 
data they collect is sensitive and data security is of the utmost importance. 



37 

SAWIS said that blockchain can be used as another or alternative layer of 
security and regarding a blockchain based system in the wine industry, SAWIS 
states the following: 

Your basic system within your organization or your company needs 
to be there and if the basis is there and you put blockchain on top 
of that, perfect, but if the basis is not there blockchain is not going 
to provide you suddenly with all the magical solutions, answers and 
traceability. (Expert C) 

4.8. Summary 

The empirical study showed seven themes. Grapes and sourcing show how 
wineries carefully pick their grapes to reflect their type of wine and addresses 
the complexity of growing high-quality grapes. Wine making identifies how 
wine making is a hand craft and how the producers do not want to base 
decisions on technology. Network reveal how business is done on a handshake 
in South Africa and there are seldom any official contracts in place when 
sourcing grapes. Administrative work takes a lot of time that the wineries put 
on compliance and certifications, time that is spent away from making good 
wine. Sustainability is an issue were wineries are struggling in a global market 
to stay competitive while being geographically far away from important export 
markets. Technology show new technology is mostly needed in the vineyards 
to combat disease and pest. Traceability identifies how South Africa has one 
of the best traceability systems in the world, the infrastructure for sharing 
information in the industry and again, explains the complexity of wine and 
why the information needs to be saved. 
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5. Discussion 

Based on the research questions, the discussion will bring together the theoretical framework 
and empirics to interpret results and discuss the main subjects of the thesis such as 
sustainability, transparency through certifications and what blockchain technology can do for 
SMEs. 

5.1. Role of technology 

When traceability and technology is becoming more important, technology has 
come to play a major role in order for businesses to be economically 
sustainable. Smaller businesses express a frustration over the amount of work 
they have to put in to be transparent, which was found in the empirics. Similar 
to what Mol (2013) expressed about transparency systems becoming too 
sophisticated, the findings suggest that SMEs do not have the time or 
resources to be transparent and have ultimate traceability. This is also 
something that Dr. Rajiv Mathur4 points to and why he emphasizes the need 
for simple technology that keeps the cost down so that SMEs can increase 
their traceability systems. 

In the study, it became clear that one of the main ways for producers to be 
transparent is through certifications. Currently, the smallest producers cannot 
become certified even though they naturally fulfill requirements of many 
certifications because it is not economically sustainable for them. So if a wine 
producer has extremely high standards for ethics they will not be able to 
communicate this to consumers because they cannot afford to do the audits 
for that certification. If a producer wants a certification, they have to 
sometimes do several audits because different countries have different rules 
and this makes things even harder for SMEs to join the transparency system 
of certifications. So in these cases both the experts and producers expressed 
the value in having technology to simplify certification processes and enabling 
SMEs to be more transparent. By doing so, supply chain traceability can also 
according to Bastian and Zentes (2013) help businesses become more 
sustainable by minimizing inefficiencies in the supply chain. 

5.2. Drivers and implications of adopting new technology 

Two main drivers occur from the empirics for why SMEs want to adopt new 
technology; quality and efficiency improvements. The empirics indicate that 
the wine industry is tough for the smaller actors, where a lot of grape growers 
are struggling to stay viable. The struggle of competing on a global market gets 
harder because of the geographically distant location of South Africa to 
important export markets. To succeed, wineries need skilled and efficient 
distributors in export markets to improve efficiency since the logistics and 
geography gives their global competitors a two week head start. Given these 

                                                
4
 Dr. Rajiv Mathur CTO Chainvine, Interview 14th February 2019 
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conditions, wineries tend to have two main interests in adopting new 
technology; the technology will give quality improvements or it will improve 
efficiency. 

