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Abstract

Food system (re)localisation involves moving food systems back to local areas and a result are the short food supply chains. Food
system (re)localisation is occurring to offset the perceived negative impacts of global food systems. Short food supply chains may
face challenges in terms of quality set at national and international levels. Short food supply chains will benefit from technologies
that can be developed to meet specific requirements which can be significantly different from those in conventional level food
supply chains. One such digital technology is blockchain. This paper aims to present a blockchain based quality management
architecture developed for short food supply chains. Requirements for the blockchain architecture are based on existing literature
on quality management in food supply chains, with an emphasis on the specifics of quality and re-localisation in short food supply
chains. Also considered in the architecture are the characteristic features of blockchain, with some emphasis on trust management
and smart contracts. The adoption considerations regarding the resulting architecture are highlighted. It is concluded that the
architecture has features relevant to the short food supply chain that differs from conventional food supply chains. Future work
regarding implementation and validation of the architecture developed is suggested.
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1. Introduction

In the 1980s, the era of global systems had emerged from technological advances to enable competitive advantage,
and create value driven supply chains [1]. Global production systems often utilise economies of scale, considering
international processing and retailing companies, resulting in the rise of industry standards [1,2]. Today, the
consumers' perception towards globalised food systems negative impact on sustainability drives the movement
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towards food system (re)localisation. (Re)localisation considers alternative food movements, which offer substitutes to
global food systems. However, many alternatives focus on small scale initiatives. The (re)localisation of food also
reflects on the shift from conventional food supply chains towards short food supply chains as explained by [3,4]. The
term ‘local’, or ‘short’, can be perceived differently amongst stakeholders. For example, [5] presents a case discussing
a restaurant using ingredients from local producers and processors, however, second-tier suppliers source at a global
level. The research by [5] discusses ‘local by proximity’, which limits the distance geographically or by political
boundaries, and ‘local by relationship’ which focuses on the relationships in the supply chain. According to [6], a food
supply chain takes food from a raw state, through a series of processes, actors, and activities to create value-added
products for consumers. Essentially, a short food supply chain (SFSC) is one with fewer actors compared to a
conventional one, in addition to reduced physical and social distance [7].

The main differences between the conventional food supply chain and SFSCs include the configuration of the
chain, the relationships in the network, and the interest of supply chain stakeholders [8]. Three types of SFSC are
identified in the literature [9]. Face-to-face, using direct sales between farmer and consumers. Proximate, through an
intermediary, for example, a farm store, and extended, through certification schemes, such as geographical indication
labelling. SFSCs aim to improve the three-bottom line of sustainability [3,10]. The three-bottom line focusing on
economics (e.g. enhanced efficiency, improved customer satisfaction), environment (e.g. clean production and
logistics) and social (e.g. ethics, human rights, employee well-being) [11]. In SFSCs, [12] discuss that upstream
stakeholders are primarily driven economically. Recent trends show that social and environmental factors are
increasingly sought for [13], thus driving the need for improved supply chain and quality management performance.

In principle, supply chain quality management is the coordination and integration of business processes, including
all organisations in the supply chain, to control, evaluate, analyse, and improve outputs to create value addition for
customers [14]. [15] noted the importance of communication throughout the entire food supply chain to manage food
quality. Food quality is based on product requirements (sensory, safety, conformity), social requirements (ethics,
production context), guarantee requirements (certificates, traceability), market requirements, and packaging/logistics
requirements [16]. Food quality management in SFSCs differs comparing to large, globalised food supply chains.
Examples of SFSC quality considerations include geographical indications, health, freshness, and authenticity [17,18].
There are indications in the literature that there is limited insight in respect to quality management within alternative
food systems and SFSCs [19]. Quality management systems in long supply chains are well structured and based on
global standards. Instead, quality in SFSCs is often socially constructed, representing the ‘Laisses-faire’ quality
management style [20]. As in all food systems, SFSCs should comply with government and organisational standards
where adopted, however may not always be accounted for.

Quality Management in SFSCs would benefit from advances in digital technology. Examples of digital
technologies in food supply chains are increasing and they include innovative informational platforms [21-26],
blockchain technologies [27-29], IoT and sensor embedded systems [39,74,77,80], artificial intelligence, and big data
technologies [27,31]. Digital technologies in alternative food systems are present [24]. However, [24] mentions that
current platforms often provide little information on quality, certifications, and production methods. Digital platforms
for SFSCs, are far from developed regarding quality management.

