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Abstract. Credit Guarantee Schemes (CGSs) are crucial in mitigating SMEs’ financial
constraints. However, they are renownedly affected by critical shortcomings, such as a
lack of financial sustainability and operational efficiency. Distributed Ledger Technolo-
gies (DLTs) have shown significant revolutionary influence in several sectors, including
finance and banking, thanks to the full operational traceability they bring alongside
verifiable computation. Nevertheless, the potential synergy between DLTs and CGSs has
not been thoroughly investigated yet. This paper proposes a comprehensive framework
to utilise DLTs, particularly blockchain technologies, in CGS processes to improve
operational efficiency and effectiveness. To this end, we compare key architectural
characteristics considering access level, governance structure, and consensus method,
to examine their fit with CGS processes. We believe this study can guide policymakers
and stakeholders, thereby stimulating further innovation in this promising field.

Keywords: Distributed Ledger Technologies · Blockchain · Credit Guarantee Schemes
· SME Finance

1 Introduction

In the credit industry, a guarantee reduces the financial risk of loans by providing a lending
bank with additional assurances, increasing the likelihood of capital.3 It also signals the
borrower’s intention to repay, reducing monitoring costs. Credit Guarantee Schemes (CGSs)
act as a third-party provider of credit risk mitigation to lenders. By effectively reducing the risk
associated with lending, they incentivise financial institutions to extend credit to Small and
Medium-sized Enterprises (SMEs), thereby enhancing their financial stability and prospects
for growth. CGSs received increased attention during the COVID-19 pandemic as government
credit guarantee programmes improved banks’ balance sheets and facilitated credit extensions
to creditworthy businesses. The positive impact on post-crisis productivity was attributed to
expanded coverage and simplified procedures in these schemes [7,10].

However, the literature has highlighted the financial sustainability issues of CGSs, par-
ticularly the risk of high default rates, which can force them to pay significant rewards [2].
A common criticism concerns the lack of transparency between the parties involved in the
transaction (from customer to CGS and from bank to CGS), which leads to problems such as

3European Central Bank: “What is collateral?” (2016):www.ecb.europa.eu/ecb/educational/
explainers/tell-me/html/collateral.en.html
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moral hazard for borrowers or adverse lender selection. Furthermore, the correct assessment
of the customer’s creditworthiness and the procedure’s cost-effectiveness influence the credit
guarantees’ additional attributes. Therefore, CGS’s potential also depends on the sustainability
and efficiency of its operational processes.

Emerging Distributed Ledger Technologies (DLTs), such as blockchain, open up a chance
for processes involving third parties to be trustworthily executed [13], particularly in scenarios
where there is a lack of mutual trust and confidence between the parties. Specifically, by
leveraging blockchain’s main features, including operational traceability and transparency, it is
possible to minimise the risk of fraudulent activities, enhance customer trust, lower operational
costs through process automation support, and reduce downtime.

In this paper, we describe the main challenges and opportunities of blockchain technology
adoption for addressing the inherent weaknesses of traditional CGSs. We also suggest a
complete framework that includes all the important steps in the CGS operational process, from
the application to possibly enforcing safety measures. This framework will help identify key
areas that could benefit from integration with DLTs. Given the specificity of the procedures,
the actors involved, and data sensitivity in transactions, our paper raises questions about the
appropriate blockchain architecture that can improve transparency, security, and automation
throughout the entire CGS lifecycle. Our paper provides a roadmap for policymakers, financial
institutions, and stakeholders who seek to modernise and optimise CGS mechanisms. To the
best ofourknowledge, this is the first endeavour exploringa synergybetweenDLTandCGS.We
hope it can serve to stimulate further research and innovation in this nascent yet promising field.

In the following,Sect. 2, outlines the core ideas that form thebasis of ourproposal. InSect. 3,
we discuss why given blockchain configurations are suitable our setting. Section 4 describes
their possible application in the credit guarantee life cycle. Finally, Sect. 5 concludes the paper.