The point of highest risk during production is where technology seems to be 
the most desired and that is when growing the grapes. Most of the producers 
seem reluctant to involving technology too much in the winemaking because it 
is a handcraft that needs the human element. You cannot make wine on a 
computer. There is however more need for technology when it comes to 
securing the quality of the grapes in the vineyards. Currently, this type of 
monitoring is manual and time-consuming because the vineyards are large 
areas and there are many factor affecting the vineyards. IoT devices such as 
drones, probes and sensors are currently used or trialing at many of the 
wineries. The areas of use are to improve efficiency in regards to water-, 
pesticide-, insecticide- and fertilizer-usage. Since blockchain and the IoT is 
seen as a powerful combination (Konstantinos & Devetsikiotis 2016; Reyna et 
al. 2018) the increased use and interest in new IoT-devices in South Africa can 
bring efficiency improvements to the industry. If the producers would have 
access to such IoT devices, both efficiency and quality could be improved, 
which is supported by Colucci et al. (2018). 

Another area where new technology seems desirable is to minimize the 
amount of administrative work. A lot of admin work is also conducted 
through the use of spreadsheets which is clumsy and inefficient. All the wine 
producers want to be able to focus more on making good wine instead of 
spending time on administrative tasks. The participants in the study from the 
smaller wineries generally take on several roles. Therefore, it seems like 
members of smaller organizations desire technology to assist them with the 
roles that is outside their area of expertise, so that they can focus on what is 
really important for the business. The administrative load on wineries could be 
lightened by a blockchain system which is supported by Kshetri (2018). 

Technology can be a tool for a more efficient use of pesticides (Colucci et al. 
2018). By reducing excessive spraying of pesticides, costs are lowered, working 
conditions are improved and eco-systems are protected. When there is 
insufficient information regarding exact location of disease, it is hard to know 
where and when to use the pesticides. Hence, the farmers tent to over-use 
chemicals. The most important driver for wineries to increase efficiency seems 
to be that the costs are lowered. However, the implications of increased 
efficiency will often be beneficial from a TBL perspective as proposed by 
Elkington (1999) and Adams (2006). So, in the case of pesticides, it brings a 
financial benefit to the business but also positive effects on all aspects of 
sustainability. 

Regarding the increase of CSR in the industry, transparency can enable 
stakeholders to demand for better social or environmental sustainability 
initiatives (Santini et al. 2013). This is one of the reasons why businesses 
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involve CSR in their practices according to the study. So even when there is 
no financial gain to improve sustainability, a transparent business might do it 
anyways because of external drivers like stakeholder or consumer demands 
(ibid.). According to Bastian and Zentes (2013), having a transparent supply 
chain also leads to higher profitability and higher ethical standard. 

5.3. Blockchain technology and areas of improvement 

The extensive bureaucracy in the industry is a distraction for wineries even if 
the traceability system is appreciated and valued. The compliance part of the 
industry could be vastly improved by blockchain technology by simplifying the 
data collection process and remove admin. 

When handling sensitive data from the wineries blockchain could add another 
level of security. The sensitive information communicated for compliance and 
certifications could be ‘blockchained’ to improve data security which is 
supported by Nakamoto (2008) and Biswas et al. (2017). 

As earlier discussed, certifications are a great way for producers to be 
transparent and increase traceability. However, if the certifications are not 
completely trusted as the Eurobarometer (2013) shows then labels will become 
useless (Darnall & Vázquez-Brust 2018). In this matter, what the experts from 
Chainvine disclosed, a blockchain based system for traceability could bring a 
level of security to certifications systems. This is something that Expert D also 
points out. So, what Darnall and Vázquez-Brust (2018) found was that 
consumers trust certifications that a third party such as the government has 
audited but the great thing about Blockchain technology is that it removes the 
trust from the equation (Biscontini 2018). 

Kshetri (2018) and Biswas et al. (2017) argued that counterfeit wine is a 
current issue in the industry that blockchain technology in combination with 
IoT could resolve. This might possibly be an issue with more expensive ranges 
of wine but was not an issue for the participants in this study. 

