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Abstract

:

Background: This research aims to identify how blockchain technology could support the ecological embeddedness of the coffee supply chain. Ecological embeddedness is a subset of the circular economy (CE) that demands legitimacy through design changes to product, production and/or packaging for benefits to economic actors and the environment. This is in contrast with legitimacy as a public relations exercise. Blockchain is a digital transformation technology that is not fully conceptualized with respect to supply chain implementation and the related strategy formulation, particularly in the context of sustainability. Furthermore, the integration of consumers into the CE remains not well understood or researched, with the main focus of CE being the cycling of resources. Methods: This research employs a qualitative case study methodology of the first coffee business in the USA to use blockchain technology as an exemplar. Gap analysis is then applied to identify how blockchain could be used to advance from the current state to a more sustainable one. Results: Findings indicate that the implementation of blockchain is not ecologically embedded in the example studied. Conclusions: The extension of blockchain technology to consider the by-products of production and valorizable waste throughout the supply chain as assets would support ecologically embedded CE for coffee.
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1. Introduction


Coffee is one of the world’s most valuable traded commodities, making it a driving factor in the global economy. There are many sustainability concerns related to coffee production, including coffee farmers unable to earn a living income, child labour, ecological degradation, resource use, pollution and waste. Consequently, the sustainability of coffee production is of concern to conscientious consumers [1,2], the coffee industry, governments [3] and sustainability researchers [4].



Blockchain is a “shared, cryptographically unaltered distributed ledger” for recording and maintaining digital transaction history [5]. Blockchain has been recognized as a digital technology capable of adding an aspect of sustainability to supply chains that is correlated with the circular economy (CE) [6]. The notion of Blockchain for Good (B4G) yields innovative applications that may support socially and environmentally beneficial outcomes in terms of the UN’s Sustainable Development Goals [7]. This has led some coffee producers and associated businesses to apply blockchain in their supply chains, and recent research encourages a wider adoption of this technology [8,9]. However, blockchain projects in the food sector are at a nascent stage, with a majority of applications limited to food traceability and safety [10,11]. With the consideration of B4G also come concerns about uses of blockchain that are not ecologically embedded or that lack legitimacy [12].



In this study, the perspective of ecological embeddedness is adopted to better understand the sustainability relationships in the coffee supply chain. Institutional theory is used to analyse the vertical relationships among smallholders, suppliers, the large buyer and consumers to identify where blockchain may intervene to improve CE and sustainability practices. Literature that considers multiple stages in the supply chain is relatively recent (e.g., [13,14,15,16,17]). Luo and Choi [18] advocate the use of real case studies for informing blockchain systems for practical business operations and sustainability whilst identifying critical success factors.



The theoretical lens of this study is the consumer experience, and the aim is to provide a nuanced understanding of the consumer aspects of legitimacy with respect to the ecological embeddedness of the case product [19]. Supply chain adoption of blockchain technology has as a first consideration the traceability awareness of consumers, which can be determined by investigating consumers’ level of concern about product quality and safety as well as their willingness to pay for a traceable product [20]. The theoretical lens of consumer experience is combined with a qualitative (theory-building) approach that guides the investigation [21]. Consequently, this research focusses on the identification of unrealized benefits of blockchain adoption as part of the investigation of ‘social’ relations within the context of embeddedness [22]. As stated by Morris and Kirwan [22] “…to be understood as ecologically embedded…a conscious or deliberate effort on the part of producers to communicate information about on-farm ecological relations must occur, either in person or through packaging or other promotional materials.” Where information is not accessible from the consumer perspective, ecological embeddedness is lacking.



The first comprehensive study of the ecological embeddedness of supply chains was at a national level and in a regional case study for the Austrian food system with two conventional bread chains [23]. Subsequent research has predominantly focused on alternative, local and green supply chains which continue to be of interest (e.g., [24,25,26,27]). Globalization is increasingly considered along with the restructuring of agricultural value chains to reconnect supply chains and ecosystems at territory level, identifying a gap for reaching operational effectiveness in the lack of integration between biophysical and socioeconomic approaches [28,29]. Empirical findings indicate that perceived fairness has a highly positive link with embeddedness and that both embeddedness and knowledge sharing is significant to green innovation in sustainable supply chains [30]. However, the importance of technology in enabling ecological embeddedness is rarely considered or analyzed [31] and how blockchain could specifically support the ecological embeddedness of supply chains has yet to be fully considered [32]. There is a general lack of published case studies and concrete examples of the use of blockchain technology [33]. This study addresses this gap by investigating the potential contributions of blockchain to the ecological embeddedness of global supply chains using a case exemplar. The unique contribution of this work is the identification of blockchain as a technological enabler of ecologically embedded coffee supply chains.