The need for quality in re-localised food systems [32] could be enabled by digital transformation [11]. Blockchain
is one of the enabling technologies. Existing literature shows the benefits of blockchain based quality, traceability,
and trust supporting frameworks [33—-35]. Within the food supply chain literature, existing work offers insight into
blockchain architectures e.g. for safety, sustainability, traceability [36—38]. These architectures are based on the needs
of specific supply chain structures and types [39]. In respect to food quality management, existing architectures offer
novel applications and benefits for food systems, however, missing is a blockchain architecture that encompasses the
requirements for SFSC quality management within re-localised systems. This paper aims to develop a blockchain
architecture for short food supply chain quality management based on the key requirements of SFSCs.

The remainder of this paper is in five sections. Section 2 contains a literature review on re-localisation and quality
management in SFSCs. Also contained in Section 2 is an overview of blockchain technologies in food supply chains.
Section 3 presents the research method used in this work. The requirements for blockchain based quality management
in short food supply chains are highlighted in Section 4 and the proposed blockchain architecture and its discussion is
contained in Section 5. Section 6 concludes the research and proposes areas for future work.
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2. Literature Review

2.1. Quality and Re-localisation in Short Food Supply Chain

(Re)localised food systems are increasingly sought for in respect to consumer perceived quality and sustainability
benefits reflecting on the notion of ‘quality turn’ [40,41]. The ‘quality turn’ refers to consumer demand for a better
understanding of the quality aspects of food and where it comes from [42]. [43] discusses three central questions
concerning food re-localisation. The questions relating to the assumption of positive impacts, the achievability rate of
(re)localisation, and how to realise re-localised systems while barriers are present. [44] identified four contextual
elements, namely history, proximity, scale, and reach. SFSCs can include various stakeholders, however, the emphasis
is on relationships, and reduced intermediaries [45—47].

Food supply chain quality management is the holistic set of tools and principles that drive continuous improvement
[48]. Key quality management practices for food supply chains are identified in [49] and include supplier management,
human resource management, quality of information and related systems, supply chain integration, customer focus,
internal quality, and top-management support. Internal and external quality considerations are important. Internal
quality reflecting on the manufacturing, operations, and management within an organisation [50]. While the external
focus on quality throughout the supply chains. Quality management as an input factor for food production,
manufacturing, and distribution companies, to enable the conformance of specifications, and to meet the key customer
defined quality attributes is discussed in [51]. Several relevant quality management systems exist, such as HACCP
(Hazard Analysis Critical Control Point), ISO (International Organisation for Standards), IFS (International Food
Systems), BRC (British Retail Consortium), ACS (Approved Contractor Scheme), and QS (Quality System). The
purpose of these systems is to ensure each process uses consistent controls, processes, and information input.

[52] highlighted five components to support quality management. These include quality control, quality
improvement, quality assurance, quality design, and quality policy and strategy. Quality standards may be different in
local markets compared to commercial markets [53], for example, in SFSCs, consumers are less likely to be turned
away by “ugly” or non-uniform produce. The requirements and costs involved in supporting quality management in
SFSC present challenges for actors, especially small scale farmers [11,32]. An alternative to traditional quality systems
is the participatory guarantee system [54] that certify producers through active stakeholder participation, and are built
on knowledge exchange and trust. Trust is important in both local and global food systems. [55] discuss trust through
a series of food purchasing practices from self-provisioning, through local markets, to supermarket chains. Two
important considerations for quality arise from [55] which reflects on ‘personalised trust’ (local markets and
producers) and ‘abstract guidance systems’ (quality labels and certifications). [56] also show trust in respect to quality
in local food systems, suggesting different levels that trust in quality is developed differently depending on the level
of interaction between producers and consumers. To establish trust, SFSCs need to have distinct information about
production steps, processing steps, and product specifications [13]. Loss of this trust may be critical to SFSC success.

The notion of locality is central to SFSCs and it has been reported that locality and quality are related in several
ways. [13] discusses local and SFSCs through retailer channels in the UK, also presenting supply chain and quality
assurance schemes. Price is also mentioned as an important consideration in consumer buying decisions. Challenges
include defining terms, such as what is local vs locality [32]. Also, further understanding of policy and governance is
needed to support these types of supply chains [57]. In alternative food supply chains, quality is discussed as a complex
term that encompasses many characteristics. For example, consumers may perceive quality as a safety aspect, while
producers use it to increase sales. Geographical indicators can also be an important quality indicator in SFSCs [58].
Geographical indication (GI) are place-based names that guarantee the origin of production. To assess SFSCs, [53]
opined that quality results from both formal rules and informal guidelines. Informal rules or opinion conventions are
based on the opinions of others. Ayala and Garner [59] research consumer behaviour at local farm markets. Perceived
quality of the markets is based on health and local food production. In addition, trust plays a key role, as not all
customers find the need for certification. Customers also find freshness, traceability, environmental, social aspects,
and product-related features (taste, colour, and consistency), as important quality factors for SFSCs [60].