2 Background

2.1 Distributed Ledger Technologies

Distributed Ledger Technologies (DLTs) comprehend protocols designed to enable the
transactions’ storage, processing, and validation within a decentralised network of intercon-
nected peers. A distributed ledger is a registry replicated over a network of computing systems
(henceforth, nodes) that records the sequence of transactions containing the transfer of value or
data between sender and recipient accounts [11]. Its distributed architecture obviates the neces-
sity for centralised authorities or intermediaries in data management. Every transaction within
this framework features a timestamp and a unique cryptographic signature to prove that the
account’s owner issued it. Signatures are generated utilising a public/private key scheme, where
each user possesses an account associated with a distinct address to which these keys are linked.
This setting guarantees pseudonymity. We recall that pseudonymity differs from anonymity in
that a unique identifier (in this case, the account number) is associated with the same individual,
singled out across the registered data. The list of the shared transactions contained in the ledger
is accessible to all network participants (owing to its public nature) so that everyone can verify
that the digital signature belongs to the owner and trace all the transfers from or to an account.

Blockchain, a widely known class of DLT, entails aggregating of ledger segments into
blocks, which are then sequentially linked backwards to form an immutable chain. The integrity
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ofDLTs, includingblockchain, is fortified throughaconfluenceofcryptographicmethodologies
and the distributed validation of transactions. In blockchains, every block is linked to the
preceding one by keeping in the former a fingerprint number identifying the latter. This
fingerprint is yielded by a mathematical function called hashing. Hashing produces a number
(the hash). It is deterministic (given the same data, the same hash is returned) but one-way
(hashes cannot be reverse-engineered to retrieve the input). Altering a bit turns the associated
hash into a completely different number. Well-known blockchain platforms such as Bitcoin [22],
Ethereum [27], and Algorand [5] necessitate transaction fees to allow for the submission and
processing of transactions. Fees serve as an economic incentive to remunerate the computing
systems in the network which include and maintain the infrastructure up and running. To ensure
a single, reliable and generally acknowledged version of the transaction record, blockchains rely
on consensus algorithms. These algorithms guarantee that all participants agree on the content
of the ledger and that only trusted nodes can add new information. Proof of Work (PoW) [15]
and Proof of Stake (PoS) [24] are two renowned consensus mechanisms used to validate
transactions and add new blocks to a blockchain. Blockchain platforms such as Ethereum and
Algorand offer the capability to execute smart contracts, namely executable programs that are
deployed, stored, and run within the blockchain environment [8]. Smart contracts’ operations
are triggered by transactions, hence without the involvement of a trusted third party. Therefore,
the history of invocations can be verified, replayed and trusted throughout the whole network.
As with transactions, the execution of smart contract code is subject to costs that fall under
the name of gas in the Ethereum nomenclature. These costs depend on the complexity of the
invoked code and the amount of data exchanged and stored. To reduce the invocation costs
of smart contracts, external peer-to-peer systems are typically employed to save larger chunks
of data. Inter Planetary File System (IPFS)4 is one of the most commonly used distributed
systems to store data across multiple peers without the involvement of any central authority
or trusted organisation. The address of an IPFS file is based on the hash of the file itself, so
that the contents and its locator are immutably bound. The locator is thus typically saved by
smart contracts, which permanently store the link to that resource on-chain.

Blockchains are often classified according to transactability (public or private) and con-
sensus mechanism (permissionless or permissioned). If a blockchain is public, every node
is endowed with the capability to initiate and monitor transactions. This fosters a transparent
environment readily accessible to any users. In contrast, the blockchain is private if only
selected nodes are entitled to participate in transaction initiation and observation. If any node
in the network can participate in the consensus decision-making process, the blockchain
platform is permissionless. Instead, if only specific nodes can determine the next status of the
blockchain, it is permissioned. As a result, blockchain platforms are typically classified into
four different categories: public permissionless, public permissioned, private permissionless
and private permissioned. These characteristics discriminate the suitability of a blockchain
platform to a given application scenario.

2.2 Credit Guarantee Schemes

SME credit markets are known for experiencing financial constraints and imperfections such
as information asymmetries, insufficient or absence of recognised collateral, high transaction

4ipfs.tech
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costs for small-scale lending, and perceived high risk, all contributing to suboptimal credit
allocation. In this scenario, CGSs are crucial in offering lenders third-party credit risk mit-
igation to enhance SMEs’ credit availability, acting as a strategic component in the market for
credit distribution, and minimising distortions in credit markets. Moreover, CGS can operate
as a tool at the disposal of policymakers to help SMEs finance during an economic downturn
when risk aversion rises and a credit crunch is expected [28].

