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Abstract

:

The wine sector is one of the most ‘amazing’ and significant agri-food sectors worldwide since ancient times, considering revenue or employment as well as health aspects. This article aims to describe the impact of the implementation of blockchain technology (BCT) in the wine supply chain. After the literature review, the study is based on Agent Based Models (ABMs) and carried out by the GAMA program. Then, the model and simulation of BCT wine supply chain is designed. Finally, the paper compares traditional and BCT-based supply chains, and the advantages of the last one are evident. Blockchain is a useful tool to ensure a traceability system and to protect the production from any type of fraud and contamination.
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1. Introduction


Today’s society continues to place growing importance on health and wellness and address issues surrounding them, taking responsibility for a healthy lifestyle. The attitudes and demand for higher quality have changed considerably [1,2]. Consequently, an important issue is the process of food and beverage production and its perfection [3]. Therefore, in the recent times, agricultural policies have aimed to produce higher quality products.



Still, as reported by WHO [4], an estimated 600 million people in the world become ill and 420 thousand die yearly because of eating contaminated products. In turn, it causes lower productivity of the people and higher healthcare costs [5,6]. These numbers are motivated by the fact that certain bacteria not only damage the product, but they can also be transmitted to humans [7].



On the other hand, globalization has caused the complication of supply chains as they have gotten longer. They contain more participants from suppliers to final consumers. This caused the complexity of finding a bottleneck through the supply chain and provoked the simplicity of falsification of products [8,9]. Difficulties in tracing the product timely may result in spreading the contaminated goods on the market and problems of identifying affected items. As a result, the producer may become forced to recall a greater amount of products and may be under the risk of losing the reputation as well [10]. Therefore, the information about each stage of supply chain acquires greater importance.



According to Martins-Lopes and Gomes [11], special attention is focused on the products with PDO (Protected Designation of Origin), PGI (Protected Geographical Indication) or TSG (Traditional specialty guaranteed). In these cases, the information about geographical and climate conditions, production techniques, and alike matters, is extremely valuable as they guarantee the characteristics, safety, and quality of products. One of the most sensitive products in this regard, is wine [12,13]. The quality of wine depends on the grape sort; the zone where the grape is grown; its treatment; when the grape is picked up and crushed; the production process and environment including the variation of temperature and utensils in which the liquid is prepared; if there is any mistake in bottling and packaging; storage; and transportation conditions. A little error in any stage can result in the failure of the product [14,15,16,17,18,19]. Subsequently, the transparency of all processes through the wine supply chain is becoming crucial for each participant of the supply chain and especially for final consumers [20].



In order to be able to achieve this mission, modern software innovations need to play a crucial part in the overall process [21]. Meaning, a corresponding software and hardware can be complemented towards determining challenges, avoiding those obstacles in short time periods, and making overall process of bringing the products to the customer as efficiently as possible.



The main obstacles that arise usually are the lack of information, its falsification, or unreliability [22,23]. Ultimately, the absence of necessary information or its inaccessibility may cause a negative impact on product quality and reliability, and subsequently, on the health of consumers [24]. At such times, the emerging technologies play a crucial role. They allow the information to be accessible and controlled in a short period of time. This is happening through the digitization of data and the acceleration of industry and society [25,26].



Despite the fact that the emerging technologies can digitalize the data and make it accessible, the reliability of the information still remains as a challenge [27]. So, it should not remain out of consideration. It is necessary to be sure that the information provided by governments, suppliers, producers, as well as other external entities such as IoT companies, is reliable, complete, immaculate, and not falsified [28,29]. In order to achieve this condition, having a centralized system can be an impediment. There is a high potential for central authority to forge the information according to their own illegitimate interests. [30] Additionally, the usage of invalid, misinterpreted, or unrelated data while performing the data analysis can result in less accurate outputs, expectations, or system behavior, which will affect the total productivity of the agricultural system under analysis [31].



The purpose of the paper is (1) to describe the blockchain technology (BCT), its different types and characteristics with their advantages and disadvantages; (2) to bring the light to the structure, main issues, necessities, and requirements of modern supply chains; and (3) additionally, the aim is to investigate the impacts that could have BCT if it is adopted by the industries. Starting from the analysis of the literature review and from the study of Agent Based Models (ABMs) and of the potentials of the GAMA program, the model and simulation of BCT-based wine supply chain is designed. Finally, the paper compares traditional and blockchain-based supply chains. Therefore, the research question is as follows: could Blockchain-based supply chain be more effective than the traditional chain in terms of information sharing, and time and costs of tracking back the products? Can BCT, thanks to its transparent nature, have the ability to minimize disorganization and inefficiencies along the supply chain that may cause disastrous results?



