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Abstract:

Basic income policies attracted a lot of attention from policymakers and researchers during the pandemic.
Considering the evidence of these policies’ effectiveness, many believe that they are here to stay, keeping local
governments prepared for new emergency crises. In this paper, we investigate the use of blockchain to improve digital
payment platforms for basic income. We analyse the case of the Brazilian city of Marica, where a basic income
program created by the local government for the most vulnerable residents is paid in Mumbucas — a local currency
accepted only within the city. With more than 70,000 Mumbuca users in a city of 200,000 inhabitants, the initiative in
Marica has become one of the world’s largest regional basic income programmes. We adopt the design science
research (DSR) approach to analyse the case and propose improvements to the existing platform, considering this
implementation as two entangled sub-artefacts: the public policy and the digital local currency. We conclude the case
analysis by proposing alternatives for improving the artefact with a blockchain solution. This study contributes to the
discussion regarding basic income, local currencies, blockchain digital platforms, and the DSR approach for producing
impactful research in the ICT4D field.

Keywords: Digital Local Currency, Public Policies, Design Science Research, Blockchain, Cryptocurrency, Basic
Income.
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1 Introduction

Anchored in the successful conditional cash transfer policies that have demonstrated a positive impact on
fighting poverty since the 1990s (Bastagli et al., 2019), many similar initiatives emerged during the
pandemic. Some estimates suggest that the number of people who benefited from different types of
income transfer programs grew from 750 million before the pandemic to more than 1.5 billion with the
creation of new programs after 2020 (Lawhon & McCreary, 2023).

Besides their recent growth, the relevance of these programs goes beyond the pandemic period.
Arguably, basic income could become permanent, either because they can contribute to facing future
emergencies without needing to restart assistance schemes each time a new crisis emerges (De
Wispelaere & Morales, 2021) or as a way to provide basic livelihood conditions to people with irregular
work in a ‘gig economy’ (Ferguson, 2015; Tandon & Rathi, 2022). Fighting climate change is also on the
list of reasons to keep this type of social benefit permanently based on cash disbursing directly to families
in need (Asfaw et al., 2017; Havercroft, 2023).

Concerning the Information Systems (IS) aspects of basic income policies, two dimensions must be
considered. The first is related to the database that stores beneficiaries’ information to enforce eligibility
conditions, and the second is related to the payment platforms that disburse the benefit. Thus, the
effectiveness of such policies is highly dependent on the specific design attributes of these systems
(Cejudo et al., 2020).

In this paper, we discuss how to improve the payment system of a basic income programme in the city of
Maricd, Brazil. This programme was implemented using a local currency called Mumbuca, convertible in
Brazilian Reais at the rate of 1:1. The use of a local currency that is valid only within the limits of the city is
justified by the need to boost local development by maximising economic exchanges within a specific
urban area. According to Escobar et al. (2020), the use of local currencies “can make cities and territories
stronger, more resistant, and better able to absorb the effects of crises” (p. 11). In addition to Marica, the
cases of Gyeonggi in South Korea (Chung, 2020; Lee et al., 2020), Barcelona in Spain (Belmonte et al.,
2021), and several experiences in France, Belgium, Switzerland, and Canada (Blanc & Fare, 2022)
demonstrate that the use of basic income programmes with local currencies is attracting global attention.

Although local currencies have several benefits above mentioned, they are generally based on low tech
payment infrastructure (Diniz et al., 2021a) challenging the execution of basic income policies based on
digital local currencies. The absence of robust technological frameworks inhibits the efficient distribution,
management and transparency, tracing, and scaling of these currencies. This last aspect is considered by
Pinos (2020) as necessary so these projects can “move away from a purely protester and militant logic
[...] to move towards real societal change” (p. 10).

Thus, the basic income programme using local currency was adopted by the city government in Marica
with the objective of avoiding municipal resources given to beneficiaries to be spent in other neighbour
cites. The digital infrastructure needed to run this new payment system should be able to provide
accountability for the use of municipal public resources and to deal with thousands of users, which was
not a common scenario for most alternative currencies.

In face of these challenges, some initiatives have already implemented the blockchain technology to
create and manage community-led projects of local cryptocurrencies to spread social benefits, such as
Moeda Verde (Franca et al., 2020), Fureai Kippu (Diprose, 2020), and Sarafu (Barinaga, 2020). Although
these and other initiatives have been reported and studied in the literature, there lacks a systematic
approach for addressing how blockchain can effectively contribute to scalability, traceability, and
transparency of these currencies enabling an efficient delivery of social benefits to marginalised
populations and the overall sustainability of such policies (Labazova, 2019; Dierksmeier & Seele, 2018).
Hence, this research aims to contribute valuable insights into the transformative potential of blockchain
technologies in the realm of basic income policies based on local currencies.

We adopt the design science research (DSR) approach to evaluate the artefact that articulates the public
policy that created the local basic income programme with the digital local currencies (DLC) in delivering
the benefit implemented in Marica. DSR provides conceptual instruments to create design theories (Jones
& Gregor, 2007) to explain how artefacts can be designed to achieve goals (Hevner, vom Brocke &
Maedche, 2019). We follow De Leoz & Petter's (2018) suggestion to perform a DSR sociotechnical study
considering the artefact composed of sub-artefacts examined within a larger social context. In our case,
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we evaluate the sub-artefact public policy and the sub-artefact DLC articulated in this particular case of
basic income implementation. DSR projects can perform five roles, from understanding the problem to
designing and implementing the solution entities. In this paper, we are going to explore specifically the
role 0, which is focused on understanding the problem space, based on the description of previous
programs and technologies and on their implementation environment to inform the design of a new
artefact (Hevner et al., 2019). Although the focus does not go further into the technical design and real-
world implementation of the artefact, this approach offers a descriptive knowledge contribution (Hevner et
al., 2020), which supports and informs the creation of new artefacts.

To analyse the feasibility of implementing blockchain in the solution, we adopt Labazova’'s (2019)
approach to assess how blockchain could improve the existing system by addressing aspects such as
integrity, trust, availability, transaction costs, scalability, and confidentiality. Blockchain platforms can
contribute to a rapid and efficient distribution of financial resources, improve transaction transparency, and
enable the scalability of this type of platform (Labazova, 2019; Dierksmeier & Seele, 2018).

This paper addresses the following research question:

How can blockchain technologies improve existing basic income policies based on local
currencies?

As a result, we first contribute by assessing the basic income implementation based on local currency,
providing a comprehensive analysis of the investigated case study. Second, we use the DSR approach to
propose design transformations to the sociomaterial artefact, fostering the replicability of such an artefact
by producing knowledge that could encourage its application to other contexts (Brendel et al., 2021).
Third, we use the blockchain suitability framework (Labazova, 2019) to evaluate the adequacy of using
this technology to evolve the DLC platform to allow scalability and replicability of the initiative. Finally, we
proposed a new design for the payment platform incorporating the designed transformations based on
blockchain features.

2 Literature Review

2.1 Basic Income Beyond the Context of the COVID-19 Pandemic

After the COVID-19 pandemic, measures were specifically aimed at minimising the economic impacts for
the most affected population, especially the low-income segment, including the unemployed, small
merchants, informal workers, and people in vulnerable situations. Basic income schemes were among
these solutions, with governments providing financial resources directly to citizens. These basic income
alternatives have spread rapidly and globally, accelerated by city government initiatives to respond to the
COVID-19 crisis (Jacob & Boyd, 2020).

Local basic income initiatives are municipally administered benefits that have emerged globally in recent
years, accelerated by city government initiatives to respond to the COVID-19 crisis (Bidadanure et al.,
2019). The municipalisation of cash transfer programs emerged in the last decade (Thompson, 2022) and
has been used to support local government responses to citizens facing threats to income (Sloman, 2019)
and focus on supporting local economic recovery (Belmonte et al., 2021).

Local basic income programs to assist the most affected population are of particular interest for at least
three reasons. First, it immediately responds to the lack of resources to buy basic needs, providing
essential support to vulnerable people (Thompson, 2020). Second, it injects money into small businesses
close to vulnerable citizens, helping the recovery of local economies (Taylor, Thome & Filipski, 2016).
Third, it gives beneficiaries freedom to choose how to use the money transfers they receive so that the
benefit is expected to properly address beneficiaries’ needs (Bidadanure, 2019).