The aim of this research is to study the blockchain application in a coffee supply chain to investigate how well sustainability and CE issues are addressed by the addition of this technology. Gap analysis and case knowledge are then employed to make recommendations for improvement.



The remainder of this paper is structured as follows. The first section presents a brief review of the literature related to CE, ecological embeddedness, and blockchain. This is followed by the methodology, that highlights why the case was selected and the approach to data analysis. Next, the results of the study are presented followed by a discussion of the results and their implications.




2. Literature Review


2.1. CE Theory Applied to Coffee


CE is distinguished from the linear economy by its inclusion of biological and technical loops that aim to slow, close or narrow the cycling of resources [34]. Slowing is achieved through the design of longer-lasting products and extending product life through maintenance and repair. Narrowing loops are a form of resource efficiency that reduce the cost of production. Closing loops implement recycling between post-use and production for a circular flow of resources. By extension, CE may be similarly applied to the packaging of a product, although the complex assessment of packaging in relation to particular products is only beginning to be investigated [35].



Coffee is grown in over 70 countries with ideal conditions along the equatorial zone between latitudes 25 degrees north and 30 degrees south. This means that delivery to many countries requires long transports of the beans for further processing (narrowing CE loops) and ideally reusable and/or recyclable packaging (slowing/closing loops). Coffee production generates considerable amounts of solid waste (by-products) such as defective green coffee beans, coffee tree leaves and coffee cherry husks as well as wastewater [36], uses resources in terms of energy and water principally, and generates consumer waste as spent coffee grounds. Many applications of coffee waste have been proposed as part of a CE including substrate for agricultural production, conversion into fuel, use as biosorbent for removal of pollutants from wastewater, and the extraction of value-added compounds such as antioxidants and dietary fibres [36,37,38].




2.2. Blockchain Capabilities in Support of CE


Blockchain is a combination of technologies with components such as public/private key cryptography [39], cryptographic hash functions [40], database technologies (distributed databases), consensus algorithms [41], and decentralized processing. These relate to the technical choices of implementing a blockchain, including permission design, choice of consensus algorithm, use of smart contracts, and use of cryptocurrency. The proper management of information throughout the blockchain may benefit strategic decisions related to natural resources and raw materials in support of CE [42]. Innovation in blockchain architectures, applications and business concepts is ongoing.



However, the implementation of blockchain needs to be technically supported and the benefits clearly identified [5,43]. The main challenge for blockchain is trust: ensuring that counterfeit blocks or counterfeit data do not permeate transactions that may then corrupt the digital ecosystem [44].



Blockchain features such as transparency, traceability, smart contracts, decentralization, data immutability and data privacy together with consensus mechanisms make blockchain suitable for complex supply chains with the potential to improve sustainability and resilience [6,45,46]. The tracking and sharing of data related to the environmental and social aspects of sustainability may reduce the related issues around food safety, intermediaries and transaction costs while building trust between producers and consumers [7,47].




2.3. Ecological Embeddedness Theory and Blockchain


Ecological embeddedness is a subset of the circular economy that demands legitimacy through design changes to product, production and/or packaging [12]. Ecological embeddedness is more comprehensible for companies when compared to the discursive paradigms that are “sustainability” and “sustainable development” and related concepts such as “embedding sustainability” [48]: ecological embeddedness simply requires that both the economic actors and the environment benefit [22]. Benefits may take the form of cost savings, health benefits or customer loyalty benefits (related to trust) [12]. For example, reducing waste in the supply chain benefits the environment as less waste needs to be absorbed, and the economic actors also benefit from the decrease in costs associated with losses due to waste as long as these savings are shared throughout the supply chain. Sharing benefits among all supply chain actors has been linked to significant supernormal profit (when total revenue exceeds total cost) and suggests that manufacturers centrally positioned in triadic supply chains should deliberately shape relational embeddedness with suppliers and customers [49].



Ecological embeddedness enforces a holistic perspective on sustainability-related changes including the implementation of digital transformational technology such as blockchain through the necessary consideration of impacts on both economic actors and the environment. Blockchain has been examined as a dynamic capability that is perceived to improve both external (suppliers and customers) competencies and internal integration; however, the focus was only on the economic component with further studies recommended for environmental and social sustainable supply chain performance [50]. Ecological embeddedness relates to blockchain technology through economic, social and environmental considerations: Among the most basic questions to ask when investigating implementation is “Who benefits?”, alongside “What problems does blockchain solve?” and “What problems does blockchain create?” [51].