Regarding the question of responsibility and trust in the supply chain the risk 
of shipping products can be reduced by using IoT-devices that keeps track of 
the conditions. Producer 6 and 7 both talked about the issue with freight and 
transportation where they feel like they can’t control the conditions of their 
product after it has left the winery and is shipped from the bottom of Africa 
to the other continents. These containers can sometimes be exposed to high 
temperatures when for example being left in broad daylight for several days in 
the harbour. By having technology present in the form of sensors and IoT the 
producers would be able to obtain information about the condition of their 
products (Biswas et al 2017). If something goes wrong in any step of the 
supply chain, and a traceability system is in place, there will be no question 
about who is responsible. This ultimately leads to the opportunity for 
improving the supply chain and choosing the best services available. 
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The administration regarding export markets can also be improved with 
blockchain. Smart contracts can be used to simplify the way business is done 
with export markets which is supported by Konstantinos and Devetsikiotis 
(2016). Wine producer 6 explains that export markets can be complicated with 
a lot of different currencies and pricing models. Similarly Wigström5 explains 
that a lot of companies do business in a lot of different currencies and time-
zones, where smart contracts could simplify the way to do business. With 
smart contracts in place some of the administrative work could be automated 
and the workload on the winery decreased. The results are supported by 
Nguyen (2016) that explains that smart contracts can simplify financial 
transactions. 

In theory, the combination of IoT and blockchain technology is a promising 
development (Konstantinos & Devetsikiotis 2016; Reyna et al. 2018) which 
can be used in the supply chain (Casino et al. 2019). If information about the 
production methods can be automatically transferred to the traceability and 
certification systems, less work would be required by the producers. This is 
supported by Biswas et al. (2017) who argue for a blockchain system in the 
supply chain of wine. Unfortunately, most of the producers communicated the 
concern of how costly these systems and IoT machines would be and do 
therefore not see this development possible in the near future. This type of 
systems might be more appropriate to bigger producers that have to keep 
track of more things and have the money power to invest in such technology. 

When looking at the industry dynamics it becomes apparent that a lot of the 
basic processes and certain elements of a potential base for blockchain exists. 
The industry possesses one of the most evolved traceability systems in the 
world and the traceability system run by SAWIS already has a lot of elements 
seen as suitable for blockchain technology. These elements are the automatic 
extraction of information to other industry organizations (WIETA, wineonline 
etc.), sensitive information being transferred and a robust foundation of 
collecting data within the industry. There seems to be a basic infrastructure 
that could benefit from a blockchain system. 

Even with the infrastructure present it would take a long of time and be 
extremely costly to build a system where the whole ecosystem is involved. It is 
also an initiative that the small and medium producers could not lead because 
of the lack of money power. So ideally, the industry organizations and/or big 
actors in the industry would have to be the leading force to implement such a 
system. SMEs would probably be the last ones joining even though they would 
also benefit greatly from it. 

Blockchain is said to also act as a feedback loop since the whole value chain 
can be traced (Casino et al. 2019). So, the wine producer could have the 
possibility to obtain information about where the products are sold in a simple 
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way. Since many of the producers in the study expressed the lack of 
information about the last steps in the supply chain, a system that can provide 
this will likely be appreciated. However, there is an ethical concern because 
how much information the producer can obtain from the consumer. Another 
concern is that for the producer to get access to information from the 
consumer, someone has to put that information in the system, that 
information should be analyzed and that takes work that no one seems willing 
to do. So like Dr. Rajiv Mathur6 said, the processes must be in place and from 
there, anything can be put in the system. Ideally from the wine producer’s 
point of view, every consumer would give feedback about the wine in order 
for them to make better wine but it is unlikely that people will take the time to 
do this. What might be more appropriate in this matter is that more simple 
information that can automatically be put in the system such as how many 
bottles of what wine was sold where. Geographical information is possible to 
obtain by the use of sensors (Mohn 2018) and can also thereby provide 
information to producers about where their products are sold. This could 
result in the opportunity to do micro-marketing and similar. Lastly, producers 
would also be able to tell visitors in South Africa where the wine can be 
bought in other countries which desired by producers in the study. 