Although there are many issues under inquiry surrounding the subject of basic income programs, such as
levels of universality, conditionality, and regularity (Bidadanure, 2019), the number of initiatives related to
basic income has grown considerably after the COVID-19 pandemic. Gentilini et al. (2020) identified more
than 3,000 social protection initiatives in more than 200 countries between March 2020 and May 2021.

A primary economic motivation for these local initiatives is to inject money into small businesses and
ensure the funds circulate within the community, rather than being spent in neighbouring cities. This need
for “staying local” has fostered a particular and innovative aspect of design found in some of these
programs: the use of local currencies to disburse the benefits. The idea behind using a local currency is to
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deliver a benefit that can only be spent within a restricted geographic area. This approach is an attempt to
"stimulate the local economy" by "keeping money circulating inside the community" (Howitt, 2019, p.8),
thereby maximizing economic exchanges within that specific urban territory.

This trend of using direct cash benefits at a municipal level was dramatically accelerated by the COVID-19
pandemic, which triggered the largest scale-up of cash transfers in history, elevating social protection as a
fundamental component of crisis response worldwide (Gentilini, 2022). Cash transfers were the single
most-used social protection instrument, reaching an estimated 1.36 billion people globally (Gentilini,
2022). This response saw governments move centre stage in unprecedented ways, often simplifying
programme design by making transfers largely unconditional—a feature that aligns with the growing
advocacy for basic income programmes over the last decade (Gentilini, 2022; Thompson, 2022). This
surge in municipal-level initiatives, spurred by the crisis, represents a new generation of basic income
characterised by increased city government protagonism and reduced conditionalities demanded from
beneficiaries (Thompson, 2020; Lain, 2022).

However, this massive and rapid expansion also exposed significant challenges and "structural gaps" in
existing social protection delivery systems (Gentilini, 2022). Most governments had to introduce entirely
new programmes, as pre-existing systems were often insufficient to reach the large swathes of the
population made newly vulnerable by the crisis, such as informal workers (Gentilini, 2022). This reliance
on ad-hoc solutions highlighted critical bottlenecks in identification, registration, and payment mechanisms
(Gentilini, 2022). While digital payments were widely adopted, their implementation was often hindered by
a lack of interoperable systems and varying user capabilities, which in some cases amplified exclusion
(Gentilini, 2022). Consequently, investigating the technological and operational implications of these
programmes has become urgent, highlighting the need for research into more robust, scalable, and
inclusive frameworks that can address these documented shortcomings.

2.2 Social Benefits of Digital Local Currencies

Local currencies can be described as a monetary system that supplements official national or
transnational currencies (Lietaer, 2001). This alternative form of money can be conceived and issued by
citizens, Non-Government Organisations (NGOs), companies, and public administrations (Meyer &
Hudon, 2019; Gémez & Demmler, 2018;). Usually, these currencies are characterised by being born in
local communities, aiming to promote local development and achieve progress aligned with sustainable
goals. This type of currency is, in essence, used to trade goods and services, which sometimes are not
valued by the market-driven pricing system (Meyer & Hudon, 2019; Gomez & Helmsing, 2008).

Local currencies tend to be adopted in times of economic crisis when there is unemployment and
restricted access to the mainstream financial systems for the most vulnerable population, thereby
reducing their rate of adoption when the economic cycle improves (Place et al., 2018). Other findings have
shown that local currency initiatives have continued to expand over the past ten years (Blanc & Lakécai,
2020). Links between civil society organisations and local governments emphasised the potential of local
currencies to alleviate social problems. Kobayashi, Miyazaki and Yoshida (2017) found that local
currencies could help in promoting recycling, protection of the natural environment, civic activity, and other
social benefits.

Digital platforms have been implemented to change these community-led projects of local currencies
because of advancements in the field of digital payments (Diniz et al., 2019). We can highlight a few
instances of how using local currencies might help spread social benefits. Moeda Verde is a local
currency in Santa Cruz da Esperanca (state of S&do Paulo, Brazil) that gives low-income families income
and instructs children on using solid waste properly (Franga et al., 2020). A programme called Fureai
Kippu, which translates to “ticket for a caring relationship,” encourages people to assist senior community
members (Diprose, 2020).

After the COVID-19 crisis, projects employing fiat money and cryptocurrencies to aid economic recovery
have emerged. For instance, in the impoverished communities of Mukuru, Kenya, residents can access
essential products using Sarafu, a local blockchain-based currency, even when they have run out of their
official fiat currency reserves due to the COVID-19 pandemic (Barinaga, 2020).

In fact, cryptocurrency platforms are becoming important for discussing basic income implementation
programs (Howson, 2021). In particular, blockchain-based solutions enable a rapid and efficient
distribution of financial resources and transparency in the executed transactions. They also offer great
potential to scale up this type of platform (Labazova, 2019; Dierksmeier & Seele, 2018). Building on recent
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scholarship that highlights the evolution of local currencies towards the adoption of cryptocurrency
platforms (Barinaga & Ocampo, 2019), this study seeks to systematically analyse the technological
dimensions underpinning this transition.

2.3 Basic Income with Digital Local Currencies

A particular and innovative aspect of design found in some of the municipal basic income initiatives is the
use of local currencies to disburse the benefits (Howitt, 2019). Local currencies reduce the dependence
on external economic inputs, connect consumers and producers, and help exchanges to remain in the
issuing territory (Rivero Santos, 2017).

There are at least four significant groups of cases using basic income programs with municipal currencies
in different countries worldwide. The cases of Brazil (Gonzalez et al., 2020), Spain (Belmonte et al., 2021),
French-speaking regions in France, Belgium, Switzerland, and Canada (Blanc & Fare, 2022), and South
Korea (Chung, 2020; Lee et al., 2020), demonstrate the international interest in basic income with local
currencies.

The first case, and more significant for its scale, occurred in Brazil. Maricd, in the state of Rio de Janeiro,
was the first municipality to implement its own currency in 2013, and, with the onset of the pandemic after
2020, it was able to implement inclusive welfare programmes rapidly and effectively. The positive effects
achieved by Marica inspired seven other cities in the region to design similar programs, summing up to
nearly 200,000 users of local currencies issued as payment benefits to citizens by the end of 2021
(Instituto E-dinheiro Brasil, 2022).

In contrast to the Brazilian cases, a second relevant group of cases emerged in Spain, with municipalities
implementing their own currencies located in regions with different languages (e.g., Euskera/Basque and
Catalan) with little knowledge being shared across them (Radeljak, 2018; Belmonte et al., 2021).
Addressing different sustainability purposes (waste recycling, energy transition, nature conservation),
these initiatives are less dependable of government institutions compared to their Brazilian counterparts
but are evolving to be consolidated as relevant means of payment and exchange in the diverse and
vibrant landscape of the local currency scene in Spain (Hughes, 2015; Sanz, 2016).

The third group of cases mentioned in the literature is located in French-speaking territories. Blanc & Fare
(2022) investigated 18 monetary local currencies initiatives undertaken during the COVID-19 pandemic in
French-speaking regions, whether managed by non-profit organisations that already managed local
currencies or by municipalities. The authors show how initiatives based on local currency schemes
contribute more to territorial resilience than the more commonplace practices of distributing official
national currency. Given the relevance of the local currencies’ scenario in France (Blanc et al., 2022), the
cases in French-speaking countries of municipal basic income using local currencies are also an
important source of knowledge to consider.

The fourth and more recent case is based on Gyeonggi, in South Korea. This Korean experiment began in
2016 in Seongnam City, where 18,324 citizens aged 24 were provided a one-year benefit with no other
conditionality attached (Kim & Mah, 2023). As the programme expanded to the whole of Gyeonggi
province in 2019 and grew roughly ten times in the number of beneficiaries (Seong Yoo, 2020), one of the
presidential candidates in the 2021 national elections pledged to introduce a similar cash transfer
programme and categorical basic incomes for youth and rural residents in the whole country (Gentilini et
al., 2020). Given the size of the program in Korea and that this country is deeply involved in the basic
income debate, it is another experience to be closely observed. The debate is highly politicised, evidenced
by the existence of a Basic Income Party that advocates for Universal Basic Income as a core policy. The
discussion largely stems from the rise of precarious platform work and the failure of the traditional social
insurance system to cover these new forms of labour (Lee et al., 2020).