Such questions are more likely to be realistically addressed when real-world applications are investigated. Having built the theoretical structure for this study, there is evident value in investigating the hypothesis that ecologically embedded blockchain enables CE and sustainability in the coffee supply chain as described in the following section.




2.4. Blockchain Impacts on Business Performance


One specific focus of blockchain research has been supply chains as the “most promising non-finance application of blockchain” believed “to deliver real Return on Investment at an early state of blockchain development” [52]. Blockchain technology aids the authentication of products, facilitates disintermediation and improves operational efficiency [53]. Blockchain technology reduces risks, which could negatively affect company performance related to the clarity of supply sources, counterfeit and poor-quality products and fraud in contract fulfilment while providing the flexibility of capacity and sensitivity to demand change [54]. However, blockchain companies are not delivering the promised business value precipitated by a lack of understanding of how blockchain technology may benefit their respective business models [55,56].



The performance of a supply chain needs to be driven by management initiatives. The value placed on an initiative such as blockchain may originate with stakeholders and retailers to create added value for customers and improve company and supply chain performance [57,58,59,60]. Masudin et al. [61] demonstrated that implementing green supply chain management practices has positive and significant impacts on performance. Managerial initiatives have been found to support traceability system adoption, which significantly and positively affects food cold chain performance [62]. Consequently, the investigation of blockchain implementation for supporting ecologically embedded coffee supply chains in this research is justified.





3. Methodology


A qualitative case-study approach has been chosen to explore the relevant relations of ecological embeddedness and hence an in-depth approach is required [63,64]. Case-study research is a suitable research strategy for the food sector as it enables investigations of ecological embeddedness [23,30,65]. Ecological embeddedness remains under-investigated in sustainable supply chains [66], and the case study method fits the exploration of this complex phenomenon. A case study enables the capture of both situational and context-specific factors regarding the connectedness and embeddedness of relationships that may then be related to the role of blockchain as an exploratory investigation [67]. The research process flow is based on a case study approach [68] as shown in Figure 1.



A single-case design may be conducted if an extreme or unusual case is chosen and if rarely observed phenomena are investigated to better understand the underlying relationships [69]. The selected case research design aims to understand the meaning-making behind the legitimacy of technology application under institutional theory. The intrinsic case shapes the direction of the case study by offering thick descriptions (observation, description, interpretation and analysis of the situation) [70].



This research relies on relativist validation as opposed to logical empiricist validation. This means that a semiformal and communicative process is employed in which validation is a gradual process of building confidence in the usefulness of new knowledge. Such an approach is appropriate for open problems connected with heuristics and non-precise representations. Literature is used to build confidence in the validity of individual constructs, and confidence in consistency is in the demonstration of adequate input for each step of the research process flow, in the fact that the anticipated output from the step is likely to occur based on the input, and in the fact that the anticipated output is an adequate input to another step. Confidence is built in the appropriateness of the exemplar by relating the exemplar to similar cases. This is followed by accepting the outcome of the chosen exemplar with respect to the initial purpose, linking the achieved usefulness to the method and extending the usefulness beyond the exemplar. The aforementioned validation procedure (the ‘Validation Square’) has been proposed for engineering design to provide a relativist/holistic/social view [71].



3.1. Case Selection


The selection of a single-case exemplar was appropriate and in accordance with the theoretical sampling approach of the case-study methodology [72]. There are obvious limitations to generalizability with single case studies [67]; however, studying a leading company often leads to useful insights for the purpose of benchmarking and yields deeper observations necessary for underexplored phenomena [73,74]. To support triangulation, multiple investigators were involved to better process the rich contextual data and increase confidence in the research findings [74,75].



The Folgers Coffee Company is part of The J.M. Smucker Company, whose products lead the 10 billion USD at-home retail coffee category. Folgers 1850 coffee was selected as a single-case exemplar for the following reasons:




	
In the 52 weeks that ended 17 May 2020, Folgers was the leading ground coffee brand in the U.S. with over 25% of the market, an increase of about 3% since 2008 [76].



	
The Folgers Coffee Company aims to improve the lives of the farmers who grow their coffee and to purchase green coffee in a responsible manner. Folgers works with UTZ (part of the Rainforest Alliance) to make green-coffee purchases and introduce sustainable coffee practices (UTZ certified as The J.M. Smucker Company, Member ID ME01_7585), and with World Coffee Research (WCR) to protect natural resources ($250,000 to $500,000 category for annual support as J.M. Smucker Co./Folgers Coffee).