Numerous stakeholders partake and engage in the proceedings. Government agencies
or Ministries oversee public CGSs by providing policy guidance, funding, and regulatory
frameworks. From their standpoint, CGSs are an integral part of national development
strategies, promoting the growth of SMEs and financial inclusion [25]. Credit Guarantee
Institutions (CGIs) manage CGSs, evaluate credit risk, provide guarantees, and handle
claims. They work with lenders to reduce credit risk and promote financing for SMEs [18].
Credit institutions such as banks and microfinance institutions work with CGSs and CGIs
to provide lower-risk loans to SMEs. The ultimate beneficiaries of CGS-guaranteed credit
are SMEs (generally speaking, the borrowers), who use it to finance their operations and
promote investment, growth, and job creation. CGS enhances credit rating to facilitate business
expansion. Investors and shareholders, according to the type of funds provided (i.e., Mutual
Guarantee Institutions [14], Corporate Guarantee Schemes, Public Guarantee Schemes), expect
different types of returns when supporting the development of SMEs. External auditors
independently evaluate the financial status and adherence to CGI regulations by assessing their
efficiency in supporting the funding of SMEs. One of the multiple challenges associated with
evaluating a CGS concerns providing useful information for the decision-making of agents who
maintain an interest in the entity [17]. Not all stakeholders have a similar degree of information
at their disposal. On the one hand, internal stakeholders, such as managers, have unlimited
access to information. On the other hand, external stakeholders, such as resource contributors
and others, need to receive quality information. An important group of stakeholders includes
banks, as they mobilise the guaranteed resources towards the final beneficiary. They require
information that allows them to analyse the financial sustainability of the CGS and its ability
to meet its commitments and comply with Basel III requirements if applicable.5 In addition,
even more relevantly, throughout the life cycle of the guarantee, banks and CGIs need to
constantly share reliable and up-to-date information on the condition of the borrower they
are helping to finance. In this crowded stage, the presence of a mechanism that standardises
data and optimises information sharing may protect the interests of all stakeholders.

3 Selecting a Blockchain Configuration for CGS Support

This section discusses advantages and challenges that the adoption of blockchain platforms
can bring within the CGS scenario.

Information stored on a ledger is tamper-proof, persistent, and non-repudiable. The layer of
trust that blockchain infrastructures thereby provide is a key feature in potentially semi-trusted,
competitive or untrusted multi-party business scenarios [26]. Therefore, they are apt for the
case of a complex scenario such as that of CGS processes shown in Sect. 2. Furthermore, the

5European Central Bank: “Sound practices in Counterparty Credit Risk governance and
management” (2023). www.bankingsupervision.europa.eu/legalframework/publiccons/
pdf/ccr_report/ssm.ccrgovernancemanagement_202306.en.pdf
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need to encode the cooperative behaviour of the system supporting CGSs call for the use of
environments that support smart contracts. Existing mechanisms for the semi-automation of
collaborative processes based on smart-contract enabled platforms provide a fertile ground for
our specific use case [12,6]. As outlined in Sect. 2, finding a suitable platform category is a
fundamental strategic decision to design a system based on blockchain [29]. In the following,
we outline some key criteria guiding this choice in our context.

A public permissionless blockchain scheme like that of Ethereum and Algorand puts the
secrecy of confidential data at risk and cannot be used in this scenario except with the necessary
encryption of those reserved pieces of information. A common approach is to encrypt them
via symmetric keys individually provided for readers [23,16]. However, this solution entails
the additional overhead of managing keys at an individual level (which undermines scalability),
keeping track of the shared ones (at the risk of breaching confidentiality), or having multiple
duplicates of the same message with different encryptions (thus creating potential security
issues caused by inconsistent copies). A promising alternative in that scenario is to decouple
the attribution of keys from the individuals retaining them as proposed in the literature with
frameworks such as Control Access via Key Encryption (CAKE) [20] and Multi-Authority
Approach to Transaction Systems for Interoperating Applications MARTSIA [19]. These
solutions, grounded in Attribute-Based Encryption (ABE) [4], resort to IPFS to store sensitive
information and policies that determine data access based on the certified roles of the actors
(e.g., whether an account is linked to a customer or not, a bank or not, and so forth). Data are
thus encrypted and decrypted with keys that decouple the individuals from their access grants.

Public permissioned schemes (see, e.g., EOSIO6) have been developed to implement
more restrictive consensus mechanisms on public networks. Public permissioned schemes
suffer from the same issue as the public permissionless ones in terms of confidentiality
constraints as the visibility of the transaction contents remains public. In addition, it may
call for additional decision processes to decide who manages the ledger and leads consensus.
Alternatively, organisations may opt for the implementation of private blockchains.