2.4 Principles of Blockchain and Potential Applications

Blockchain is a technology for digitally recording and storing transactions between parties in a
decentralized and distributed ledger (Murray, 2019). Instead of being stored in a single location, this
ledger is duplicated across multiple computers in a peer-to-peer (P2P) network (Nakamoto, 2008, Murray,
2019). Transactions are verified using cryptography and digital signatures before being grouped into
"blocks," which function like pages in a book. Each block contains a unique digital signature (a hash)
derived from its content (Nakamoto, 2008). This hash is then included in the next block, creating a
chronological and unalterable chain—what Satoshi Nakamoto (2008) termed the "chain of blocks." This
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entire ledger is shared throughout the network, and a consensus mechanism ensures that every copy is
identical. Consequently, any change to a single block would alter its hash, which would in turn alter every
subsequent block in the chain, causing the fraudulent version of the ledger to be rejected by the network's
participants. This structure ensures that only those with a verified and valid ledger can participate,
providing a high level of data integrity and security (Nakamoto, 2008; Murray, 2019; Raddatz et al., 2023).

A significant distinction among blockchain systems lies in their accessibility, which leads to two primary
types: permissionless and permissioned blockchains. Permissionless blockchains, often called public
blockchains, are characterized by open access, allowing anyone to join the network and participate as a
node, full node, or miner (Tomi¢, 2021; Sethi, 2023). Because participants can be anonymous and
untrusted, these networks rely on consensus mechanisms like Proof-of-Work (PoW) that are designed to
ensure security and integrity in a trustless environment (Patil & Mitragotri, 2023). This model is famously
used by public cryptocurrencies like Bitcoin and Ethereum (Hossain et al., 2024).

In contrast, permissioned blockchains are tailored for collaboration between specific businesses and
organizations, restricting network access to a predetermined group of known and authorized participants
(Hossain et al.,, 2024). In these private or consortium frameworks, a certain level of trust is already
established among the members (Tomi¢, 2021). This controlled environment allows for the use of more
efficient and scalable consensus protocols (e.g., Practical Byzantine Fault Tolerance) that can achieve
faster transaction rates and finality (Patil & Mitragotri, 2023). This structure makes permissioned
blockchains particularly suitable for enterprise applications in regulated industries like healthcare and
finance, where data privacy, governance, and regulatory compliance are critical (Hossain et al., 2024).

One of the fundamental aspects of blockchain technology is the consensus mechanism. Consensus
protocols are essential for the functioning of blockchain, enabling distributed networks to reach an
agreement on the validity and sequence of transactions (Patil & Mitragotri, 2023). These protocols
maintain the integrity and security of the shared ledger but, depending on the level of centralization, this
can lead to different categories of consensus protocols designed for either permissionless or
permissioned environments (Ahn et al., 2024).

There are a high variety of consensus mechanisms according to whether the blockchain is permissionless
or permissioned, such as Proof-of-Work (PoW), Proof-of-Stake (PoS), Proof-of-Authority and others. In
permissionless blockchains, given the absence of inherent trust among participants, the consensus
protocols prioritize security and resilience against malicious behaviour from unknown actors. On the other
hand, in permissioned blockchains, a certain level of trust is established among the participants, enabling
the design of consensus protocols that focus on efficiency, throughput, and regulatory compliance
(Hossain et al., 2024). Table 1 provides a comparison of the main consensus mechanisms, especially
regarding scalability, throughput, and level of centralization.

Table 1. Comparison of Consensus Mechanisms (Ahn et al., 2024; Hossain et al., 2024; Patil & Mitragotri, 2023;
Tomi¢, 2021; Sethi, 2023)

Consensus Trust - L .
Mechanism | Assumptions Throughput Scalability Centralisation Applicable To
Limited due to
Proof-of-Work computational . . Permissionless
(PoW) Trustless Low requirements and network Highly Decentralised Blockchains
size.
. Aims for
Proof-of-Stake | Trustless (but Potentially better than decentralisation, but Permissionless
. Moderate PoW, but can vary based Lo .
(PoS) relies on stake) ; . stake distribution can Blockchains
on implementation. . :
influence it.
Improved scalability More centralised than
Delegated PoS|Trust in elected High compared to PoW and PoW or PoS, as a Permissionless
(DP0S) delegates 9 PoS due to a smaller small number of Blockchains
number of validators. |delegates are elected.
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. Limited scalability due to | Leader-based in each
Practical
X the need for all nodes to |round, but role rotates.
Byzantine . . . -
Known communicate with each Suitable for small Permissioned
Fault . Moderate . .
Tolerance participants other; performange systems (small Blockchains
degrades exponentially number of
(pBFT) 2% " .
with increasing nodes participants)
Delegated -
Byzantine Nodes choosg Better scalablllty_tha_n Delegates are elected, o
who to trust (via . pBFT as communication 3 Permissioned
Fault - High LT leading to a degree of -
voting for is primarily among o Blockchains
Tolerance delegates) delegates centralisation.
(dBFT) 9 9
Trust is federated;
Federated Designed for high nodes choose their
Byzantine Nodes scalability with potentially | trusted peers, leading .
. . . Permissioned
Fault establish trust High thousands of nodes, as | to varying degrees of -
. Lo e oo Blockchains
Tolerance in quorums communication is within centralisation
(FBA) trusted quorums depending on quorum
structure.
Stable scalability with Centralised as a small Permissioned
Proof-of-  |Reliance on the block validation times Blockchains (can also
X . Low to 7 . group of pre-approved :
Authority  [trustworthiness remaining consistent . be used in
. Moderate . validators controls Ay
(PoA) of authorities even with a large number . permissionless but
block creation. e
of nodes centralistic)
Limited scalability due to
Paxos Cci);n 'rpelfr;[:?stchlfJSt Moderate commﬁn?c?:t?o:lozo o} Leader-based, but Permissioned
; ; 90 leader can change. Blockchains
good intentions through a leader, creating
a bottleneck
Limited scalability due to
Cc_)mplete trust the rjeeq for Leader-based (only Permissioned
Raft in terms of Moderate communication to go . .
; ) . one leader at a time). Blockchains
good intentions through a leader, creating
a bottleneck
Good potential for Can range from
N Restricted, . scalability with a somewhat centralised .
Permissioned : High oo Permissioned
authorised ) controlled set of stakers | to more distributed .
PoS (potential) . Blockchains
stakers and lower latency than based on staking
PoWw. rules.

Blockchain technology is alleged to present several benefits, such as transparency (no personal
information is stored, but transactions are visible to everyone), traceability (trace the circulation paths of
coins, for example), immutability (permanent, unalterable transactions), potential reduction of transaction
costs (since no intermediary or third party is necessary), and security (the use of various cryptography
mechanisms and consensus protocols preserves the transaction’s integrity) (Murray, 2019). These
characteristics can secure a less corruptible transaction repository and protect users against cyber-attacks
and leakage of personal data (Raddatz et al., 2023). Beyond creating cryptocurrencies (such as Bitcoin),
blockchain has other applications, such as data storage (Emericoin, Factom), health-records storage
(BitHealth), smart contracts (Ethereum), e-commerce (Mobazha), and many others (Pilkington, 2016).

Digital local currencies (DLC) can also benefit from blockchain technology to empower communities by
enabling responsible consumption to generate sustainable local socioeconomic development (Barinaga,
2020; Diprose, 2020; Franca et al., 2020). Studies analysing the benefits of blockchain for local currencies
focus on three main features: scalability, traceability, and transparency. It is worth noticing that, even with
these benefits, Pinos (2020) highlights that for the Euskocart currency, the transition to blockchain has
added no considerable value since it does not solve the problems of trust and the establishment of
democratic rules.