The work is structured as follows: The next section deals with relevant literature in the field. First of all, the blockchain technology is described, and its Public and Private forms are differentiated. Then the implementation of BCT in supply chains is discussed by successively comparing the traditional and non-traditional wine supply chain. The next section explains the methodology of the study that includes the empirical analysis as a first step of the research methodology: Successively, in order to visualize the results of the case study, an Agent-Based Modeling and Simulation (ABMS) using the program GAMA is implemented. Results and discussions follow the flow describing and deepening the framework linked to the findings. Finally, the conclusion section closes the article.




2. Literature Review


2.1. Blockchain Technology—General Description


“Blockchain is a distributed ledger maintaining a continuously growing list of data records that are confirmed by all of the participating nodes” [32]. Blockchain technology is a digital ledger of records, called “transactions”, secured with a hash function, authenticated, and maintained through a distributed network of nodes using a consensus protocol [33]. Nodes are all participants involved in the blockchain, each one has a copy of the blockchain and equal authority to accept or not the new blocks [34]. The new blocks are added on the blockchain if all nodes achieve consensus on the transaction. An indestructible chain is formed, since once the new line (block) is added on the blockchain and proved from all nodes applying the hash function, it is not possible to change even a little detail in the older data by any single participant [35,36]. Therefore, as any distributed ledger technology (DLT), blockchain enables parties who do not trust or even not know each other, to interact on a peer-to-peer basis without any need of third-party authorities, and to exchange the data in a secure way. In the blockchain, parties trust each other on the basis of a consensus mechanism—a set of the rules that should be followed by each of the nodes to verify and validate the transaction and to add the block on a chain [37].



One way to provide reliable information is through a decentralized system that is trusted by all participants in the production and delivery process [38]. Also, this system should ensure data immutability. The reliability can be considered achieved, if the data is available to all participants and if they have the opportunity to verify that the data has not been falsified since its inception [39]. Besides, if there is a system that can ensure the reliability of the data, it will also be able to deliver the information securely to the recipient [40].



From this point of view, blockchain technology (BCT), the first decentralized technology originally developed for mining of cryptocurrency, has a potential to solve the problem of data reliability, transparency, and traceability, thus guaranteeing the trustworthiness of information. It represents a protocol providing the infrastructure that ensures the immutability of the information over time [27]. Because of this property, BCT has been applied in various different areas. The benefit for the food and beverage supply chain is noteworthy.



A very early beginning of blockchain technology can be found in the 90s when Haber & Stornetta [41] introduced the work “How to time-stamp a digital document”. The authors proposed two solutions in order to certify when a document was created or last modified: the hash function and the digital signature. Since these solutions time-stamp the actual bits of the document, changing even one character in this document causes the difference in hash value. So it is easy to show that the signed documents are modified.



Later, in 2008, on the basis of Haber & Stornetta’s [41] work, the blockchain technology (BCT) itself was invented by Satoshi Nakamoto as the technological basis for the Bitcoin cryptocurrency [42]. It is a decentralized digital database that allows the secure recording and sharing of all information regarding transactions, registered by different actors involved in the production and distribution processes. The main characteristics of blockchain technology are the immutability, transparency, and traceability of transactions, as well as security based on cryptographic techniques [27,43,44,45,46]. Regardless of these features, BCT remained under shadow for several years; in 2014 it began to emerge and it has continued to gain massive attention globally. This attention is shifting to different areas of uses other than money as well. Indeed, at present, BCT is among the popular topics for academic research and application in practice. Only in the first three quarters of 2016, 1.4 billion dollars were invested by startups [47].



Hence, recently, BCT has attracted increasing attention in the context of new applications. Using the BCT in various areas has made it necessary to diversify its types [48]. Each field has different requirements and restrictions. For instance, several studies [49,50,51,52] have shown that the transparent nature of BCT could be a problem in some areas. For this reason, the necessity of protecting the information from accessibility for everyone has risen. Additionally, in some cases, it is impossible to run the system in a totally decentralized and uncontrolled way. Some fields have legal requirements to know each party in the network [53]; the business sector mostly has the necessity to have the system more strictly controlled, with a restriction to modify or even read the blockchain state for several users [54,55]. Therefore, it becomes important to identify each node in the network. As a consequence, there are Public or Private/Permissionless and Permissioned Blockchain Technologies, described in the next section.



On the other hand, in some cases, the main requirement for the system is to minimize the latency or reduce operational cost. In this case, the consensus protocol plays a crucial role [56]. It determines the scalability of BCT, since the computational power and consequently the time for confirming the transaction depend on the quantity of transactions in each block and the interval between blocks [57]. Individual businesses independently determine the type of BCT that is comfortable for their work. According to the necessities of various industries, the different features of BCT have been evolved and diverse types of BCT have been developed. Consequently, the architecture of different blockchain technologies differ from one other. The public and private blockchains are described in the following section.