	
Folgers 1850 coffee is 100% Colombian. Folgers has partnered with Farmer Connect, a tech start-up building farm-to-fork consumer traceability solutions, to connect consumers of Folgers 1850 coffee with farmers in Colombia.









3.2. Research Setting


The Folgers Coffee Company currently exists in an environment in which other businesses are starting to introduce blockchain given greater concern about compensation for farmers. Examples include Trabocca, a green coffee importer employing Trace by Fairfood to show consumers how coffee from Ethiopia reaches Amsterdam, and Starbucks, which uses blockchain technology so that customers can trace the journey of their coffee beans using a QR code or number on the back of bags of coffee bought in US stores.




3.3. Unit of Analysis


The unit of analysis was a bag of Folgers 1850 coffee. Coffee cherries may be processed using one of three different methods, known as dry, wet, or semi-dry processing [36]. This research focuses on dry processing, as this is the production method of the selected product.



The main by-product of the dry method is the dried skin, pulp and parchment, representing about 12% of the berry on a dry-weight basis [36]. Rotta et al. [77] found that on average, 100 kg of harvested coffee cherries yields 2.6 kg of mass consumed by humans as exported coffee. These by-products, mainly located in the production countries, are often treated as waste that adds to the cost of production [78,79]; however, there exist alternative economic uses such as energy production, chemical compound extraction, and the production of industrial products [80].



Coffee silverskin, also known as chaff, may be the first coffee industry residue produced in consuming countries as it is released during roasting if polishing did not occur before shipping. Spent coffee grounds are the waste produced by brewing coffee. Consequently, the potential feedstock for CE spans agricultural production, industry and consumers starting from origin in Colombia.




3.4. Data Collection


Data collection consisted of four main steps:




	
The lead researcher ordered a bag of Folgers 1850 coffee from amazon.co.uk.



	
The blockchain was investigated using the QR code on the coffee bag.



	
The company (Folgers) was investigated using information available online (sustainability reports, website).



	
Colombian coffee production was investigated using online resources.








The reason for using these steps was to provide a holistic perspective on the production of Folgers 1850 coffee in the context of Colombian coffee production for subsequent thematic analysis [81,82]. The researchers were unsuccessful in attempts to interview supply chain actors including the J.M. Smucker Company, Orrville, OH, USA; Albertsons (retailer, USA); Food Lion (retailer, USA); Harris Teeter (retailer, USA); and Meijer (retailer, USA).




3.5. Data Analysis


As suggested by Kristoffersen et al. [83], the following steps were followed to analyse Folgers 1850 coffee:




	
Determine framework elements and strategies present–are they ecologically embedded?



	
Perform business analytics gap analysis.



	
Identify improvements to circular-oriented innovation that can be enabled with blockchain.








The gap analysis consisted of the following steps [84]:




	
Define the future state as informed by the literature review: The desired future state is ecological embeddedness with farm-to-fork traceability enabling product quality and safety (consumer health benefits), waste identification and location for the inclusion of by-products and waste in CE activities to reduce or recover value and decrease costs (to be shared throughout the supply chain as benefits), and a digital ledger for efficient economic transactions and adequate compensation upstream of the customer and a fair price for the customer (benefits throughout the supply chain).



	
Identify needs: The current state is identified for Folgers 1850 coffee using the physical product and grey literature through the lens of consumer experience. Needs are identified for supply chain actors.



	
Describe the Gap: The gap between the current and future states and contributing factors are described.



	
Bridging the Gap: Solutions are suggested to advance from the current to future state within the context of blockchain.










4. Results


4.1. Data Collection


(1) The Product



A 12 oz (340 g) bag of Folgers 1850 coffee was delivered to the United Kingdom as shown in Figure 2. The bag was printed with the “Juan Valdez and donkey” registered trademark of the Colombian Coffee Growers Federation (FNC). The coffee bag had three stick-on labels attached: a barcode with the description “New–1850 by Folgers Coffee 100% Colombian Light Roast Ground Coffee, 340 g”; a date “20 July 2021” and a QR code with “Learn More 88309001”, which was easily removed intact for better scanning of the QR code. The barcode sticker was covering a barcode originally printed on the package, and the date sticker covered a “best if used by” notification printed on the package with the same date as on the sticker and a 13-digit number. The QR code sticker had nothing printed underneath. No UTZ label was found on the package.