Amplifying the scale to a greater number of people is highlighted by Pinos (2020) as necessary to “move
away from a purely protester and militant logic [...] to move towards real societal change” (p. 10). In the
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case of Sarafu (Kenya), the transition to blockchain enabled the tracing of circulation paths and speed,
facilitating the work of field officers who can direct themselves to where there are identified blockages
(lack of use or acceptance). It also provided more transparency by providing the possibility to
“continuously oversee the stream of data” (Barinaga, Ruddick & Campos, 2019, p. 10).

2.5 Design Science Research

Design Science Research provides conceptual instruments to create design theories (Jones & Gregor,
2007) to explain how artefacts can be designed to achieve an expected set of goals (Hevner, vom Brocke
& Maedche, 2019). As the concept of “artefact” is central in any DSR approach, two main particularities of
the artefact considered in this study must be highlighted. First, besides its technological aspects, an
artefact designed for delivering basic income must consider its social implications, and, thus, its social
aspects should be considered along with the DSR steps (De Leoz & Petter, 2018). Second, this is the
case of a co-designed artefact (Jacobs, Rivett & Chemisto, 2019), since it is developed through the
articulation between a local government (municipal public policy) and a civil society organisation.

In their consideration of the social factors that influence the artefact’'s IT design, De Leoz & Petter
(2018:156) suggest that the IS artefact to be created and evaluated in a DSR study should include sub-
artefacts to be examined within a larger social context. “Each sub-artefact in the IS artefact holds
properties, attributes and meanings within the IS design and is presupposed to mesh well with the other
sub-artefacts and the IS artefact as a whole”.

This type of co-designed artefact improves the municipal capacity to deliver services using ICT in the
sectors of “governance, engagement, human resource management, institutional memory, and access to
information” (Jacobs, Rivett & Chemisto, 2019). The dual view of the artefact embedding public
administration and civil society in a single project also contributes to balancing the interaction and
knowledge exchange between technocratic aspects of public governance with democratic elements of the
civil society organisation (Androutsopoulou, Karacapilidis, Loukis & Charalabidis, 2018) for the
development of effective and socially acceptable public policies. Gilley (2017) points out that this co-
design approach contributes to overcoming the ‘technocracy’ limited understanding of “diverse needs,
values and concerns of different stakeholder groups on particular social problems the experts analyse”.

3 Research Approach, Case, and Methods

We start by discussing how digital local currency (DLC) platforms can be used to implement basic income
policies based on the identification and proposition of design transformations to this sociomaterial artefact.
We analyse the case of the DLC Mumbuca implemented in the city of Marica and used to deliver the basic
income programme in the municipality.

As mentioned in section 2.5, this paper employed Design Science Research (DSR) as a methodology to
address the research problem. DSR is a well-established approach that focuses on creating and
evaluating innovative artefacts to solve real-world problems (Hevner et al., 2004). In this paper, we
analysed the artefact as a result of the articulation of a public policy with a DLC, following the De Leoz and
Petter (2018) DSR approach, comprising two main sub-artefacts: the public policy and the digital local
currency. This perspective is also in line with Goldkuhl’'s (2016) proposition of a “policy-ingrained IT
artefact” to study implementations of government policies considering civil society participation. For
Goldkhul (2016), studies using DSR for investigating public policies should include explicit work practice
analysis to ensure artefacts fit into institutions and business processes co-design to be able to create a
policy-ingrained artefact.

As highlighted in the introduction, DSR projects can have six roles (Hevner et al., 2019): role 0 —
understanding the problem space; role 1 — designing the technical artefact; role 2 — designing an artefact
for deployment and use; role 3 — design of a sociotechnical system; role 4 — development of design
theories; role 5 — using the artefact as a creativity tool in the solution process. The authors affirm that a
DSR project may include one or more of these roles. This paper contributes mainly to role 0, by analysing
the current state of the Mumbuca case in terms of the underlying artefacts and understanding its
implementation in context. The knowledge produced by role 0 design science research, as emphasised by
Hevner et al. (2019), can offer a thorough comprehension of the relevant problem context and the
applicable descriptive theories that may inform the design of artefacts within that context. This role has
been applied by several articles for understanding the problem space (with interviews, case study, and
literature review) and proposing transformations for developing a new artefact. For example, Diniz et al.
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(2021b) used a DSR approach based on literature review and interviews to understand the problem space
regarding the Greenhouse Gas (GHG) emission declarations in the Brazilian GHG Protocol program and
proposed a blockchain-based platform to assist in this process. L&htevanoja et al. (2021) assessed the
problem space in a specific case study (airline company) using interviews to understand the current
problems in the training platform for flight personnel and proposed improvements in a more advanced
Virtual Reality-based Learning Environments (VRLE).

Aligned with the scope of this investigation and the characteristics of the phenomenon analysed, we
applied an iterative research methodology process illustrated in Figure 1. Before beginning the research
process, the authors relied on their experience performing research in the city of Marica. As emphasised
by Drechsler & Hevner (2018), DSR projects draw from different knowledge bases to produce “a plethora
of temporary, tentative, and highly project-specific design knowledge” (p. 83), which provides inputs to the
understanding of the problem space in which the studied phenomenon resides.

Hence, this research used a longitudinal iterative research process (Dreschler & Hevner, 2018) to
recognise the local currency environment (organisations, people, and technology), interact with the
community, and collect relevant data about the problem space and the existing solution in Marica
(previous digital innovation, as labelled by Hevner et al, (2019)). This provides a deep understanding of
relevant structures and stakeholders, their interrelations, and critical problems and needs (problem space)
regarding the sociomaterial artefact (Hevner et al., 2004). Therefore, three phases were conducted in a
period of two years (2020-2021) and comprised the activities described in Figure 1.
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Figure 1. Iterative Research Methodology Process (Based on Hevner et al. (2004); Dreschler & Hevner (2018))

1. Participation in solidarity finance networks: The authors have a long history of participating
in events organised by groups of academics and activists in solidarity finance and local
currencies. Some of the authors also participated in events organised by the Brazilian Network
of Community Banks (REDE), an organisation that plays a relevant role in promoting DLC.
Engagement in these activities allowed for expanding the relationship with different
stakeholders of the local currencies’ ecosystem and understanding the demands and
challenges in the use of this artefact.

2. Coordination of events with specialists in solidarity finance and local currencies:
organisation of events to engage specialists in solidarity finance, financial technologies (e.g.,
blockchain and digital payment platforms), digital local currencies, and relevant stakeholders
such as members from community banks (CB), social entrepreneurs, activists in solidarity
economy and basic income policies, representatives of local municipalities.

3. Data collection in the field and design science research (DSR): In this phase, we
performed data collection in the field, interviewing relevant stakeholders (users, local
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merchants, and policymakers) and secondary data from documents and legislation. This third
step is further detailed in the following paragraphs.

Aiming to assess the IS artefact, we used two sources of data collection: semi-structured interviews and
secondary data such as legal documents and data available on the municipality and CB webpage. To
capture the perspective of the main stakeholders involved in the DLC ecosystem in Maric4, the interviews
were conducted with key actors classified into four groups: (i) beneficiaries and users of DLC Mumbuca;
(i) local merchants; (iii) local government representatives (city hall and city council); and (iv) CB
representatives. In role 0 DSR research, since the focus is understanding the problem space and the
solutions that are currently in place, the evaluation criteria include “applicability checks regarding the
suitability of a design idea and the perceived importance of the problem” (Sonnenberg & van Brocke,
2012), named by the authors as evaluation 1.

Therefore, in this paper, we conducted a comprehensive analysis of the artefacts currently being used
within the context of the Mumbuca DLC, grounded in the collection of empirical data. Following this, an
evaluation of the ongoing implementation was conducted from the perspective of local stakeholders.
Based on these empirical findings, a novel artefact, utilising Blockchain technology and guided by
Labazova’s framework, was proposed as a potential solution to address the identified contextual
challenges and the limitations of the technology in use.

Due to the COVID-19 pandemic and the need for social isolation, the empirical research was carried out in
two phases. The first took place between August and September 2020, in which five semi-structured
interviews were conducted (using the Zoom platform) with members of the city hall, community bank staff,
and beneficiaries of the municipality’s social programmes. This phase aimed to gather initial insights from
these stakeholders regarding the overall implementation and impact of the Mumbuca program during the
pandemic.