2.2. Public and Private Blockchains


Blockchain Technology, with its classical definition, provides complete decentralization and uncontrollability of the system [58]. However, over time, the necessity of permissioned BCTs has been raised. These kinds of BCTs make a possibility to predefine the nodes involved in the system [59]. It does not mean full centralization of a system. In this case, nodes need the acceptance for joining the network. After that, the system continues to work in a decentralized manner. This function supports a better authorization and authentication processes. It eliminates the problem of privacy in transaction processes [56].



Now blockchains can be categorized into three types: public (permissionless), consortium (permissioned), and private (permissioned) blockchains. Canadian programmer Buterin Vitalik [60] describes them in his article “On Public and Private Blockchains”, their characteristics (Table 1), and advantages and disadvantages (Table 2).



Seemingly, public blockchain is “fully decentralized”, anyone can read and send transactions; consortium blockchain is “partially decentralized”, anyone or pre-defined nodes can read, and only pre-defined nodes can send transactions; while private blockchain is “fully private” meaning that read permissions can be both restricted or public while the writing is centralized [60,61].



All three types of blockchain technology have their advantages and disadvantages. The users should choose the one that fits better to the requirements of a specific field of application.




2.3. Blockchain Application in Supply Chain


Agriculture is experiencing several environmental, economic, and social issues that push and motivate a transition towards sustainable paths within the global economic system [62,63,64]. Therefore, over the last decade, there was an exponential increase in promoting smart systems and in identifying ingenious solutions for all the sectors [65,66]. On the other hand, BCT has been found to be a revolutionizing technology for a number of different fields of the economy. One of the industries where BCT is very promising is agriculture.



The adoption of ICT in agriculture sector can certainly strengthen the large-scale transformation, decrease production costs, and increase investments growth [67]. Especially the adoption of blockchain technology promotes sustainable e-agriculture [68,69]. Therefore, BCT can play a fundamental role and could have a wide scope of application, taking into account the importance of knowing the origin of an agri-food product for consumers and of the usefulness of this technology to fight against counterfeiting and falsification of products.



Besides, BCT in the agricultural sector is being adopted for optimizing the processes in the supply chain; improving the traceability; enhancing food safety, and reducing times and cost of transaction, food fraud, and inefficient processes. In addition, blockchain can improve the profits of farmers and promote ethical businesses, like fair-trade, animal welfare, and reduce environmental impacts [63,70,71,72,73]. Therefore, the implementation of the BCT improves the traceability—the ability to trace and track the food through all the steps [74]. It can avoid a diffuse use of pesticides and fertilizers, which can cause the presence of residues dangerous for human health [75]. Additionally, BCT gives the ability to suppliers, farmers, producers, retailers, and governments to identify and confine contaminated elements and to follow its road along the supply chain.



It is noteworthy that thanks to abovementioned characteristics, BCT significantly reduces the time of re-call if the hazardous product appears in the retail shops. Therefore, it reduces the inefficiencies along the supply chain that may cause disastrous results [5,6]. Precisely detecting maleficent goods in time promotes recalling back the products before it spreads to the consumers, it does so only with the ones that are affected, so it reduces health risk, financial loss, and reputation damage [10,76].



Blockchain technology influences several factors in the agricultural sector (climate-environment related data, payments, soil-moisture, demand and sale price, seed quality, products’ convenience to the farmers, equipment, finance, loans etc.) and focuses on four key aspects [77,78,79]:




	
Consensus and distributed trust among farmers regarding crucial rights;



	
Security in terms of safety of the data;



	
Provenance that ensures safe sure transactions and avoids fraudulent data;



	
Trust among actors that are part of a ledger within buyer–seller relationships.








Consequently, BCT collects several advantages and generates an exclusive level of credibility but some limits persist and have to be dealt with: regulations, relationships among actors, data ownership, scalability, etc. [68]. Every business of the agri-food supply chain manages its own data-recording systems; so, a unique tracking system for info appears tricky due to the mismatch among software or data structures [80]. In addition, it is necessary to highlight that the costs of skilled human resources and of developing, adopting, and maintaining blockchain technology can be considered higher than other systems [81].



A recent work [63] investigated BCT in the light of the COVID-19 pandemic and of weaknesses and needs that emerged in the agri-food chain: The necessity of both real-time accurate information reflecting the purchase choices and of effective coordination between actors to reply with fast and adequate responses, and the urgency of efficient processes for reducing times in bureaucracy-based procedures. The figure below (Figure 1) illustrates an improved BCT-based supply chain system that can be arranged in COVID-19 era to improve the allocation of resources when dealing with unforeseen events.