2.2. Blockchain Based Food Supply Chain
Digital transformation refers to the enablement of supply chains through novel technologies to create value [61].
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Emerging from industry 4.0 are blockchain technologies [62], which have been researched in regards to the digital
transformation of supply chains [63,64]. In principle, blockchain ledgers hold information like other ledger systems,
for example, price, quantity, and quality. Blocks containing, timestamps, Merkle tree root and parent hash, nBits, and
nonce are built together to represent a series of transactions, forming the blockchain [65]. Well-known blockchain
characteristics include traceability, immutability, provenance, transparency, and the ability to create trust [28,66,67].
Blockchain provides positive impacts for food supply chains including improved and more fair prices, improved
quality of products, and enhanced reporting of sustainability features [68]. Rapidly evolving user demand, unifying
requirements, and system integration are discussed in the literature as some of the challenges for blockchain
technology [27,68,69]. Potential benefits include integration of supply chains, improved quality, safety, and better
control over sustainability. Other important factors are price, traceability, disintermediation, trust, and coordination.
Within blockchain, trust relates to the data stored and communicated between nodes. Product vulnerability in
production and distribution processes may lead to variations of data and the real-time state of the product. To reduce
these risks [35] and [70] introduce trust incentives and trust mechanisms in blockchain. Requirements identified for
blockchain-based food supply chains include traceability, smart-contracts, disintermediation, accessibility, and
privacy [67,71-74]. Associated digital technologies are also important. For example, [75] research the application of
IoT in blockchain based traceability for food safety. [71] further investigated the topic of integrating RFID
technologies. Other technologies linked to blockchain include big data, Al, and cloud based systems [76-78]. In
addition to associated technologies is the consideration of smart contracts. Smart contracts through blockchain based
systems have primarily focused on traceability issues in the supply chain. [79] present a smart contract to control the
quality through different steps within a production process, improving monitoring through inbound material to
delivery processes. Important to blockchain characteristics are ‘boundary conditions, including business, supply chain,
regulation, quality, traceability conditions, and architecture design [28,80,81]. Example blockchain based

architectures related to this study are shown in Table 1.
Table 1 Example Architectures Related to This Study

Focus Description and Architecture Source
Food A comprehensive literature study to propose a blockchain based traceability system in food supply chains. The  [36]
Traceability blockchain architecture includes four layers, The business layer, descriptive the supply chain. The IoT showing the

collection of specific data throughout each supply chain step. The blockchain layer is composed of data sets and

smart contracts. The application layer, describing the quality, price, taxes, and logistics applications of the system.
Social A blockchain based social-sustainability architecture is presented. The architecture is divided into users, key  [37]
Sustainability ~ applications, smart objects, communications channels, and the blockchain network. The multi-layer framework

shows the importance of understanding applications, users, and associated technologies.
Food safety of  Research on potential blockchain platforms for the grain supply chain. Users identified as key requirements for the  [38]

grains platform. The architects of the blockchain showed a data collection layer using IoT, and an application layer, a
cloud service layer and a blockchain network layer.
Blockchain A blockchain based quality supply chain architecture is presented. The framework, presents a business layer, [33]

Based Quality  contract layer, data layer, and loT Layer. Stakeholders are present in the business layer, the contract layer includes
Supply Chain  key applications, the blockchain/distributes ledger holds data, and the IoT layer is embedded with sensor systems.

End-to-end Research that presents a complete blockchain based traceability food supply chain platform. Members included
blockchain retailers, consumers processors, distributors, logistics companies, and producers, in addition, and an arbitrator is  [82]
solution used to monitor the entire network. The proposed blockchain based solution includes features such as traceability,

accountability, credibility, authenticity, automated payments, and a delivery mechanism. The architecture
presented is a blockchain layer, traceability layer, storage layer, and data layer.

Blockchain A research presenting a blockchain based traceability architecture. The architecture having a consensus layer, data  [83]
based food model layer, execution engine layer, and application layer. Advantages included improved precision due to the
traceability immutability and verification of data. A challenge being the slow speed of the system due to the system capacity.
Blockchain A paper presenting an agriculture-based traceability system to track the movement from the point of production  [84]
based throughout the entire process. The proposed architecture includes a blockchain layer, a smart contract layer, an
agriculture application layer, and an interface layer. The research further illustrates how the system can enhance and improve
traceability life cycle management within the entire supply chain.