The second phase took place in loco in September 2021, in which 34 interviews were carried out with
local merchants who accept payments through DLC Mumbuca - this sample combines businesses of
different sizes, as well as formal and informal merchants - and 7 interviews with members of the city hall of
Maricd and the Community Bank. In this phase, our objective was to provide a more comprehensive
understanding of the DLC use, program's dynamics and challenges.

The semi-structured interviews followed an interview protocol that included open-ended questions
designed to capture the perspectives of different stakeholders on the Mumbuca program. The interviews
lasted an average of 40 minutes and covered topics such as the use of the Mumbuca currency,
experiences with the E-Dinheiro platform, perceived benefits and challenges of the program, and
suggestions for improvements. These interviews were recorded (with the participant’s permission) for
coding and data analysis. Appendix A contains a list of the interviewees. The participants were allocated
numbers to guarantee their anonymity.

In our examination of secondary data, we utilized several document types: (i) information from the official
websites of the Marica City Hall, Community Bank (Banco Mumbuca), and Instituto E-Dinheiro; (ii) legal
documents, specifically the legislation of the Solidarity Economy Program implemented in Marici (Law
No. 12,865/2013); and (iii) documents from the community bank, collected during our fieldwork, which
included guidelines on microcredit, account opening procedures, and the criteria for local merchants to
qualify for accepting DLC Mumbuca. These documents served to contextualize our fieldwork and enrich
the findings from our interviews.

This corpus of qualitative data from the interviews and secondary data was analysed using a deductive
coding technique to understand the underlying characteristics of the artefact evaluated through DSR
(Milles, Huberman & Saldafia, 2020). The codes were developed guided by the research questions and
the key themes emerging from the literature review, including the use of the DLC, difficulties in using the
artefact, and suggestions for improvements. This approach allowed us to systematically analyse the
interview transcripts and also documents (secondary data) to identify patterns and insights relevant to the
evaluation of the Mumbuca program and the proposition of design transformations. The codes and their
definitions are available in Table 2.
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Table 2. Code Used for Data Analysis

Code Definition

Mumbuca Usage How and where Mumbuca is used by beneficiaries and merchants (e.g., daily expenses,
bill payments, types of establishments).

E-Dinheiro Platform User experience with the E-Dinheiro platform, including ease of use, difficulties
Experience encountered, and suggestions for improvement.

Benefits and Challenges | Perceived advantages and disadvantages of the Mumbuca program, including its impact
of Mumbuca on the local economy, financial inclusion, and daily life.

Account Management How users manage their Mumbuca accounts, including understanding account types,
balances, and transaction history.

Merchants' Perspective | The experience of local merchants in using Mumbuca, including adoption, transaction
processes, fees, and perceived benefits.

Community Bank Role | The role of Banco Mumbuca in the implementation and management of the Mumbuca
program, including user support, financial services, and community engagement.

Policy Implementation | Aspects related to the implementation of the basic income program using Mumbuca,
including the role of the local government, program changes, and challenges in policy

execution.
Transparency and Issues related to the transparency of transactions and the accountability of the program to
Accountability stakeholders, including auditing and reporting.

This three-step process (Figure 1) resulted in an iterative approach (Dreschler & Hevner, 2018; Hevner et
al., 2004), which enabled feedback loops to better frame the subsequent stages of the research process.

3.1 The Mumbuca Case

A pioneering Brazilian initiative of using a digital local currency to enable a basic income programme,
aiming to serve the most vulnerable population and stimulate local development, is the case of Mumbuca
currency, created in 2013 in the city of Maric& (state of Rio de Janeiro, Brazil). Marica created a Solidarity
Economy programme which institutionalised the digital local currency (Mumbuca) and the community
bank (Banco Mumbuca), an entity hired by the City Hall to manage the currency (Rodrigues & Neumann,
2021). This local currency has a 1:1 parity with the Brazilian Real (nhational currency) and can be used in
local commerce, thus promoting currency circulation within the municipality, boosting the region’s
economy and development (Gonzalez et al., 2020). With this structure, Marica was able to create a cash
transfer program for the poorest families in the city, who began receiving a supplementary income in
Mumbucas, through the structure of the CB. With the adoption of the E-dinheiro digital platform in 2018,
Mumbuca gained its own virtual circulation environment. The legal framework that institutionalised the
Mumbuca currency, originally approved in 2013, was refined over the years and, in 2019, was
consolidated in a basic income programme called RBC (in Portuguese, Renda Basica de Cidadania)
covering a wider group of citizens in a vulnerable situation who received 130 Mumbucas (per person)
each month. Before the pandemic, about 40,000 people received some municipal benefit. In early 2020,
Mumbuca was already widely accepted by local businesses (4,000 registered merchants) (Instituto e-
Dinheiro Brasil, 2021).

With the outbreak of the COVID-19 pandemic, the city implemented a set of emergency measures aimed
at mitigating the negative effects of the pandemic by temporarily increasing this assistance benefit from
130 to 300 Mumbucas (City Hall Municipality of Marica, 2020). Additionally, the city created a programme
focused on informal workers and self-employed professionals to provide financial support to these groups
of citizens who were unable to carry out their activities due to the COVID-19 crisis. This programme is
called PAT (in Portuguese, Programa de Amparo ao Trabalhador) (Municipality of Maric4, 2020). These
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emergency income programmes incorporated at least another 23,000 beneficiaries, while the community
bank expanded the accredited network to almost 10,000 establishments accepting Mumbucas (City Hall
Municipality of Maric4, 2020).

The use of Mumbuca digital currency during the COVID-19 pandemic was an efficient instrument to
deliver these emergency income programmes due to the prior knowledge of the beneficiaries’ eligibility
and the availability of an electronic payment platform for citizens. This enabled a timely delivery of
resources for immediate use by beneficiaries, avoiding human agglomeration (Gonzalez et al., 2020).

Emergency income programmes were one of the reasons that increased the total number of account
holders at Banco Mumbuca to 80,000 users (70,000 individuals and 10,000 registered establishments)
throughout the pandemic and substantially increased the volume of resources at the institution (Instituto e-
Dinheiro Brasil, 2021).

The results of these emergency initiatives can be reflected in the city’s socioeconomic indicators. By
November 2020, the city had registered the creation of 967 new formal jobs, while the state of Rio de
Janeiro, in the same period, recorded a drop of 133,754 formal jobs. It is estimated that PAT has
benefited about 23,500 people, including professionals, self-employed, and informal workers. It should be
noted that in addition to the generation of formal jobs, during the pandemic, the city showed an increase in
the collection of municipal taxes (City Hall Municipality of Maricé, 2021).

This set of emergency measures was essential to ensure the effectiveness of social isolation actions,
prevent the collapse of the municipality’s health system and reduce the negative economic impact.

4 The Mumbuca Case Through the Lens of DSR

Although there are many different versions of the DSR approach, combining guidelines from Peffers et al.
(2007) and March and Storey (2008) we found several steps in common: description of the problem to be
solved, description of the artefact designed to be a solution for the problem, evaluation of artefact, and the
discussion on the artefact contributions. Next, we present our application of DSR to the studied case.

4.1 Description of the Problem to be Solved with the Basic Income with DLC

Considering the negative effects of the COVID-19 pandemic, one of the key challenges faced by Marica
city hall was the efficient delivery of financial resources to the most affected groups (e.g., low-income,
informal workers), guaranteeing social distancing. Therefore, the use of DLC Mumbuca was the selected
strategy to implement the basic income programme to promptly deliver emergency financial resources to
beneficiaries. In fact, in comparison with the payment strategy adopted by the federal government to
deliver benefits during the pandemic, that created long lines and agglomerations of people in bank
branches when health authorities recommended social distancing, Mumbuca payments could be done
remotely due the more efficient online help implemented in the city scale in Marica, compared to the
online help in national scale of the federal government (Gonzalez et al., 2020).

Next, we will detail the analytical elements considered in this study concerning the public policy and the
digital sub-artefacts that are entangled in an integrated solution for the social problem of delivering basic
emergency income during the COVID-19 crisis.