Another recent research [82] proposes to implement a consortium BCT-based machinery scheduling system to join the advantages of the BCT to the intelligent distributed scheduling of agricultural machinery: In this way, it is possible to overcome a single point crash, high costs, and waste of resources. On the other hand, Khan et al. [80] suggested to combine IoT (Internet of Thinks) with BCT, implementing an IoT–blockchain-enabled intelligent system taking farmers as participants and allowing them to create personnel files and duly record files for each section (see Figure 2).



In order to combine BCT to risk issues, FAO proposes an interesting scheme, FARMS (Financial and Agricultural Risk Management for Smallholders), which provides, through the BCT, easy access to formal financial risk management, while increasing farmers’ financial literacy.



To underline the fundamental role that this technology could have in the future, Italian Ministry of Economic Development launched on 18 June 2020 a public consultation to collect proposals collected in the report “Proposals for the Italian Strategy on technologies based on distributed registers and blockchain”. The report reaffirms the importance of implementing a digital infrastructure based on blockchain technologies to promote the development of an ecosystem for the exchange of product information in order to increase its transparency and strengthen guarantees of origin and food safety, involving all the actors in the supply chain and the final consumer. The BCT is proposed as a transparent traceability and communication system aimed at fighting counterfeiting in the various production sectors and the spread of so-called Italian sounding, together representing valid tools for the promotion of Made in Italy above all in the agri-food sector.



In line with the above-mentioned framework, the European Green Deal by European Commission and the “Farm to Fork” strategy for a fair, healthy, and environmentally-friendly food system aim to address in a systemic way the challenges related to the sustainability of food systems, recognizing the connections that link the health of individuals, companies, and environment. This strategy is developed around six macro-objectives, which concern the sustainability of food production phases, food security, promotion of sustainable food consumption, reduction of food losses and waste, and the fight against fraud in food supply chains.



One of the most sensitive products with features such as provenience and quality is wine. Indeed, the world of wine has always been associated with traditions related to territory and production methods, but also to sales and distribution systems. In recent years, there has been an increasing awareness on the side of wine producers. They, in order to face the increasing global international competition, have favored more and more the inclusion of production criteria aimed in particular at obtaining high quality products and the sustainability of processes, which are factors appreciated by end consumers [83]. In particular, in terms of marketing strategies, companies must adopt effective communication strategies to inform end-customers about the uniqueness of each bottle and its added value, in order to create an unconditional relationship of trust with the customer, both intermediate or final. In fact, there is an increasing tendency for consumers to seek information on the products they want to buy, and almost all of them are also prepared to incur higher costs, if this means achieving transparency in the production processes and guaranteed quality [84,85,86].



The blockchain solutions can ensure the traceability, transaction history, provenience, and quality standards of each bottle in a safe and immutable way. In addition, the importance of introducing BCT into the wine supply chain derives from the wine classification system on EU and national level. In fact, there are two main categories of wines: with designation of origin (PGI and PDO) and wines without this denomination (varietal wines). The difference is between wine products that maintain a close correlation with the cultivation territory and that have to follow a regulated winemaking procedures, and wines not linked to determinate areas and production processes.



In addition, adopting BCT can affect not only the traceability of the entire production process, but in particular can result in [87]:




	
Consumer’s feedback by means of the use of simple apps;



	
Customizing a reading system for customers and launching a strong commercial message;



	
Reliability of information that, not being centralized, is globally available, thus allowing to protect the image of each winery that can, therefore, protect its product from fakes on the market (fight against counterfeiting);



	
Automated mechanisms that allow to eliminate intermediaries, reduce waste, and increase production efficiency.










3. Materials and Methods


The paper includes the empirical analysis as a first step of the research methodology. It creates an overview of the state of the art of a specific topic by synthesis of different previous researches and based on their results [88]. In order to meet the research aim, numerous academic articles were identified, selected, and studied.



The core step of the methodology is the case study research. It is a popular method of qualitative analysis on the basis of real occasions. It makes the opportunity to study a complex phenomenon in natural surroundings and to elaborate theories from practical circumstances [89,90]. Case study methodology is appropriate to use in various instances, including when it is necessary to answer the questions “how”, “what”, and “why”; when it is not possible to manipulate with the research object; or when the contextual circumstances are needed to be covered because of their relevance [91]. This is the case when we cannot manipulate the research objects since each of them represent the stakeholders or group of stakeholders, and together, the whole industry. Therefore, in real time we cannot do the experiments and affect, in this way, on the economy. Besides, our research matter (wine supply chain) is very wide and contains a lot of actors and operations. In order to cover them, this paper generalizes and simplifies the wine supply chain. Therefore, this case study definitely answers the questions “how”, “what”, and “why”. Other characteristics were provided in the article, considering the works [90,91,92,93].