Private permissioned networks such as Hyperledger Fabric [1] exert control over the
nodes with mechanisms including the verification of their actual identities, in line with the
Know Your Customer (KYC) principles [21]. Platforms of this sort often include mechanisms
for Role Based Access Control [3]. Another advantage of private blockchain networks is
that the transaction costs, if any, are not bound to conversion into fiat currencies, as in the
case of Ether, Algos, or Bitcoin, which is beneficial for limiting infrastructural costs. Only
a subset of nodes participate in the consensus, so the content of the ledger is under the control
of authoritative entities, too. These aspects are beneficial to preserve data confidentiality and
system security. However, they demand an initial contracting phase and potentially conflicting
subsequent management of who is in control of the ledger due to the permissioned nature of the
infrastructure. In a setting such as that of CGSs, wherein a multitude of actors with cooperative
scenarios and competing interests are involved, this situation might turn out to be undesirable.

Private permissionless blockchains, like LTO Network7 have recently gained momentum.
Similarly to the public permissionless setting, any node can take part in the consensus algo-
rithm. However, unlike a public blockchain, only selected nodes are allowed to issue and read
transactions. This hybrid nature is promising in our scenario as the distributed responsibility

6github.com/EOSIO/Documentation/blob/master/TechnicalWhitePaper.md
7ltonetwork.com
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over the publication of transactions entails that no complex management procedures are in
place to determine the entities in control of the ledger’s content. At the same time, only
nodes associated with certified actors enter the network. In our scenario, this implies that the
exchanged information is accessible to the sole actors involved in the CGI.

4 Integrating Blockchain into the CGS Workflow

In this section, we represent the key stages of the credit guarantee life cycle, which includes
three actors: (i) the borrower (the debtor of the loans or SMEs), (ii) the bank (the lender)
and (iii) the Credit Guarantee Institution (CGI, the guarantor) [9]. In particular, we examine
individual guarantee schemes, focusing on two specific aspects related to the timing of
guarantee requests in relation to banks, namely whether these are requested ex-ante or ex-post.
In these schemes, the CGI evaluates each loan application a lender submits to the bank either
before (ex-ante) or after (ex-post). In Figures 1 to 3, we use flowcharts to highlight the key
steps of the processes where the implementation of blockchain-based solutions can help
improve efficiency and ensure process transparency. In addition, bell-shaped icons highlight
the points where smart contracts may step in.

Figure 1 illustrates an example of an ex-ante application process. The smart contract and
typical blockchain features can be adopted to seamlessly align with the Know Your Customer
(KYC) [21] process required by the CGI, starting with the receipt of the application form.
Smart contracts can automate, verify, and exchange KYC data safely and transparently by
utilising certain configurations of blockchain-based distributed ledgers, allowing customers
to submit their information.

Once stored on the blockchain, data cannot be altered or deleted, ensuring protection against
fraud and unauthorised access. Furthermore, the network’s interoperability can enable financial
data sharingwith thebankafter theguarantee is accepted, enabling the loanapplication tobe sub-
mitted. The smart contract can automate the sharing of KYC data between financial institutions,
minimising the workload on both parties and maintaining compliance with cross-border require-
ments. Moreover, it can significantly speed up the KYC process, leading to quicker onboarding
of new clients and lowering administrative costs, enhancing CGI’s competitiveness. The con-
tract code can automatically verify the information borrowers submit to approve the KYC status
immediately without manual verification and indicate the absence of required additional data if
need be. The CGI can efficiently interact with the borrower using a notification system based on
theblockchainnetwork.Uponcompliancewith thepredefined rules and regulationsof the smart
contract (i.e., the successfuloutcomeof theprocedure), theautomatic loan request canbesubmit-
ted to thebank.Thisproposal focusesonapplyingblockchains to theCGIcollateral issuancepro-
cess. When considering bank valuation, interoperability must be deemed to allow all parties to
participate in the blockchain network and possibly incorporate the loan provisioning procedure.