4.2 Description of the Digital Sub-Artefact

The digital artefact of Mumbuca is the E-Dinheiro platform, which essentially contains three main
components: (i) the smartphone app; (ii) the NFC card; (iii) the digital platform for managing this service.
At first, during the initial phase of the Mumbuca project in Maricd, the technology was based exclusively
on magnetic cards for users and card reading devices (POS) for merchants, whose information system
was maintained by a partner company (Faria et al., 2020).

From the first semester of 2018 onwards, the Mumbuca project migrated to the E-Dinheiro platform,
launching an Android or I0S mobile app for both users and merchants. The old magnetic card technology
was replaced by digital accounts maintained by Banco Mumbuca, and some new contactless NFC cards
were distributed to users who had difficulty adopting the app (Gonzalez et al., 2020). Along with the
migration to the E-Dinheiro platform, there was an increase in registered businesses, in the collection of
fees, and a consequent greater autonomy for the community bank, which started a microcredit
programme that year (Faria et al., 2020).
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With this app, users can access their digital accounts and check their current balance and account
statement, charge customers, make face-to-face and remote payments, make transfers (including P2P),
and even buy pre-paid mobile airtime (top-up credits).

Until today, the E-Dinheiro platform allows three types of user accounts for the Mumbuca DLC:
beneficiary, salary, and checking. The beneficiary account is restricted to basic and emergency income
programmes implemented by the municipality (RBC and PAT). The RBC beneficiary account has some
restrictions since users can only spend their account balances to consume in the registered local
merchants and DLC cannot be converted to Real (Brazilian currency). On the other hand, the PAT
beneficiary account allows users to convert to Real - and pay bills from companies outside the
municipality. A member of the Solidarity Economy department explained this difference:

The Mumbucas in the RBC account cannot be converted to Brazilian real. Also, users cannot
pay bills from companies that are outside Marica. The magnetic card is only associated with the
RBC account, so the card is blocked for any type of exchange, purchase, consumption, which is
not linked to the city of Marica. Mumbucas in the PAT account can be converted to Brazilian real
and using the app, you can pay any type of bill, even outside the city of Marica. PAT does not
have the card, it’s only the app [MEQ2].

The salary account, also used by employees of Banco Mumbuca, allows users to: (i) perform P2P
transfers; (ii) pay bills; (iii) top-up credit to their pre-paid mobile phones; (iv) exchange the Mumbuca DLC
for Real (BRL) with no additional fee. As for the checking account, the user can perform all the above
actions for the salary account, but the exchange from Mumbuca to Real has a 1% fee. All these account
types can be accessed via the E-Dinheiro app.

For local merchants, all transactions have a 2% fee (discount rate) and an additional 1% if the local
merchant wants to transfer the money to a traditional bank account. Despite the fees involved in
Mumbuca transactions, standard POS systems in Brazil typically charge fees starting at 5% per
transaction. Moreover, the Mumbuca system allows merchants to convert their DLC balances to fiat
currency free of charge between the 1st and 5th of each month, reducing the effective cost of using the
platform. These conditions make Mumbuca a competitive alternative for merchants, especially when
considering the high volume of local transactions driven by the circulation of the basic income and also
emergency programs created in the pandemics (e.g. PAT) in the municipality. These transaction fees are
used to sustain the operation of the community bank (Banco Mumbuca) while the E-Dinheiro institute has
a partnership contract with the local municipality that covers the costs of operating the E-dinheiro platform
in the city of Marica.

The digital platform of the E-Dinheiro service covers the transactional system, databases, information
security structure, and exclusive dashboards for community bank managers and merchants. To ensure
data integrity and confidentiality, it was conceived centrally on servers made available by the technology
partner company in a closed system, and its governance is shared with managers of CBs participating in
the Brazilian Network of Community Banks (REDE). Although CB managers have access to the
dashboard, those willing to access the raw data are required to submit an ad-hoc request to the partner
company, reflecting the platform’s limited external interoperability.

4.3 Public Policy Sub-Artefact

One of the key elements for institutionalising the DLC Mumbuca materialised through the technological
platform E-Dinheiro, is the Solidarity Economy programme of Marica. This programme is the result of
several evolutions whose starting point was a municipal law in 2013. This subnational regulatory
framework established the conditions for the creation of DLC Mumbuca and the community development
bank of Maricd (Banco Mumbuca), institutionalising the structure for the public income transfer policy in
the municipality. The focus of this programme was to face poverty and promote economic and social
development in the city through the distribution of 70 Mumbucas (BRL 70) to families with an income of up
to one minimum wage per month. The resources invested in this initiative come mainly from royalties that
the municipality receives for oil exploration in its territory (Silva et al., 2020). One of the members of the
Solidarity Economy department highlights this view:

Since the wealth is in the municipality’s terrain, we defend that this wealth of the soil does not
belong only to the government but to all the inhabitants of the municipality. So, nothing’s fairer
than creating a programme for all citizens with this money from oil royalties [MEO1].
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New laws were approved in 2015, and Maricd expanded the cash transfer program by substituting the
initial programme with three new programs focused on: (i) low-income families and individuals (up to 3
minimum wages per family); (ii) pregnant women; and (iii) for youngsters aged between 14 and 29 years.
All three programs raised the benefit to 95 Mumbucas (Silva et al., 2020).

In 2019, these three programs were incorporated into the Basic Citizenship Income program (RBC). This
change increased the number of beneficiaries and the value of the benefit, which was readjusted to 130
Mumbucas. In addition, the benefit was no longer paid per family and started to be paid considering every
individual in the family (Silva et al., 2020). These small evolutions in the policy combined with the use of
the DLC Mumbuca became essential for the consolidation of the use of this local currency in the city of
Marica. In summary, the local legislation institutionalised the basic income with the use of the Mumbuca,
and the DLC was essential for the operationalisation of this policy, allowing to serve both the population in
a situation of social vulnerability and new groups, such as informal workers in the municipality.

This legal framework was vital to enable the prompt creation of emergency income benefits during the
COVID-19 crisis. Marica City Hall approved the laws which created the PAT programme (previously
explained) and increased the RBC benefit to 300 Mumbucas.

4.4 Evaluating the Artefact Solution

The use of the E-Dinheiro platform to operationalise DLC Mumbuca’s transactions has proven efficient in
transferring income to low-income individuals and specific groups affected by the COVID-19 crisis. In
addition, in the face of the pandemic, the digital local currency has been widely used in the city of Marica,
mainly among the beneficiaries of the emergency programmes implemented in the municipality - RBC and
PAT, as explained before.

More than 40,000 beneficiaries currently use the DLC Mumbuca, which is accepted as payment by a wide
variety of local businesses. Besides, the use of the digital currency Mumbuca has intensified with the
pandemic. A board member of the Community Bank (Banco Mumbuca) emphasised this aspect: “[With
the pandemic], the only way to receive money in the city was with Mumbuca. Before [the pandemic], we
had around almost 3,000 merchants. Today, [...] | have 6,015” [BS01]. This increase contributed to the
local economy, as stated by the interviewees:

It generates jobs, taxes that merchants end up passing on to the city hall. It is an economic
cycle; the wheel turns and increases the economic vitality of the municipality [MEO1];

It is an incentive for the currency to continue circulating within the city, so that this wealth
doesn’t go away [...]. With Mumbuca, we know that it stayed within the city and stimulated local
commerce [BS01].

The success of this initiative occurs on a local scale — aligning with the goals of the policy to promote local
development — but it could be replicated in other locations in the country with similar needs. In this sense,
although the E-Dinheiro platform can be adopted in other municipalities, it is understood that expanding
the use of digital local currencies could hinder the scalability of this platform efficiently and at a financially
sustainable transaction cost in this ecosystem.

In addition, another difficulty the beneficiaries perceived is in managing and controlling the different types
of benefits that a person can receive. This confusion is exemplified by one of the community bank
employees:

Here is what happens, with the basic income benefit, RBC, they can only use the money to buy
in specific places. With the PAT benefit, they can buy in these same places, but also transfer
the value to a bank account and pay their bills [BS04, BS05].