Therefore, this case study provided in the paper has a specific instrumental nature and differs from the normal case study research approach according to Ketokivi and Choi, Pagell and Wu, and Eisenhardt [94,95,96,97]. It gives insight into the issue related to traditional supply chains and particularly wine supply chain [90]. In this article, one case (wine supply chain) is described with two embedded units. It compares traditional and blockchain-based supply chains and facilitates understanding differences between them. So, there is shown the wine supply chain in two different conditions, the results are analyzed accordingly [90,91], and the statement is developed. To focus on the statement is important to not lose the scope and add more credibility to the results. As for the conceptual framework, there are identified actors involved in the case, describing the relationship between them, and more precise pictures were made than could be obtained from general empirical analysis [92]. Thus, the data source is the literature like academic articles, reports, and projects that make it credible [93].



Last but not least, for simplicity and simultaneously for better visualization of the results of case study, authors decided to build an Agent-Based Modeling and Simulation (ABMS) using the program GAMA. It translates the results into solutions in a way to be simpler for the reader to understand the complex phenomenon and find solutions for a wide range of challenges. The ABMs and the software GAMA are used as supportive tools for describing the case in a very clear manner and making the impression for readers that they participated in the research. This makes clear the phenomenon itself as well as the context it takes place in [98]; ABMs are computer simulations that are composed by different kinds of agents. These agents are situated in a specific environment and circumstances and are given the ability to make decisions and act autonomously [99]. Furthermore, they have certain predefined rules on how to interact with each other in particular situations. In this way, computer simulations capture the complex matters, generate new knowledge, and explain the dynamics of the real world [100,101]. It occurs when the agents interact with each other and these interactions are defined based on their cognitive nature [99,102]. In this research, agents are the stakeholders of the wine supply chain. They collect the grape; produce the wine and bottle; and pack, distribute, sell, buy, and even return them back. In order to carry out these activities, agents/stakeholders interact with each other according to predefined rules.



The computer programming made its contribution for making ABMs a significant tool in order to study complicated systems. Precisely, computer programming enriches ABMs with the ability to analyze the cases with a complex nature. There are lists of the modeling and simulation platforms. According to Taillandier et al. [103], each of them are useful and more suitable for different cases; based on the research interests and objectives, researchers use different platforms. The simulation software GAMA is an open-source modelling and simulation platform. GAMA was established in 2007 and has been developing continuously by improving its features for satisfying the various and growing needs of its users in order to deal with different data formats and to increase the effectiveness and usefulness of the Software. The interface has been improved in terms of having a better view of the data, navigation bar, editor, etc. as well. Developers of GAMA tried to combine the advantages of already existing platforms and eliminate their limitations. Thus, their objective is to make it possible to build models easily and quickly like NetLogo does, and to provide as rich simulations as Repast and CORMAS do. Consequently, the modeling language GAML (GAma Modeling Language) was developed. It is simple to use and, simultaneously, it is a powerful tool for comprehensive visualization [104]. The other added value is the capacity to model spatial phenomenon. GAMA supports to build large-scale models with extensive visualization that gives the possibility to analyze the simulation results [105]. This is among the main features for agent-based simulation platforms. So, one of the advantages of software GAMA is that it makes possible to easily build even a complex model and simultaneously to visualize the result. Consequently, it is attainable to check the simulation step-by-step instead of creating the entire model and seeing only the final result. Therefore, it is easier to quickly identify the impact of the changes on the simulation and to use a test-and-try method [103]. For the reason that this paper requires the possibility to export the simulation results in the different stages of the experiment, and since the aim of the simulation is academic research and the visualization of its results in the work, the remarkable feature of the platform GAMA is its possibility to accurately export the data in different formats. Moreover, the case described in this paper simulates two different supply chains as a whole and the output for the system effectiveness. It generalizes the entire industry in a single case. Nevertheless, it does not include the variety of interactions between agents; in addition, the environmental conditions are not included in the simulation. Therefore, for simplicity and simultaneously for better visualization of the results of the case study, the authors decided to use the software GAMA. Furthermore, GAMA offers the possibility for future work to analyze the real cases and more complex models.