By enabling businesses to easily track their supply chain and to be transparent 
it will increase the possibility of sustainable supply chain management. If the 
whole supply chain is transparent, all the actions that Carter & Easton 2011) 
suggest in order to make the supply chain more environmentally friendly is 
possible. In addition, knowing that making the business greener or focusing 
on CSR will improve the brand (Eltarltawy et al. 2009) and competitive 
advantage (Green et al. 2012), blockchain technology can most definitely have 
a positive impact on businesses sustainability. 
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6. Conclusion 

In the last chapter the main finding and conclusions are presented connected to the aim and 
object of the thesis. Additionally, the contribution that the thesis has made, limitations of the 
thesis and lastly, what type of research is suggested for the future is also presented. 

The main aim of this thesis was to understand and assess the role technology 
has in creating traceability and transparency for sustainable businesses. 

A blockchain system could simplify the many different compliance and 
certification processes that is involved in the traceability system and that 
makes businesses transparent. It could also make communications between 
different industry actors more efficient and save time for smaller wineries in 
the administrative work. With one of the world’s best traceability systems the 
South African wine industry has a lot of elements that are suitable for 
blockchain, where the basic information infrastructure already exists. 
Blockchain could then add an extra level of security and increase trust in the 
system. Technology, with the possibility of blockchain, is the most needed 
when it can ensure quality and reduce inefficiencies. Blockchain and IoT have 
the possibility of doing so. However, the artisanal parts of the business cannot 
be replaced by technology. The implementation at mainly the SME producers 
of such a system seems unlikely in the near future since a lot of wineries are 
struggling to stay profitable and the technology improvements needed to 
implement such a system would be very costly. 

6.1. Contribution and future research 

This thesis has contributed with an initial investigation to the possibilities of 
implementing a blockchain-based traceability system for the South African 
wine industry. It has shown what kind of problems that wineries and industry 
organizations face, what they need to overcome these problems and how 
technology can be of assistance. The study also focused on SMEs which is a 
perspective that is often neglected. The respondents view on technology has 
also been presented. Since the study is a qualitative study the findings are hard 
generalize and no generalizations were made. 

Future work on the topic should be directed towards investigating the benefits 
for larger corporations in the matter of implementing a blockchain system. 
Another possible future study would be to develop a framework for a 
blockchain-based traceability system. 

6.2. Limitations 

The researchers noticed a big difference between small and medium sized 
wineries. The study was conducted with 5 small wineries and 2 medium sized 
wineries. The choice to include the medium sized wineries was based on that 
in an international context these wineries were still relatively small. Once the 
decision was made to include the medium sized producers time constraints 
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made it hard to find new sources. To combat this issue in the future the 
samples should be taken from the same size-category. 

In the data collection, no expert interview was conducted with IPW, the 
organization responsible for the environmental sustainability of the wine 
industry in South Africa. Instead, WIETA was chosen to represent the 
sustainability aspect, but they are only focusing on social sustainability. IPW 
would have been smart to involve because of their clear connection to 
environmental sustainability in the industry. The main idea to do the expert 
interviews was to enable triangulation of data so that things that wine 
producers said could be backed up by an organization as well. So, when the 
wine producers made claims regarding the use of pesticides and other 
environmental matters, it would have been an advantage to know IPW’s view. 
Unfortunately, there was not enough time to arrange an interview when the 
researchers realized the need for such. Ideally, the researched should have 
done a clearer mapping of the industry organizations before going there to 
make sure the most appropriate organizations were prioritized for an 
interview. 

6.3. Managerial implications 

The cost is one of the biggest concerns the wineries have when looking at 
blockchain technology. The easiest way to keep the costs down with a 
blockchain traceability system is to start with a small-scale trial – a pilot 
project. A cheaper initial system could be designed very small and simple 
based on technologies already existing at the wineries. To simplify the 
transition to the pilot project, it might be smart to involve tech-savvy, 
progressive wine producers in the more expensive range of wine. By starting 
with an implementation on a small-scale and then widening the pilot to include 
some of the industry organizations such as SAWIS and WIETA, a full-scale 
system could be up and running within a few years. The benefits would 
probably show after a few years since administrative costs and effort could be 
greatly simplified freeing up time for wine producers to focus on making good 
wine. The possibilities of connecting IoT-devices to the blockchain means that 
as soon as new equipment is purchased it can quickly and easily be added to 
the blockchain and evolving the network after each winery’s capability. A 
blockchain system would increase the trust in an internationally criticized 
industry and help managers capitalize on the exceptional traceability system 
that is currently in place. 
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 Appendices 