Through the E-Dinheiro platform, a person can have an account in which they will receive the benefit of
the basic income programme. In addition to this account, the same person may have a checking account
at Banco Mumbuca and a payroll account. However, this diversity of accounts can make it difficult for the
beneficiary to use and manage the monetary resource since the monetary resource derived from the basic
income programme has restrictions regarding what can be purchased or paid for, unlike the resource in
Mumbuca that is in a checking account or payroll account. Although all these resources are accessible
through the E-Dinheiro mobile app, many of the beneficiaries end up not using it and prefer to use the
physical card to purchase products, as exemplified in this statement: “| use it a lot at the supermarket, the
card [RBC benefit]. The app I just use to pay bills, but not with benefit, [...] it's because | have a checking

Accepted Manuscript



How Cryptocurrency Could Improve Basic Income Programs: A Design Science Research Approach

account” [US01]. In addition to the difficulty of managing this benefit portfolio, the lack of intuitiveness in
the application to control this variety of digital accounts can become an additional barrier to carrying out
transactions involving DLC Mumbuca via the E-Dinheiro app.

On the side of the City Hall, another challenge in relation to the E-Dinheiro platform is accountability to the
Court of Audit. Since the public policy of cash transfer and the emergency programmes involve the use of
public resources, it is mandatory to control the monetary amount invested in the programme, the number
of beneficiaries, the amount received, and other information that improves the transparency in the use of
Mumbuca in the municipality. As emphasised by a member of the Solidarity Economy department:

“All programmes are approved [by the city council], the benefit value is approved, the maximum
number of beneficiaries [...] to provide some legal framework, some working conditions, since
this policy instrument is still new for external control bodies” [MEQ2].

Therefore, one of the challenges faced by the technical staff of the city hall is the limitation of the platform
in terms of control and traceability of the transactions carried out through the platform, making
accountability difficult for the Court of Audit.

4.5 The Contribution of the Artefact

After a thorough evaluation of the sub-artefacts, we recommend the following five design transformations
in the sociotechnical artefact. The first one is reducing entry barriers for non-beneficiaries. As
highlighted before, the DLC was initially designed for the delivery of municipal basic income programmes,
but it can now be used via mobile app by potentially any citizen. Even with the increase in the number of
DLC users, there are still some challenges for including new users (non-beneficiaries) and transferring
financial resources to the digital account:

1. Creating the digital account in the platform, via the app: new users can create an account
using the DLC app, but they sometimes face problems in the process, such as with image
recognition, identity validation, and documentation upload. According to one of the IT staff: “The
problem is usually a blurry photo, making it difficult to read all the data on the document or low
lighting. So, they’re taking all these precautions and | believe it's a central bank requirement’
[DPO1]. These problems sometimes must be amended in person or via phone call, relying on
personal contact, and discouraging the creation of an account on the platform to use the currency.
The proposed design transformation to overcome this issue is: to redefine the account validation
process — the process could be simplified by opening the account prior to the identity validation
and document upload to make the account opening process faster. At a second moment, the
system would request the document upload to complete the process.

2. Money transfer: since Mumbuca has 1:1 parity with the Brazilian Real, users should be able to
convert from the fiat currency to the DLC. Nevertheless, system integration challenges still inhibit
this automatic transfer and conversion. At the moment, the user must send the transfer receipt to
the CB to receive the balance in the account. As mentioned by one of the members of the CB
board, this process is still manual: “The person transfers the money [...], they send the receipt,
and we [manually] credit the money in the account. It would be better if we had automation
[without the need to manually check the receipt] to facilitate the use” [BS01]. The proposed design
transformation to overcome this issue is creating mechanisms to allow interoperability between
the platform and other payment systems — improving this process would facilitate money transfer
and reduce the need for manual operations.

The second area of improvement is the expansion of the currency’s use. During the COVID-19
pandemic, the number of local merchants accepting payments using the Mumbucas grew, popularising
the use of this alternative currency in Marica. In this sense, we understand that a way to improve the
institutionalisation of this currency would be to expand its use to allow the payment of local taxes. For this
purpose, it would be necessary to alter the policy sub-artefact to change the local legislation to include
other uses for the DLC. This would also require government articulation to integrate the digital platform
with local government systems.

The third area of improvement refers to the creation of mechanisms for raising external funds.
Currently, all initiatives conducted by the community bank are reliant on the resources distributed by
Marica’s municipality. It is necessary to attract resources from other origins to expand the CB’s initiatives
in the region. A possible solution would be creating a digital fundraising platform to collect external
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donations to support the CB’s initiatives and projects with a potential economic impact in the municipality
— capacity-building projects for informal workers, for example.

A fourth area of improvement would be the creation of a digital wallet unifying the variety of user
accounts and payment means. In Maricd, the E-Dinheiro platform allows users to have different types of
accounts (beneficiary, salary, and checking accounts) in Mumbuca currency that can be spent using a
magnetic card (for some RBC beneficiaries programmes) or via the E-Dinheiro mobile app. Each type of
account has specific features in terms of functionality and usage restrictions. This variety of accounts and
means of payment can be confusing for some users, as mentioned before — especially the elderly and
people with lower literacy levels — in discerning what can be accomplished using each account and
payment means (card vs. app). A viable solution would be the creation of a digital wallet (accessible via
the mobile app) that allows an integrated view across all accounts and payment means. This would
enable users to: (i) distinguish between the accounts and verify their respective balances; (ii) select the
account they want to use for the mobile payment;(iii) transfer balances between accounts in the wallet,
except when prohibited by public policy. These changes would stimulate the increased use of the mobile
app, particularly for users that only use the magnetic card.

The last area of improvement would be transparency and accountability. The DLC Mumbuca is part of
a local public policy initiative for income transfer (basic and emergency income), thus involving the
disbursement of public resources. As such, transparency in the use of these public funds is mandatory so
that the city hall has a clear understanding and control of the monetary value invested in the programme,
the number of beneficiaries, the amount received by each one, and other information that improves
transparency in the process of using the DLC Mumbuca in the municipality. This process is performed
manually, as described by a member of the Solidarity Economy department:

The system we use is open source, [called] e-cidade. [...] [This system generates a spreadsheet
with] the entire payment list, individual by CPF (individual taxpayer number), so you can render
accounts 1 by 1, and that is what the State Court of Audit requests. [For accountability
purposes] we have to send the spreadsheet [to the court]. We print the spreadsheet, and also
record it on a CD, because we have to do a physical process. [MEQ2]

Therefore, one of the challenges faced by the municipality is the limitation of the platform in terms of
control and traceability of transactions for reporting this information to local auditing entities, hampering
the accountability process. In this sense, a solution would be to improve the technological artefact to allow
better integration and presentation of data (users, transactions, resources) to local control bodies,
facilitating the accountability process.

5 Design Transformations in DLC Platform

5.1 Blockchain Suitability Evaluation

In this section, we evaluate the suitability of the use of blockchain technology in the evolution of the E-
Dinheiro platform to encompass the designed transformation described in the previous section. We apply
the Blockchain suitability framework developed by Labazova (2019) that considers four important factors
before initiating a blockchain project: blockchain innovation; blockchain design; inter-organisational
integration; implementation environment.

In terms of blockchain innovation, the design transformations suggested for the DLC platform evidence
a series of beneficial characteristics that blockchain can contribute to the proposed platform
implementation using this technology. Aligned with Labazova’s framework, we considered the following
characteristics: integrity, trust, availability, transaction costs, scalability, and confidentiality.

Considering that the platform’s operation involves processing financial transactions via DLC Mumbuca, it
must guarantee data integrity regarding financial transactions performed between the different
stakeholders (city hall, community bank, beneficiaries, users, and merchants). This is certainly a factor to
which blockchain contributes, since the immutability of the ledger allied with the mechanisms for fraud
protection (encryption, consensus rule) are elements that contribute to data integrity in the platform. These
features, particularly the use of encryption techniques, also ensure the confidentiality of sensitive data
(e.g., name, ID) transacted through the platform. Both these blockchain features also build trust in the said
technology, a critical factor in the use of local currencies among the different stakeholders of this
ecosystem.
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Given the suggestion of replicating Maricd’s experience in other cities, one of the requirements for
operating the platform will be to guarantee its scalability and availability. Thus, the use of blockchain
technology can contribute to processing transactions in high frequency and, consequently, for sustaining
the growth in the volume of operations using the DLC, guaranteeing the availability of the platform for its
everyday use and contributing to the reduction of transaction costs, since the blockchain does not require
intermediaries.