With other words, the simulation is fed with the information gained form the discussed literature. Indeed, all three components of the methodology are interconnected and support each other. Analyzed literature investigates the structure and current challenges of agri-food supply chains as well as the characteristics and opportunities of BCT; the case study describes the wine supply chain, main actors, and their roles in the production and supply of the final product; finally, all the information are gathered in the modelling and simulation software GAMA, where the theoretical background is reflected in the practical examples of traditional and blockchain-based supply chains’ operational processes. Precisely, in the final step of the methodology, in the software GAMA, the results of literature analysis are visually clearly conveyed in a clear manner on the basis of the described wine supply chain case. Therefore, the aim of the utilization of software GAMA is to reflect the reality in the model and to highlight the difference between traditional and blockchain-based supply chains through visualization function.




4. Results and Discussion


4.1. Description of the Model and Simulation “Wine Roads”


Based on the literature review and on the study of ABMs and the program GAMA, the model and simulation of wine supply chain was designed. The simple wine supply chain was described. It demonstrates the sequence of the processes and information exchange along the supply chain with the example of one producer company for simplicity. The case can be generalized and applied to the whole industry since the architecture is similar for every producer.



The objects of the model “Wine Roads” are as follows:



Vineyards—On the initial picture of the model (Figure 3), plantations of grape-bearing vines are shown reflecting with the grape image. Every time the program lunches, the grapes are allocated randomly. So, the experiments are different every time from each other.



Grape is the fundamental material for the wine, and its quality determines the value of the final product. Therefore, the geographical and climate conditions as well as how they are treated are crucially important.



Farmers—Farmers/grape growers are responsible for the treatment of the grape, as well as for harvest and delivery. Besides, they should record all related information.



During coding the simulation, the farmer, who collects low-quality grape, is identified in the beginning and it is highlighted with the orange color, differently from other green ones (Figure 3). On the map, each farmer “owns” the territory where they are allocated. So, the grapes go to the nearest farm, and the algorithm computes and chooses the shortest paths. Because they are allocated randomly, every time the simulation runs, different amounts of low and high-quality grapes are collected by the farmers.



Processor—All the collected grapes go to the processor company. In order to keep the model as simple as possible, it is considered that the processor company produces the bulk wine and bottles it as well. So, it is responsible for receiving the grapes, production of bulk wine, storage, processing, analyzing, bottling, packing, and shipping of the final product. In the scenario of the simulation, for this company it is not clear in the beginning which grape has high or low quality. It produces the wine with “first in first out” principle. So, it consumes firstly the grape that was received first.



The processor company should record the information such as receiving the grape, their variety, and identity of suppliers (farmers/grape growers), as well as the details of transformation from grape to wine including making the juice, the results of chemical analysis, bottling, packaging, as well as internal business processes.



Distributor—Distributor is responsible for receiving the final products, to store, to manage, and to pack them. It may need re-packing as well if required. Similarly to other actors, the distributor records all the information.



Wholesaler—Wholesaler receives the bulk quantity of the final product from the distributor. It collects the goods, stores, and distributes to retail shops. It gets the financial risk as well and records the data related to the goods.



Retailer—Retailer buys goods from the wholesaler, gets the pallets and cartons, then sells to consumers by units. It has similar responsibilities to the distributor. In order to be maintained, the whole “road” of the final product and simplicity of tracking in the case of an unsatisfying good, it is crucially important to record all the information by all actors.



The idea is that in the case of blockchain-based supply chain, all the information from each actor should be recorded (or linked) on the distributed ledger. Differently to the traditional supply chain, when the supplier is identified, the containers of material and of the bulk wine should be codified; the final product should have the unique identity number (QR code); the pallets and cartons should be codified as well and should be linked to each other in a way that the information line is not interrupted for tracking back the product.



The simulation examines traditional and blockchain-based supply chains. The architecture is the same for each model:




	
Grapes are allocated randomly on the map (Figure 3).



	
Farmers collect the grape and provide the processor with it (Figure 5a).



	
The processor company produces the final product. The wine quality chart in Figure 4 demonstrates in details the information about the production process. With the red line, the availability of the grapes is shown. When the processor company starts to produce the wine, the quantity of available grapes decreases and increases the quantity of produced wines. With the orange line, the low-quality wine is expressed and with the green line the high-quality wine. The gray area shows the accumulative quantity of all produced wines.








The processor company does not know which grape has high or low quality. In Figure 5b, the low-quality wine is shown with the orange color circles, while the high quality with the green color circles. The processor company starts producing the wine with the first received grapes (in the model, one symbol of the grape represents the material for producing one bottle of wine). Then it dispatches to the distributor.



Distributor sells them to the wholesaler and the retailer buys from the wholesaler (Figure 5c).