Appendix I – Definition of SME by dividing small, medium and 
large producers 

Research 
definition 

SAWIS (2017) definition (tons of 
produced grapes) 

Sample 
size 

Small (SME) 1-500 5 

Medium (SME) 500-5000 2 

Large 5000- 0 
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Appendix II - Consensus mechanisms 

1. Proof of work (PoW): is the consensus mechanism behind the first 
blockchain, Bitcoin (Nakamoto 2008; He et al. 2018). The basic 
concept is that miners have to guess a nonce (arbitrary number that can 
be used just once (Computer Hope 2018) that solves a cryptographical 
puzzle (Makhadoom et al. 2019)). Makhadoom et al. (2019) explain that 
since the puzzle is computationally intensive it makes it hard for 
dishonest nodes to compete against the system. Bitcoin uses the longest 
chain principle, where the majority decision is represented (Nakamoto 
2008). Since the puzzle is designed to take time (roughly ten minutes 
per transaction (He et al. 2018; Nakamoto 2008) and is trivial to verify 
for a verifier (He et al. 2018) it makes it virtually impossible for a single 
attacker to compete against the system (Makhadoom et al. 2019). PoW 
also does not have a consensus finality, which means that the 
transactions are probabilistic, while at the same time practically solving 
the double spending problem (He et al. 2018; Makhadoom 2019; Wang 
et al. 2019). Makhadoom et al. (2019) further explain that PoW is 
suitable in permission-less blockchains. 

2. Proof of stake (PoS): a consensus mechanism designed to address the 
high transaction time, energy use and computational power needed and 
is based on the idea that participants with higher stakes are less likely to 
attack the system (ibid.). In PoS the highest consumed coin age is the 
deciding factor in choosing the main chain instead of longest chain in 
PoW where coin age is (He et al. 2018). PoS is similarly to PoW 
probabilistic regarding consensus finality meaning that more 
transactions are needed to consider transactions confirmed 
(Makhadoom et al. 2019). The authors further explain that PoS is 
suitable in both permission-less and permissioned blockchains. 

3. Practical Byzantine Fault Tolerance (PBFT): is a consensus mechanism 
belonging to the Byzantine Fault Tolerance family (Makhadoom et al. 
2019) that addresses the Byzantine Generals Problem (He et al. 2018). 
The problem was presented by Lamport et al. (1982) and comes from 
Byzantine generals deciding whether to attack or retreat from an enemy 
city. The generals are camped on different sides of the city and can only 
communicate through messengers and have to reach an agreement on 
what to do. To complicate things some of the generals could be traitors 
attempting to prevent the loyal generals from reaching consensus 
(Lamport et al. 1982). The purpose of PBFT is to make sure that 
conflicting information does not disturb the consensus of loyal actors 
in the system (He et al. 2018). He et al. (2018) explain that to reach 
consensus a primary is selected who is responsible for ordering the 
transaction. Through three phases: pre-prepared, prepared and commit 
a consensus in the network can be reached even if the primary ordering 
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the transaction is faulty (He et al. 2018). All the participants in the 
network need to be known to the rest of the network, but instead of 
probabilistic consensus there is an instant consensus on transactions 
using PBFT (He et al. 2018; Makhadoom et al. 2019; Wang et al. 2019). 
There is also a low transaction latency meaning that more transactions 
can be verified in less time (Makhadoom et al. 2019). The authors 
further explain that PBFT is suitable in permissioned blockchains. 