Blockchain A three-layer architecture to support trust in blockchain based traceability platforms. The proposed architecture has

based trust a physical layer, data layer, blockchain layer, and application layer. Important in the system is that trust is rewarded ~ [35]

and penalised, therefore intensifying supply chain members to ensure trustworthy data input.

In respect to blockchain based quality management of food supply chains, limited research is available, and the
primary focus has been on traceability and food safety. Within the concept of blockchain based traceability, many
current papers adopt the traceability framework in [34] as a starting point. The consideration of ‘context awareness’
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is also identified and important in blockchain architecture [85]. The architectures in [35] and [86] are also relevant to
this paper. The existing offerings of blockchain platforms in food supply chains and their architectures are mainly
focused on conventional food chains, and not much tailored to the short chains in re-localised food systems. Specifics
of SFSCs to account for in contrast to conventional food systems include a) personalised and direct relationships, b)
quality management systems and their governance structures, c) stakeholder considerations and participatory
guarantee systems. The key differences require attention, as existing blockchain architectures may not consider, for
example, the importance of trust-reputation of the SFSC, and instead act as a tool to support conformance. The
proposed architecture in this paper has offerings to collect, store, handle, and analyse supply chain information based
on the requirements of these shorter supply chains.

3. Research Method

The main method adopted in this study is the traditional literature review covering: a) requirements for short food
supply chain quality management, and b) blockchain based architectures relevant to this study. A traditional literature
review is based on an objective and critical approach to literature assessment [87]. Key steps within the traditional
literature review include selecting existing literature, understanding the material, analysing the material, synthesise,
and evaluate developments [88]. These types of literature reviews should provide a comprehensive review of
information within a knowledge area. A key limitation to the approach is the difficulty in reproducing results, showing
a need for a more systematic approach. To overcome this issue, we adopt keywords and databases used to explore
existing work. The steps applied to the literature review. Step 1: Identify research aim and set keywords, including
short food supply chains (OR local food systems, alternative food systems, regional food systems), food quality (OR
quality management), blockchain architecture (OR blockchain requirements). IEEE Explore, Scopus, Science Direct,
and Emerald Insight were the databases used. Step 2 was the selection of articles was related to the scope of the
research, showing short food supply chain quality, or blockchain requirements and architectures for food supply chain
application. Step 3 included the analysis of documents, showing the stakeholder, quality, and blockchain requirements
(see Figure 2), and showing the key components of relevant blockchain architectures (see Table 1). Based on these
findings, a new blockchain architecture is proposed to meet the specific needs of short food supply chains.

4. Requirements

The physical supply chain is important to define when preparing an architecture as it illustrates the role of stakeholders,
their requirement’s, and the information collected from different parts of the supply chain. See Figure 1 for an
overview of a SFSC.
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Requirements from the perspective of upstream stakeholders include equality, desire to grow (economics), value
addition, brand development, new markets, organic production, close relationships, environmental sustainability,
diversification, and disintermediation [89,90]. Downstream stakeholders require trust, intention, fair-trade,
transparency, reduced asymmetric information, overcoming quality risks, value fairness, fair price, proof of origin,
traceability, relationships, health, location, accessibility, typicality, gratifying, convenience, authenticity, supporting
producers, and reduced food miles [42,91,92]. Requirements for SFSC quality are also shown in literature and include
fair/just/ethical, ecological sustainability, health, safety, locality/origin, authenticity, product quality (taste,
appearance), process quality, freshness, and artesian [17,18,95-103,24,53,57-60,93,94]. To support the identified
quality requirements, 22 technological requirements are developed. Figure 2 shows the requirements.
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The traceability system for food supply chains described in [34] is adapted and extended to model a blockchain
based quality management system for SFSCs, see Figure 3. The adaptations include a) quality governance and
standards, showing the formal and informal quality conventions, allowing for flexibility between different SFSCs, b)
realisation of internal and external quality management, reflecting on internal processes within a company and supply
chain processes. Trust/reputation are linked to each intermediary which is based on performance within the supply
chain and the ability to meet agreements, which can be facilitated by smart contracts in business level stakeholders.
The blockchain based quality management system show promise as a mechanism to guarantee quality standards and
fairness [66]. Traceability and provenance are also important, supporting locality, process/product quality, and fair
value distribution throughout the supply chain [13]. To enable quality and trust in the blockchain, IoT and
communication technology is required.
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5. Blockchain Based Architecture and Discussion.