In the event that the low-quality wine is founded by consumer, the retailer returns back the unsatisfying product. In order to avoid returning back all the wine supplied by this processor company, the provenience of the used grape should be investigated. So, the high-quality products will not be re-called from the market. Figure 4 shows the passes from retailer to producer through wholesaler and distributor, and then the processor company finds the farmer who was provided with the low-quality grape.



In the simulation, there are two scenarios of the supply chain—one is the traditional, and the second, blockchain-based. The pictures obtained from the software represent the visualization of stakeholders’ interaction and their activities along whole supply chain. Precisely, they describe the process of collecting the grape, selling to the producer company, producing the bottled wine, and supplying to the end consumers through distributor, wholesaler, and retailer (Figure 5), as well as the process of exposing the existence of low-quality wine by a consumer and detecting all the harmful bottles of wine through tracking them back till the supplier of the low-quality grape (Figure 6). Apparently, tracing and tracking back the product till its primary supplier takes time. The difference is the time units for each scenario. The proportion of the time to re-call the low-quality wine for each item in blockchain-based and traditional supply chains is about 1:300,000 calculated based on the work of Hackett R. [106].




4.2. Discussions about Outputs of the Model and Simulation “Wine Roads”


The results for both simulations are shown in Figure 7. The charts express the time units needed to identify and re-call the low-quality products from retail shop.



It is evident that the time for re-call is considerably low in the case of blockchain-based supply chains. Considering the literature [10,76], it should be caused because of the complexity of the traditional ways of tracing the products—simplicity that BCT offers for this issue. In the traditional scenario, traceability is limited since the data is isolated on the organizational level. What the blockchain does is that it gathers the information in the shared ledger. It provides the transparency of all processes and gives the opportunity to track and trace the product over multiple tiers [107]. As a result, in the case of re-call, BCT eliminates uncertainty; it is clear which particular product is damaged or counterfeited, consequently, and targeted actions can be performed in order to avoid large-scale destructive outcomes.



As for the recall case in the traditional supply chain, there is a necessity for human involvement in tracing the products [108]. Ellie Collier [109] published the procedures for product recall. It includes 10 steps: (1) Decide if the Food Needs to be Recalled; (2) Create a Food Recall Team; (3) Gather Information on the Food Safety Incident; (4) Notify the Relevant Authorities; (5) Set Apart Affected Products in your Control; (6) Notify Consumers; (7) Monitor Progress; (8) Control Recalled Products; (9) Dispose of Recalled Products; (10) Fix the Cause of the Recall. The most time-consuming step is the information gathering. It intends to gain different kinds of information, including (a) production records, (b) sales records, (c) employees, (d) suppliers, (e) complaints, (f) audit, and (g) sample analysis, from various internal and external sources. The information is scattered among different actors, there is no shared database. It is not impossible but it may take weeks or months to determine which particular products, in which phase of the supply chain, and where they have been contaminated [110].



If the contaminated or forged product come out on the market, the solution lies in timely detecting and preventing of spreading them. If hazardous products on the market are not detected and identified timely, it will result in raised health problems or even death for the people, higher healthcare costs for governments, increased costs (meaning higher quantity of lost, re-called goods, and the cost of re-call), and lost reputation for producers [5,6,10,76].




4.3. Overall Discussion


The findings show how effective blockchain diffusion can be in the wine supply chain in terms of information sharing and time and costs of tracking back the products.



The work portrayed the BCT and described its characteristics and different aspects for its implementation in agri-food supply chain. The comparison between traditional and non-traditional supply chain highlighted that, thanks to its transparent and immutable nature, BCT has the ability to minimize disorganization and inefficiencies along the supply chain that may cause disastrous results [5,6]. Indeed, BCT considerably diminishes the time necessary for identifying falsified or contaminated products and for removing from the trade all and only that product, also for tracing the producer and its suppliers.



Using a particular case study methodology by Yin [91], there is described a simplified model of wine supply chain in the article. It reviews all major activities that happen in real time in the industry. These activities are as follows: grape growing; wine production, its bottling and packaging; distribution; and wholesale and retail selling of the final products. Also, the model includes the act of returning back the hazardous product by the final consumer, and then identifying similar products and their origin tracking.



Through ABMs and GAMA, the whole process, from grape growing to returning back the hazardous item, is clearly visualized. Additionally, GAMA graphically displays the units of time required to perform these actions. Thank to this graph, the difference between traditional and blockchain-based supply chains is abundantly clear.



It is important to note that delays in the removal of hazardous products from sale may lead to their widespread consumption, deteriorating consumer health, economic pressures on the healthcare system as well as on the manufacturer, and damage to the manufacturer’s reputation [10,76].