(2) The Blockchain



The scanned QR code led to a website (www.thankmyfarmer.com, accessed on 23 January 2022). The products on the website are “traceable” without having to purchase the product. The pop-up titled “Blockchain & farmer connect” read “Farmer Connect uses blockchain to empower the different actors in the ecosystem to share their data in a secure and verifiable manner. The data visualized on this map comes directly from the Farmer Connect platform, uploaded by the different actors.” The zoomable map titled “Your product’s journey” identified the supply chain starting with two collection centers (Sevilla, Colombia and Manizales, Colombia) as leading to a dry mill (La Variante Sitio La y Salida a Pereira, Pereira, Colombia) and then going to the exporting port in Cartagena. The importing port was identified as New Orleans, LA, USA. From the importing port, two warehouses were identified (Smucker Coffee Silo Operations, 5242 Coffee Drive, New Orleans, Louisiana (LA), USA and Smucker Coffee Almonaster Warehouse, 5050 Almonaster Avenue, New Orleans, Louisiana (LA), USA). From the warehouses, the next identified destination was the roasting facility (The Folgers Coffee Company, 5500 Chef Menteur Highway, New Orleans, Louisiana (LA), USA), and the last location identified was another warehouse (Smuckers Lacombe Distribution Center, 64490 Louisiana-434, Lacombe, LA, USA). Figure 3 is a visualization of the Folgers coffee supply chain.



The following processes of the supply chain can be improved using blockchain technology:




	(1)

	
The process of collecting, analysing and making forecasts from supply chain data.




	(2)

	
The process of ensuring the security and accuracy of data across the supply chain.




	(3)

	
The process of sharing data for improved collaboration across the supply chain.




	(4)

	
The process of facilitating and recording financial transactions for greater accuracy and efficiency.




	(5)

	
The process of tracing products.




	(6)

	
The processes of ensuring product safety and quality.




	(7)

	
The process of delivering products more quickly and efficiently.




	(8)

	
The process of enabling global supply chain compatibility.




	(9)

	
The process of managing and valorising waste (supported by IoT technology).




	(10)

	
The marketing process in relation to customer engagement with sustainability.









(3) The Company



Folgers 1850 coffee is a premium brand launched in 2018. The J.M. Smucker Company sources coffee from nearly two dozen countries at any given time. Employees of the J.M. Smucker Company are claimed to be located within major coffee producing regions for the purpose of supporting quality through relationships and transparency. The J.M. Smucker Company has two coffee manufacturing facilities: New Orleans and Suffolk (both USA).



Folgers uses the Farmer Connect website to offer the following:




	
The Thank My FarmerTM app for consumers to use to scan a QR code on packaging of a finished good to access the story behind it and donate to sustainability projects in the farmers’ communities.



	
A farmer connect platform for enterprise clients.



	
Farmer ID with a Self-Sovereign Identity (SSI) to allow producers to store and manage digital versions of identification documents, transaction receipts or (agricultural) certifications in one place.








Farmer Connect has been asked by consumers if, using their transparency function, brand owners would share the price paid to farmers in origin countries. Showing farm-gate prices on traced coffee is possible, but Farmer Connect indicates that the industry chooses how to use their tool.



(4) Colombian Coffee Production



The FNC is one of the world’s largest nongovernmental agricultural organizations. The mission of the FNC is to ensure the well-being of more than 500,000 coffee growers, with about 95% being small farmers with less than 3 hectares. The organization holds a number of certifications.



The collective savings of the coffee growers gives them access to public funds. One of the most important benefits of the public funds is the guaranteed purchase of the coffee harvest based on market prices and transparency indicators.



The FNC promotes the use of the Smart Coffee ID Card and Smart Coffee Card among the certified coffee growers for financial transactions for the following purposes:




	
To receive payment for the sale of their coffee at the Coffee Growers Cooperative.



	
To have access to bank operations and purchases at more than 260,000 points: agricultural provision warehouses, cooperative purchase points, ATMs of any network, bank correspondents, Aval Group offices, and commercial establishments, in addition to transactions online and under the ACH (automated clearing house) system.



	
To withdraw and send money and for deposits and savings in their bank account.








Colombia also has a Coffee Information System (SICA) containing the descriptions of 1,800,000 lots and socioeconomic data about producers featuring information that is updated by the FNC extension service with over 1500 technicians.




4.2. Data Analysis


(1) Framework Elements and Strategies



From the data collected, no circular strategies were evident related to Folgers 1850 coffee as outlined in the Circular Strategies Scanner [83]. The only apparent strategy was the overarching strategy of supporting farmers to make a financially viable living in which the contribution of the blockchain effort is to externalize this support to consumers.