Appendix III – Conducted interviews with experts 

Interview subjects Expert 
organization 

Position Date Time 

Niclas Wigström + 
Dr Rajiv Mathur 

Chainvine CFO + CTO 14 February 
2019 

1h15min 

Hanna Sutherlin Systembolaget Sustainability 
manager SA 

19 February 
2019 

52min 

Expert A WIETA Manager 12 March 
2019 

56min 

Expert B Winetech Manager 14 March 
2019 

56min 

Expert C & D SAWIS Manager + IT-
specialist 

9 April 
2019 

59min 
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Appendix IV – Conducted interviews with wine producers 

Interview 
Subject 

Position Date Time 

Wine producer 1 Wine maker and owner + admin 
manager 

8 March 
2019 

1h23min 

Wine producer 2 Cellar master 13 March 
2019 

57min 

Wine Producer 3 Owner and winemaker 22 March 
2019 

1h02min 

Wine producer 4 Owner and winemaker 26 March 
2019 

48min 

Wine producer 5 Winemaker 28 March 
2019 

1h20min 

Wine producer 6 Owner and manager of sales and 
marketing 

5 April 
2019 

1h09min 

Wine producer 7 Winemaker + admin manager + 
HR-manager 

5 April 
2019 

54min 

Appendix V - Observations 

Observation 
place 

Content Guide Time Documentation 

Winery 1 Wine production 
and laboratory 

Winemaker 30 
min 

Recording & 
notes 

Winery 3 Wine production, 
lab, bottling, 
labeling and storage 

Owner of 
farm 

30 
min 

Notes 

Winery 5 Wine production, 
laboratory and 
labeling 

Wine maker 20 
min 

Recording 
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Appendix VI- Interview guide for Wineproducers 

*Introduction, anonymity, recording and background* 

What is your name and position? 

Please walk us through your process of making wine and the most important 
steps in production 

Buying grapes from other vineyards: 

Where do you get your grapes from? Are they documented in some way? 

Do you buy from specific farmers? 

What information exists regarding the grapes and how is information 
communicated? 

How do you find the type of grapes you need? 

What expectations do you have on grape suppliers? 

Growing your own grapes: 

What information is collected during this process? 

What is important for you when growing grapes? (Any specific procedure) 

If the grapes are certified, how is this verified? 

Wine production: 

What information is collected during this process? 

Is there any step in the winemaking that is extra important to control or 
monitor (save information about?) 

Can you think of any information that you do not collect now, but would be 
of interest to collect? 

What aspects of the production are important from a quality perspective? 

How do you keep track of what grapes that goes into what barrel or bottle? 
And how is this registered? 

What are the main challenges with being a small/medium sized producer?  

Network: 

What does the network for buying and selling grapes look like? How do the 
transactions work and how are they registered? 

What other actors are involved in the supply chain? 
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Distributors 

Exporters 

Industry org. 

Do you have any contact with retailers?  

Information and communication: 

What parts of your wine making would you like to communicate to retailers 
and consumers? 

When looking at the value chain of wine what do you think is the most 
difficult information to trust/make transparent/verify? 

What administrative parts are the most demanding? 

What is your opinion on the current supply chain and how it works?  

Technology: 

*We give a short introduction to blockchain and IoT*  

How do you use technology in your business today? 

Are any steps in the winemaking process automated? 

What are your thoughts about increasing digitalization in the production? 

If you were to adopt a new technology, what would be the main reason for 
doing so? 

Do you have some specific type of technology that you have been looking at? 

How can new technology improve your day to day work? 

Are there any administrative parts that could be automated perhaps by using 
sensors or IoT machines?  
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Appendix VII - Interview guide Systembolaget 

Presentation, bakgrund och anonymitet. 

Övergripande om Sydafrika och värdekedjan: 

Hur ser värdekedjan ut för vin från Sydafrika idag? 

Vilka aktörer finns? 

Vad är deras roll? 

Finns det några “blind spots” i värdekedjan idag där systembolaget inte har 
koll? 

Vad är era långsiktiga mål i Sydafrika och har ni någon plan för hur de ska 
uppnås? Vad är viktigast och vad bör göras först? 

Systembolagets roll i värdekedjan: 

Hur sker kommunikationen från systembolagets sida med de olika aktörerna? 