5. Conclusions


The BCT has a huge potential to transform and modernize a lot of industries, especially the wine supply chain. In the agri-food sector, BCT makes the supply chain more transparent and empowers the delivery of high-quality foods with decreasing social and environmental impacts [111]. It encourages a transparent system that benefits various stakeholders, particularly the consumers, giving them the ability to know all the necessary information about the product. The benefit of this accurate information is ample for manufacturers, suppliers, and retailers as well. Blockchain is a useful tool to ensure a traceability system and to protect the production from any type of fraud and contamination. Therefore, the ability to trace and track the product from supplier to consumer makes significant difference for consumers’ health conditions and even between life and death, consequently, for the affected businesses’ success.



Additionally, BCT considerably simplifies sharing information between actors along the supply chain and digitizes the processes that give the possibility to trace and track the product in a significantly short time and with low costs.



Therefore, the transparent nature of BCT and its ability to track products along the whole supply chain gives the opportunity to identify all and only the contaminated products in time, and consequently to call back from the market not the whole production but the hazardous ones. This reduces food waste, transportation needs towards the market and back, and, therefore, the use of natural resources related to harmful environmental effects.



The adoption of blockchain technology also has repercussions in terms of social impact thanks to the creation of new business models, the reorganization of existing models, and the introduction of new systems and new skills. The BCT adoption presupposes, in fact, the involvement of various stakeholders operating along the supply chain who will operate according to a virtuous cycle, engaging in peer-to-peer transactions, reducing corruption and increasing accountability, and creating value for the firms and the local communities as a whole. Additionally, BCT adoption can promote ethical issues, like fair-trade and animal welfare thanks to an inclusive development ensuring the access of small owners in a better market and ensuring safe payments or financing possibilities (e.g., FairFood, AgriLedger).



The limitation of this study can be the fact that it looks into the hazardous products’ re-call process from the market from a time perspective. It will be interesting to investigate the financial aspects. Precisely, the further development of this paper and our future research objective is to compare the industry and healthcare costs of re-calling back the contaminated products in the different scenarios for traditional and blockchain-based supply chains.
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Figure 1. BCT in the COVID-19 pandemic economy (Source: Lin et al. [63]). 
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Figure 2. The IoT–blockchain-enabled intelligent system (Source: Khan et al. [80]). 
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Figure 3. The model “Wine Roads”: initial condition. 
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Figure 4. The wine quality chart. 
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Figure 5. The path from vineyard to retailer. (a) path from wineyards to grapegrowers, producer company and distributor; (b) path from producer company from distributor; (c) path from distributor to wholsaler and retailer. 
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Figure 6. Tracking back the low-quality wine. 
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Figure 7. Time to re-call: (a)—traditional supply chain; (b)—blockchain-based supply chain. 
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Table 1. Characteristics of public, consortium and private blockchains (Source: Buterin [60]; Zheng et al. [61]).






Table 1. Characteristics of public, consortium and private blockchains (Source: Buterin [60]; Zheng et al. [61]).













	
	To Read
	To Send

Transaction
	To Participate in Consensus Process
	The Mechanism
	Other Characteristics





	Public

“fully decentralized”
	anyone
	anyone
	anyone
	PoW (Proof of Work), PoS (Proof of Stake)
	Secured by crypto economics; the degree of influence is proportional to the quantity of economic resources



	Consortium

“partially decentralized”
	Anyone/pre-defined nodes
	pre-defined nodes
	pre-defined nodes
	The majority have to sign every block
	



	Private

“fully private”
	Anyone/restricted
	centralized
	centralized
	
	Likely applications include database management, auditing, etc. internal to a single company
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Table 2. Advantages and disadvantages of public, consortium, and private blockchains (Source: Buterin [60]; Zheng et al. [61]).
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	Advantages
	Disadvantages





	Public

“fully decentralized”
	Protects users from developers’ influence;

Trust of the system (blockchain)

Censorship resistance

Network effect;

Immutability nearly impossible to tamper
	Can reduce the block time till 15 s (Ethereum) instead of 2 h (Bitcoin), but still it is more than in the cases of private or consortium blockchains



	Consortium

“partially decentralized”
	Easy changes, revert transaction, modify balances;

The validators are known;

Cheap transactions;

Nodes can be trusted to be very well-connected;
	Immutability could be tampered



	Private

“fully private”
	Easy changes, revert transaction, modify balances;

The validators are known;

Cheap transactions;

Nodes can be trusted to be very well-connected;

Greater level of privacy if read permissions are restricted.
	Immutability could be tampered

In some cases, in order to efficiently work the BC, some heterogeneous assets from different industries need to be on the same database, which is difficult to happen in private BCs.
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