(2) Gap Analysis



In the context of the ecological embeddedness of the product, production, packaging and the supply chain actors for Folgers 1850 coffee, the blockchain may yield a benefit to farmers arising from the final product packaging if the customer decides to donate money through the Thank My FarmerTM app. However, this is not a direct financial benefit to any specific farmer but rather a potential benefit through the support of projects such as Coffee Seedlings for Smallholder Farmers or Clean Drinking Water and Infrastructure for Schools.



Table 1 summarizes the current needs, desired future state, contributing factors to the gap between the desired future state and current needs and solutions for advancement within the context of blockchain.



(3) Identification of improvements to circular-oriented innovation that can be enabled with blockchain



Opportunities for innovation may be found in examples of best practices or by rethinking and reconfiguring strategic initiatives and the business model including operational processes [83].



Best practices in the case of blockchain may be found outside of the coffee industry: For instance, the pharmaceutical industry is being driven by legislation (the Falsified Medicines Directive in the European Union and the Drug Supply Chain Security Act in the USA) that stipulates that there must be tracking of pharmaceutical products. This (theoretical) best practice demonstrates that end-to-end supply chain actor involvement is viable and could be used to improve the blockchain application in the coffee sector. However, legislation may need to act as a driver.



Waste and blockchain are being considered in the context of CE mainly with regard to plastic waste and electronic waste (e.g., [85,86]). A proposed model for electronic waste considers both forward and reverse supply chains [86]. Blockchain has the added advantage that waste may be tracked across borders [87]. With regard to the collection of waste, a blockchain-based approach using smart contracts has been proposed [88].



Nevertheless, there are wider opportunities to optimise the circularity of the management of non-packaging waste and by-products from the coffee supply chain. The main materials to consider in this regard are coffee husks, pulp, immature or defective beans, coffee silverskin, spent coffee grounds [89] and parts of the plant, such as the flowers, leaves, stems and twigs [90]. Although most of them are currently unused, thermally recycled or used as animal feed, they can be used within the food sector for human consumption [90], which is the ideal solution from a CE point of view, since materials from the food sector remain in it. Furthermore, some of these materials can be used in a wider range of applications, such as to produce biofuel, remove heavy metals and dyes from aqueous solution and extract value-added compounds such as antioxidants and dietary fibres, which can be used in new foods [36].



If such coffee waste and by-products were valorised instead of simply being disposed of, new supply chains would be generated to account for the management of these feedstocks up to the point they are used. This would significantly complicate the overall coffee supply chain, adding new stakeholders and activities. Alves et al. [89] recommended more integrated strategies with the involvement of coffee producers, industries, academic institutions and governmental and nongovernmental organizations to further valorise coffee by-products. Blockchain can support this by making more data available to stakeholders while guaranteeing the data’s security and strengthening the accountability of the new products. Taylor et al. [91] argued that blockchain could incentivise sustainable waste management and offer clarity in the property rights related to products and wastes, while maintaining anonymity and privacy for institutions and individuals.



There is also evidence that blockchain can help reduce food waste [92,93], for example by informing stakeholders when abnormal conditions occur [94]. In general, blockchain can help by sharing data about growth conditions, expiry dates, product quality, cultivation methods and processing technology [95]. All this helps with managing inventory, forecasting and planning purchases to suppliers, so there is less need to overbuy, and consequently less food waste is generated. Furthermore, food recalls can be optimised, since it is much easier and faster to identify defective batches. Further opportunities can be realised by co-locating food and biorefining industries to share feedstocks and processing equipment. Sheppard et al. [96] modelled coffee bean roasting co-located with lignocellulosic biorefining of spent coffee grounds, concluding that financial and environmental gains can be achieved. Again, blockchain can support data sharing and therefore strengthen synergies between different industries or even sectors.



IoT can support blockchain by sensing and collecting data to send to the blockchain to create tamperproof records of shared transactions [97]. IoT enables the acquisition of data related to the actual environmental conditions (temperature, humidity, appearance, location, etc.) in which the food product is produced, processed and stored. Data are collected using various sensors (humidity and temperature), cameras (images) and global positioning system (location and movement), and these data may be communicated through technologies such as ZigBee, Bluetooth and WiFi. These technologies collect real-time product data affecting shelf life from farm to fork to minimise food waste [11], predict product shelf life [98] and identify the reasons for food waste [99].



Since the aforementioned considerations of blockchain fail to consider the valorisation of the by-products of production and biological-loop waste at end of life in support of ecologically embedded CE as identified by the gap analysis, best practices are not applicable, and a rethinking and reconfiguring of strategic initiatives and the business model including operational processes are required.