A proposed multi-level architecture for blockchain based short food supply chain quality management is shown in
Figure 4. The bottom layer is the business layer which defines the stakeholders of short food supply chains including
producers, one potential intermediary, transport providers, and the end consumer. Other stakeholders are technical
and non-technical service providers, auditing and certification bodies, higher education and research, government and
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policy, and waste management. The business layer also includes standard-setting organisations in the supply chain.
The second is the IoT and communication layer. This layer uses smart devices, sensors, and other [oT technologies to
collect data along the supply chain. Information is then transferred through a communication channel. Important for
this layer, is system compatibility, to connect to other technologies. The blockchain layer is third from the bottom.
The blockchain layer offers immutable, tamperproof, asynchronous data. Important quality related data is stored at
the blockchain layer. The fourth layer is the services and application layer. This layer uses associated technologies to
improve data analysis, supply, and demand forecasting, monitor and rate stakeholder performance, and enable
automation through smart contracts, also supporting mechanisms to ensure trust and quality. Next is the trust layer.
This is an important layer for the management of trust in a short food supply chain quality management system. The
trust layer including a trust mechanism to provide insight into the reputation, knowledge, and expertise of stakeholders,
and provides incentives based on performance. At the top of the architecture is the application layer having the
responsibility for supporting quality management in short food supply chains. The layer is accessible for SFSC
stakeholders, however, role-based access control may be required here depending on the role of the stakeholders.
Based on the architecture design some requirements are developed. The architecture should support system integration
to collect, communicate, store, and analyse data between systems. furthermore, compatibility with existing company
manufacturing and supply chain technologies is important. The system should not allow the alteration or deletion of
data, through immutability, credibility, and a tamperproof system. To support authenticity, provenance, traceability,
and visibility, it is important that the system sends real-time, live, information and updates about the origin and process
steps of the product, supporting trust between supply chain stakeholders. For integrity, the system should support the
management of physical goods through the integration of sensor embedded systems. For the concept of ‘short food
supply chains,’ it is important that the system supports the reduction of intermediates where possible in the supply
chain. Also, to create more efficient processes the system users can have different permissions concerning the role of
stakeholders. A central consideration for the system is the monitoring, guidance, and guarantee of quality product
flow in the supply chain. The automation of processes through for example smart contracts can support the reduction
of bottlenecks through checking, approving and disproving transactions automatically. To ensure fairness the system
should be unbiased, reduce potentials of human error, be transparent, and ensure that data on the system always
remains available. To reduce the risk of disputes and further support trust, the system can ensure non-reputation. This
can be enabled through for example digital signatures. In addition, a main advantage of the blockchain is the ability
to securely store all previous transactions, to ensure immutable, tamper-proof data.

Several key differences are shown between the proposed architecture and existing architecture, cited in Table 1.
First, none of the identified architectures cited in Table 1 directly focus on quality management in the short food
supply chain. Instead, some include quality through traceability and sustainability in conventional systems. However,
like existing architectures, are the layers of the physical supply chain and the communication layer, which are often
responsible for data collection. The blockchain layer presented, is represented throughout existing architectures.
However key differences within the layer are present.

6. Conclusion

The research presented in this paper aimed to develop a blockchain based architecture that can support short food
supply chain quality management. First, a literature review to identify stakeholders, food quality, and blockchain
requirements for short food supply chain quality management was conducted. Second, relevant existing architectures
were reviewed to understand existing constructs and compare key differences for contribution. Although the existing
architectures provided benefits for food supply chains, and quality management, none were built to support the unique
requirements for short food supply chain quality management. The architecture proposed in this paper considers the
key requirements for short food supply chain quality management enabled by blockchain technology. The architecture
consists of supply chain stakeholders, IoT and communication networks, a blockchain layer, data analysis and service
capabilities, trust incentives and mechanisms, and applications related to quality management. Based on the literature,
it is concluded that blockchain offers considerable potential benefits to short food supply chain quality management
through enabling trust, traceability, provenance, authenticity, and visibility. In addition, technical adoption
considerations such as immutability, non-repudiation, system integration, smart contracts, and real-time information
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are required to create trust within the system. Identified in the literature are considerations that may act as a barrier to
blockchain adoption. These reflecting on the costs of the system, usability, and organisational barriers. Critical to the
blockchain architecture, is the consideration of trust and reputation, motivating, monitoring, and providing an
incentive to improve supply chain quality management within the short supply chains. The complexity of trust leads
to a need for further research, as the construct and development of trust are complex and vary between food systems.
Second, the blockchain layer provides a unique ability to store specific quality related data for the short food supply
chain, therefore supporting non-repudiation. Upper layers may improve the standardisation of practices through
applications to support stakeholders. Future work can focus on the implementation and validation of the proposed
architecture. A limitation of the research is the theoretical approach which can be supported by empirical investigation.
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