Hur sker kommunikationen sinsemellan (mellan de olika aktörerna)? 

Vad har systembolaget för uppföljning av hållbarhetsfrågor i området? 

Hur kan ni lita på informationen ni får från andra parter? 

Revisioner - hur går en revision till? 

Wieta - Hur sker uppföljning av deras arbete? 

Om ett vin är certifierat, hur går det processen till? 

Vilka är de största problemen som systembolaget upplever i värdekedjan? 

Hur bemöts dessa problem idag? 

Vad ser ni för framtida lösningar på dessa problem? 

Vad finns för system för att skydda mot otillåtna kemikalier i produktionen? 

Vad ser ni för behov från era kunder? Vill de ha mer information och i sådana 
fall vilken slags information är de intresserade av? Finns det några rapporter på 
detta?  

Transparens, digitalisering och framtiden: 

Har du någon information om hur digitaliserad industrin är just nu och hur 
tror du det kommer att se ut inom den närmsta framtiden, vad kommer att ske 
först? 
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Tror du att det finns incitament och en ambition från vinproducenterna och 
andra delar av värdekedjan att öka transparensen? Vilka skulle tjäna på ett 
transparant informationssystem? 

Tror du att vissa vinproducenter är mer öppna för att öka transparensen och 
sökbarheten och varför det? 

Vilken del av värdekedjan är viktigast för er att den blir mer transparent? 

Finns det några intressanta rapporter som vi kan få tillgång till? 

Tack för att du ställde upp på en intervju! 
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Appendix VIII - Interview guide - Chainvine 

Information och presentation av projekt, deltagare, anonymiset och syfte. Är 
det okej att vi spelar in? 

Hej, vill du berätta övergripligt om företaget och din roll på företaget? 

Hur startades det och varför? 

Vad såg ni för behov på marknaden? 

Var är ni verksamma, vilka länder och industrier? 

 Ett system som bygger på blockchainteknologi, hur fungerar det? 

När i värdekedjan börjar data samlas? 

Vilka ställen är viktigt att de dokumenteras digitalt? 

Vad är den viktigaste informationen att få med i ett sådant system? 

 Vilka har tillgång till informationen? 

Är IoT involverat i kedjan? 

Vem/vilka tjänar på ett sådant system? 

Vad har ni sett för konsekvenser för småskaliga druvodlare? 

Vilken slags infrastruktur behövs för att implementera ett sådant system? 

Vad finns det för potential för ett blockchainsystem? Hur långt fram i tiden 
kommer det vara en naturlig del i vinindustrins värdekedja? (ledande?) 

 Vad har ni sett för fördelar och nackdelar för de som har ett sådant system? 

 Fungerar det bättre för vissa branscher/företag? (Varför gav ni er in i 
vinindustrin?) 

Vilka är de största riskerna? 

Vet ni något företag eller bransch som ligger i framkant i detta område? 

 När man ska implementera ett blockchainsystem på ett företag, vad är de 
första stegen? 

 Behövs det utbildning på plats? 

Vilka är de viktigaste samarbetspartnerna? 

Varför vill intressenter som vinproducenter vilja öka transparensen? 

Vad finns det för olika värden för olika parter?  
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Hur ser ni på Sydafrikas vinindustri? 

  Finns det planer på att expandera dit? 

Grundades idén för chainvine på Bitter grapes som gjordes i Sydafrika? 

Hur tror du industrin skiljer sig i Sydafrika mot andra länders vinindustri (t.ex. 
Italien?) 

Finns det andra utmaningar eller annan potential där? 

Använder ni er av så kallade “Smart contracts”? 

Tack för att du deltog i vår studie! 
  



61 

Appendix IX - Interview guide WIETA  

Can you please walk us through the process of ethically certifying a wine? 

How long does a certification generally take? 

How much administration is needed? 

What are your demands on the wine producer? 

What is the most important action in order to increase the ethical standard in 
the wine production? 

What are the future main challenges in the wine industry according to 
WIETA? 