5. Discussion


The aim of this research was to identify how blockchain technology could support ecological embeddedness of the coffee supply chain. The results of the data collection and gap analysis show that blockchain could contribute to ecological relationships among the supply chain actors and the environment by facilitating the sharing of information for a safer supply chain (health benefits for consumers), valorising waste throughout the supply chain in support of CE by highlighting its location and quality with the aid of the IoT to create environmental and economic benefits (cost savings) and improving supply chain relations with greater transparency for the economic and environmental issues of the supply chain (customer loyalty benefits, benefits related to efficiency).



This research indicates via the product marketing of a single-case exemplar under institutional theory that coffee companies may be experiencing decoupling in that organizations superficially accommodate institutional pressures and adopt new technological solutions without necessarily implementing the related practices [100]. The original contribution of this work to the body of knowledge is that blockchain technology has the potential to support the ecological embeddedness of coffee supply chains. The application of the proposed methodology for determining ecological embeddedness yields results that are consistent with previous research yet also enables the identification of means of bridging gaps to achieving ecological embeddedness. Ecological embeddedness supports benefits to all supply chain actors and the natural environment as part of a legitimate approach to CE which is intrinsically important to helping business address modern challenges related to the Sustainable Development Goals, specifically in relation to corporate sustainability, Principle 9 of the UN Global Compact, which states “Encourage the development and diffusion of environmentally friendly technologies”.



This single-case exemplar of Folgers 1850 coffee reveals that for ecologically embedded CE as part of the supply chain, there needs to be a consideration of the relationships among supply chain actors and the environment (both natural and business). Relationships are supported both by financial considerations (economic sustainability) through the sharing of benefits among all supply chain actors [49] and for sustainable consumption behaviour through the creation of connections between consumers and producers [101]. Blockchain enabled these relationships, but the single-case exemplar demonstrates that blockchain has not been utilized to its fullest potential. The use of cryptocurrency was not identified as a necessary enabler of these relationships. These findings align with social sustainability and the minimization of risk in the supply chain through user-friendly applications, secure digital payment systems, support for suppliers and farmers and adapting to local conditions [32,102].



The relationships among the supply chain actors are not fully realized in the sense of blockchain farm-to-fork traceability for the Folgers 1850 supply chain. Individual farmers are not visible to consumers even though this would be technically feasible. Consumers may thus be less likely to engage with supporting them. Furthermore, any donations are not linked to a blockchain, so there is little accountability as to how much of the money reaches a specific destination. The supply chain that is visible to consumers does not account for the majority of food miles that the product may have travelled (the USA to the United Kingdom for the single-case exemplar), thereby limiting considerations related to sustainability. The delivering organization also lacks integration with the producer through the blockchain, and this integration could be important for the safety of the consumer and quality of the product with repercussions throughout the supply chain.



Furthermore, the Folgers 1850 supply chain inadequately considers the relationships that are possible within the existing business environment that could enable a more effective blockchain. The FNC has already implemented a number of digital solutions related to farmers that could be integrated into the supply chain. The FNC also supports farmers through fair coffee prices and with the implementation of sustainable agricultural practices. A relationship between Folgers and the FNC would appear to be beneficial, but it does not appear to have been realized. Similarly, although Folgers works with UTZ, which has MultiTrace, a platform supporting traceability of coffee among other products, there is no UTZ certification on the 1850 coffee.



The relationship of the supply chain single-case exemplar with the end user in terms of health and safety is lacking in terms of establishing consumer trust for the delivery of an unadulterated product. Literature has noted that supply chain participants, especially the end customers, need to be able to appreciate the advantages of blockchain technology [33]. There is no direct connection between the blockchain and product quality from the consumer perspective. Coffee has been found to be adulterated using legumes, cereal, nuts and other vegetables, which may be a source of dangerous allergens for some people. However, these forms of adulteration lack caffeine [103]. Although not formally recognized, there is emerging evidence for the impacts of caffeine use disorder (CUD) [104]. When arabica coffee is substituted with cheaper robusta coffee, the caffeine content may increase significantly, which may have implications for CUD. Colombia grows mostly arabica.



Finally, the supply chain analysed in this single-case exemplar was been conceived for environmental sustainability. Waste is present throughout the supply chain in the form of by-products and resources, although there are many potential applications of this waste in support of a CE, many of which could lead to additional revenue. A barrier in the valorisation of this waste is not knowing the quality, quantity and location. Blockchain has the potential to provide the necessary visibility by describing waste as an asset in an associated digital ledger when combined with IoT technology [99].




6. Theoretical Implications


The overarching theoretical contribution of this work is to extend the consideration of ecological embeddedness as defined for individual manufacturers [48] to the supply chain. In this context, the supply chain should be considered in terms of benefits for all of the actors and the environment.