In the ex-post application process (Fig. 2), the bank first evaluates the loan application and
the presence of sufficient collateral. The bank can expedite the inquiry process by sending the
request directly to the CGI if necessary, as the borrower has already been checked and deemed
eligible for the loan. In contrast with the ex-ante scenario, all subjects can be involved from the
beginning. In this context, the effectiveness of blockchains and smart contracts depends on their
ability to automate and optimise processes by exploiting the technology’s unique characteristics
and on the interoperability that would allow cooperation and data sharing between the different
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entities involved. Additionally, the immutability of DLTs improves openness and auditability
among participants by recording KYC data on the blockchain, making it readily available
to authorised parties. As with the ex-ante process, setting rules and regulations in the smart
contract on the blockchain network can speed up the onboarding process by allowing the CGI to
establish criteria in advance and verify them automatically. After the guarantee is approved and
the risk-sharing agreement between the CGI and the bank has been achieved, the last condition
to proceed with the loan disbursement is the guarantee fee payment verification. Once this
condition has been respected, issuing the guarantee certificate is possible. As mentioned above
in the flowcharts, in this stage, the platform’s interoperability is essential since all the actors are
involved in theprocess, andwith advancedapplications, it shouldbepossible to integrate a smart
loan contract. The smart contract previously deployed in Fig. 1 and Fig. 2 can also include this
part of the process by assuming that the CGI approves the guarantee. As previously mentioned,
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thanks to the smart contract preset rules and regulations, most of the process is completely
automated, even if negotiating the line of risk conditions between the bank and the CGI
requires human intervention. However, the exchange of documents and information between
the parties involved is quick and secure, and all the subjects know the progress at any time.

Finally, when the loan contract starts, the bank begins the loan monitoring phase, verifying
the regularity of payments and the ongoing creditworthiness of the SME and, if necessary,
communicating any changes to the CGIs. As depicted in Fig. 3, the smart contract can be
settled to enforce the guarantee if the trigger event occurs, such as when the borrower is unable
or unwilling to repay as agreed in the guarantee contract. The smart contract has to predict the
eligibility terms of the claim request by the bank according to the predetermined line of risk
(the preestablished risk hierarchy). Knowing the risk line in case of default is crucial because
if the bank can access the guarantee before other creditors, it may increase moral hazard,
reducing the motivation to take action against the borrower. The smart contract can contain
predefined conditions and encoded dispute resolution mechanisms. If legal enforcement is
necessary, the contract will automatically initiate predefined actions, resulting in efficient and
cost-effective resolutions compared to traditional guarantee enforcement. The potential of the
blockchain network perfectly matches the need to check the legacy of legal enforcement in this
stage more than in the previous onboarding stages. Notably, the fact that different stages of the
enforcement process are continuous, transparent, and immutable on the blockchain makes it
easier for everyone involved in the credit guarantee process to trust each other. This is because
everyone can check the terms and conditions of the agreement and see how it is being carried
out in real-time. Next, we conclude our paper with a summary and discussion of our findings.

5 Conclusion

This paper investigates the potential synergies between DLTs and CGSs by proposing a
comprehensive framework for applying a blockchain to the credit guarantee life cycle. The
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framework explores different stages of the process from the CGI’s point of view, starting from
the initial application to the potential enforcement, when the borrower is unable or unwilling
to repay the loan and the bank claims the guarantee. We are unaware of any papers exploring
the use of DLTs in the CGS process. We aim to initiate a new research direction by providing
detailed information on the procedures, stakeholders, and data security in transactions.
Additionally, we examine criteria to select a suitable DLT architecture that can enhance
transparency, security, and automation in all stages of CGSs. We hypothesise to build a private
permissionless blockchain that includes the actors involved in the CGS process. Considering
the characteristics of this kind of blockchain compared to the public ones, only nodes associated
with the certified actors can participate, ensuring the privacy of data in exchanging information.
Secondly, we highlight how certain blockchain-based distributed ledger settings match the need
to automate, verify, and share KYC data securely and transparently, proceeding without further
manual intervention. This application could enhance the KYC process when onboarding a
new borrower/guarantee application to the CGS blockchain network, making the process more
effective and efficient. Moreover, implementing a blockchain network implies ease of use
and communication between the borrower and the bank with the CGI. If the smart contract
code’s predefined rules and regulations are correctly observed, a slimmer process allows the
borrower to easily proceed with the loan request to the bank (also thinking about the possibility
of improving the interoperability of the network, including later a smart loan contract). This
addresses the double-screening problem that significantly impacts the operational procedures
of CGSs by allowing the CGI to establish essential criteria for the borrower’s eligibility for the
guarantee request.Ourproposal suggestsutilising theblockchainnetwork tonotify theguarantee
institution when the enforcement trigger event occurs. At this stage, the CGI must determine
if the bank’s claim request meets the criteria based on the level of risk and legal enforcement
history. The network’s transparency allows all participants to monitor compliance with terms
and conditions, accelerating the process and reducing moral hazard and irregularities.
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