What parts of the supply chain is covered by your certificate? 

How is information collected? 

How is information stored? 

What information is of most interest to you? 

How do you communicate during the process of certification? 

Who do you communicate with during the process? 

What parts are conducted by using some kind of technology? 

-          What technology is used? 

Are there any steps in the process that is automated? 

-          Do you see any manual tasks that have the possibility of being handled 
digitally? 

Are there any future plans of further digitalization in your organization? 

-          What parts? 

-          Why? 

-          What are the benefits? 

Who has access to the information that you collect? 

Is there any information regarding the supply chain that is difficult for you to 
get access to? 

How important is transparency and traceability in the wine industry? 

What are the benefits of ethically certifying a wine and who benefits the most? 
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Do you see any differences between how small-scale wine and large-scale wine 
producers work? 

What do you think are the main challenges for small scale producers? 

Have you seen any trends regarding what type of wine producers that wants to 
be ethically certified? 

Thank you for having this interview with us! 
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Appendix X - Interview guide Winetech  

*Presentation and introduction to thesis. If needed, an explanation of 
blockchain technology and its implications in supply chain management* 

 Please tell us about yourself; your job position, work tasks and the main 
objectives of the company you work at.  

What parts of the industry is Winetech in contact with? 

How do you communicate with them? 

Can you tell us a little about what the current state of digitalization looks like 
in South Africa’s wine industry compared to other parts of the world? What 
are the strengths and weaknesses? 

What are the main challenges that you see in South Africa right now in regards 
to digitalization and usage of technology? 

What parts of the value chain of wine are the most and least 
knowledgeable/developed/digitalized?  

Why do you think that technology is important in this wine industry? 

What problems might it solve? For who? 

What problems can it create? For who? 

What demand for technology do you see currently in the wine industry? 

What type of technology? 

What is it used for? 

Why is there a high demand for it? 

What is the role of technology when creating sustainable businesses? 

What type of sustainability can technology contribute to? (social, 
environmental or economic?) 

 Why is technology important to make businesses more competitive? 

Can you see any difference in the possibilities for a small-scale producer and a 
large-scale producer when it comes to technological development and keeping 
up with new technologies? 

What do you think are the main challenges for small-scale businesses in this 
matter? 

What are your views if the current usage of certifications in the wine industry? 
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Do you think technology can improve the current certification processes? 

How and with what technology? 

 What is the role of technology in driving transparency? 

Do you think there is a need for such technologies? 

What type of technology do you see the industry using in the future to ensure 
transparency?  

Are there any specific types of technology that you are researching at the 
moment?  

Have you looked at blockchain technology within the industry? 

In what areas could it be useful? 

How could it improve the industry? 

Advantages and disadvantages? 

Who could use it (or what stakeholders?)  

What do you think are the possibilities and limits of the Internet of things in 
the industry?  

Where do you see the South African wine industry in 10 years?  

What are the first and most important steps in order for the industry to reach 
its full potential/ strengthen its competitiveness in the world market? 
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Appendix XI - Interview guide SAWIS 

* Introduction to project and presentation*  

Please tell us about yourself, your position and about SAWIS as an 
organization 

What is it that SAWIS do and why? 

What kind of information do you collect? 

How do you collect it? 

How is it saved? 

What type of software do you use and why are specific software used? 

Is anything automated at SAWIS? 

What is the most important information for you to access? 

How do you check that the information you receive is correct? 

What parts of the supply chain do you control? 

Why is traceability important in the wine industry and to whom? 

What are the main challenges in the wine industry when it comes to 
transparency and the transparency? 

By having strong traceability in the industry what are the benefits? 

What are the effects on wine producers? 

Do you see any difference between small and big wine producers when it 
comes to transparency and traceability? 

What possibilities in the future do you see regarding digitalization in the 
industry?  

What is the role of technology in driving transparency and traceability for 
sustainable business in the wine industry? 

What is the driving force for adopting new technology with the possibilities of 
blockchain in tracking the value chain of wine? 

Thank you! 
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