The second contribution of this research is to methodologically extend the theoretical framework [83] to the application of blockchain by detailing the gap analysis. Investigations of ecological embeddedness for other digital technologies may employ the gap analysis steps demonstrated in this research by identifying current needs, the desired future state, contributing factors to the gap between the desired future state and solutions for advancement.



The third theoretical contribution of this work is extending the consideration of blockchain to by-products and waste throughout the supply chain that may be valorised in support of an ecologically embedded CE. Previous research on blockchains has focussed on waste in terms of products at the end of life. This research needs to be extended for greater transparency and therefore access to valuable by-products and waste along the entire supply chain.




7. Managerial Implications


The main managerial implication of this study’s findings is that a consumer experience perspective (the theoretical lens used in this research) should not lead to questions about the legitimacy of the implementation of digital technology. Consumer trust is a notable feature meant to be enabled by blockchain [105]. Contradictions that are evident from the investigation of online content regarding the actors in a supply chain may lead to reduced trust and erode perceptions of the brand. An easily removeable QR label which links to an essentially static website showing a supply chain with duplicated nodes not specific to the actual product purchased may not be conducive to increasing consumer trust. Trust is also unlikely to be built on a lack of transparency, whereas disclosure (e.g., prices paid to farmers) would enable equity throughout the supply chain.



A related implication is that for ecological embeddedness, the implementation of digital technology needs to demonstrate mutual benefits through the adaptation of outputs, goals and methods of operation. Establishing a relationship through communicating identification with institutions which have a strong base of legitimacy is a public relations exercise which is not ecologically embedded [12].




8. Limitations and Future Research


The main limitation of this research is the reliance on a single-case exemplar: not all of the findings are generalizable. In particular, not all supply chains will have valorisable waste in sufficient quantity and quality to justify efforts to implement supporting blockchain solutions. Similarly, the supply chain that was studied is not decentralized (third-party platform by Farmer Connect) and avoids most of the typical issues of data immutability and privacy (trust) along with consensus mechanisms. Such implementation may act as a barrier to ecological embeddedness and the extent to which this could be the case would be important future work.



Future research could also focus on the technical aspects of blockchain implementation for ecological embeddedness arising from the Folgers exemplar:




	(1)

	
How to resolve traceability issues when the supply chain branches and then reunites commodities (two collection centres leading to one dry mill, two warehouses leading to one roasting facility) both among supply chain actors and within the processes of individual supply chain actors.




	(2)

	
How to implement new business models supported by blockchain technology for the valorisation of by-products of production and biological-loop waste at the end of life.
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Figure 1. The process flow of this research. 
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Figure 2. The product delivered to the United Kingdom. 
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Figure 3. Visualization of the Folgers coffee supply chain. 






Figure 3. Visualization of the Folgers coffee supply chain.



[image: Logistics 06 00043 g003]







[image: Table] 





Table 1. Gap analysis of Folgers 1850 coffee.






Table 1. Gap analysis of Folgers 1850 coffee.





	

	
Supply Chain

Actor

	
Current Needs

	
Desired Future State (Ecological Embeddedness)

	
Contributing

Factors

	
Bridging the Gap






	
Columbia/New Orleans, USA

	
Farmer

	
Living income

	
Fair and efficient financial transactions

Waste minimization and valorisation

	
Lack of power

	
Inclusion in blockchain financial transactions

Blockchain for waste




	
Collection

	
Supply of coffee

	
Waste minimization and valorisation

	
Lack of advanced waste management

	
Blockchain for waste




	
Dry Mill




	
Exporting Port




	
Importing Port




	
J.M. Smucker Company

	
Warehouse

	
Supply of coffee

Good public relations

	
Quality and safety of product

Waste minimization and valorisation

	
Lack of incentive

	
Regulation and legislation for blockchain

Full product blockchain traceability and visibility

Blockchain for waste




	
Roasting Facility




	
Warehouse




	
Amazon

	
Delivery

	
Good public relations

	
Quality and safety of product

	
Lack of integrated technology (e.g., IoT)

	
Introduction of IoT information into blockchain and integration with upstream supply chain




	
United Kingdom

	
Customer

	
Safe supply of coffee

Conscientious consumption (enabled by a connection with the farmer & redirection of coffee grounds from landfill)

	
Fair price

Quality and safety of product

	
Lack of farm-to-fork transparency

Lack of awareness around spent coffee grounds use

Lack of access to spent coffee grounds recycling

	
Increased blockchain transparency

Education and participation in blockchain for waste
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