The second factor evaluated was blockchain design, which considers the following characteristics:
consensus mechanism, anonymity, transparency, permissions, and modularity.

Blockchain implementation must contemplate a mechanism for reaching a consensus and a permissions
approach. Regarding the permissions approach, we understand that it would be appropriate to adopt a
permissioned blockchain, given that this would allow a restricted group (e.g., REDE, city halls, Instituto E-
Dinheiro) to be responsible for validating transactions on the blockchain. Considering the scalability and
high-frequency (throughput) requirements for the DLC platform, we recommend the use of consensus
mechanisms for permissioned blockchain, which also comply with these requirements, such as Delegated
Byzantine Fault Tolerance (dBFT), Federated Byzantine Agreement (FBA), or Delegated Proof of Stake
(DP0S) as indicated in Table 1.

Blockchain technology will allow the DLC platform to balance transparency and anonymity features. After
all, on the one hand, the DLC platform must guarantee the confidentiality of users by preventing the
identification of specific operations carried out on the platform. On the other hand, the platform must also
allow aggregated data (without individual identification) to be disclosed to promote transparency and allow
the traceability of public resources processed on the platform.

Finally, to contribute to the scalability and anonymisation requirements, it would be advisable to implement
a modularised design with different integrated ledgers for storing different types of transactions.

The third factor evaluated was inter-organisational integration, which considers the following
characteristics: inter-organisational governance, user adoption (usability and acceptance), and
interoperability. In the context of Labazova’s (2019) framework, the concept of usability refers to the
“quality of being easy to use to fulfil a specified task effectively” (p.8). Therefore, in this analysis, the term
is being used as a synonym of ease of use or intuitiveness based on the user perspective.

In terms of inter-organisational governance, we understand that a centralised governance approach may
be more adequate. After all, the decision-making process in this DLC platform is essentially centralised in
certain groups (e.g., city hall) that specify the rules regarding the use of the Mumbuca currency.

The DLC platform must also meet the usability or ease of use requirements since some users have a
lower education level and are not familiar with the technology. In this way, the implementation of the
platform using blockchain technology must be built with a high level of usability, reducing barriers to the
use (or adoption) of the digital currency.

One of the platform’s requirements is interoperability with other payment platforms. Blockchain can
contribute to meeting this requirement, enabling the platform’s integration with other systems, and
facilitating, for example, the financial conversion from fiat currency to local currency.

The fourth factor evaluated was the implementation environment, which considers the following
characteristics: regulations and ecosystem-specific requirements (self-sufficiency and institutionalisation).

In the analysed context, no specific regulation constrains the use of blockchain and cryptocurrencies.
Thus, regarding the regulatory characteristics, we understand that the DLC platform using blockchain
must be designed following the existing regulations regarding the use of local currencies and other rules
established by national financial institutions (e.g. Central Bank) for data protection.

Regarding the ecosystem-specific requirements, we noticed that in the analysed case a self-sufficiency
mechanism is already in place since a percentage of the transactions is transferred to the Community
Bank and E-Dinheiro Institute has a partnership with the local municipality to guarantee the platform’s
financial sustainability. In addition, municipal legislation regulating the use of the local currency contributes
to the institutionalisation of this financial instrument. In this sense, the use of blockchain would not impact
these ecosystem-specific requirements.

In conclusion, we understand that blockchain adoption is adequate to guarantee the replication and
scalability of the local currency platform analysed in this paper. We highlight that it is necessary to align
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the chosen consensus mechanism and the scalability requirement and define which data must be
anonymised or publicly disclosed for transparency purposes.

6 Digital Local Currency Platform Proposed

Based on the evaluation of the current platform (section 4.4, which used inputs from the local actors, such
as users, merchants, community bank staff, and municipality employees) and the recommended design
transformations for the local currency platform using the assessment of blockchain suitability, this section
proposes a new artefact that allows the replication of the initiative implemented in Marica, guaranteeing
the platform’s scalability. The complete DLC platform would cover: (i) the development of a new app (with
functionality and usability similar to the current E-Dinheiro to facilitate adoption), not necessarily with
blockchain technology; (ii) a management/operation module (which may eventually be separated from the
account management module); (iii) a consultation and transparency module (it may be a traditional BI
software that searches data directly in the blockchain ledger, or in a mirrored read-only database); (iv)
different databases, for records or queries, as it is convenient that some are developed in blockchain and
others are not; (v) donations and other financial resources modules, implemented in blockchain. Figure 2
summarises the main characteristics of this platform, its monetary flow, and the interaction between the
different stakeholders of this ecosystem.
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Figure 2. Digital Local Currency Platform Proposed

The first stage of this DLC platform proposal comprises the structuring of a module that will allow the
creation of a community fund in fiduciary currency (which aims to back all resources transacted in local
currency). Community banks will execute the management of this fund, and it may receive financial
resources from:

1. Public policies: Municipalities with basic income programs will allocate the amount destined for
this public policy. The existence of municipal regulations, articulated with CBs, will be essential for
delivering this basic income to eligible citizens defined by the city hall.

2. Donations: The platform will be able to raise and/or receive financial resources from donations to
support activities with a positive impact on the community or even specific actions promoted by
the CBs.

3. Account opening: Individuals can open a digital account on the platform to carry out transactions
in the DLC. Thus, the user makes a deposit in fiduciary currency into this community fund, and
this amount will be converted into local currency in their digital wallet.
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4. Development banks or crowdfunding: The platform will also be able to raise and/or receive
financial resources from development banks or crowdfunding through direct loans to finance
productive microcredit in DLC within the territory.

Interoperability with other payment systems is an important feature of this platform, reducing entry barriers
for the depositing of financial resources by different stakeholders (e.g., city halls, donors, and users).

The CB will be responsible for operating this community fund, converting this resource into local currency,
maintaining the mandatory 1:1 parity between the national and the local currencies (a legal requirement
demanded by the Central Bank). This financial resource will be delivered to the digital account of basic
income programme beneficiaries selected by the city hall, and to other users of the local currency who
have a digital account on the DLC platform. The local currency can be used to make payments between
users of the currency (P2P), and to purchase products in local businesses eligible to receive payments in
the local currency in that territory. Merchants, in turn, will be able to make payments in DLC and/or
request the redemption of these resources in fiduciary currency, a process in which a fee will be charged
based on the transaction volume. All transactions, whether performed by users and/or local businesses,
will be carried out through a mobile digital app.

The architecture of this proposed solution will be modularised, contributing to the scalability and security
requirements of the platform, and ensuring the transparency of data that needs to be publicised for
control and accountability purposes while preserving the confidentiality of personal data. As shown in
Figure 2, the invested resources will be recorded in a public register so that these data can be accessed
by the general public, guaranteeing the transparency and accountability of the financial resources —
whether public or not — deposited in this community fund.

Additionally, part of the transaction data would be entered into permissioned records, such as aggregated
transaction data (e.g., the total amount received by the merchants for the purchase of medication, food
etc.). The data from these permissioned records will be accessible to the CB for managing the daily
operations and for possible auditing. Finally, individual transaction data would only be accessible by the
local user or merchant in their digital account on the platform. This data would be entered into a private
ledger to guarantee the privacy of individual user transactions.

The proposed Digital Local Currency (DLC) platform will adhere to existing national and subnational
regulations, including the Law No. 12,865/2013, which regulates the payment schemes and payment
institutions as part of the Brazilian Payment System, and the subnational legislation of Marica's Solidarity
Economy program. This is consistent with the current compliance status of the DLC Mumbuca. However,
the implementation of blockchain technology within a public administration context presents unique
regulatory and compliance challenges. While blockchain technology, with its inherent characteristics of
immutability, transparency, and decentralisation, can contribute significantly to data protection, it is crucial
to ensure alignment with the Brazilian General Data Protection Regulation (LGPD, in Portuguese). The
LGPD mandates strict safeguards for personal data processing, requiring explicit user consent, data
security measures, and transparency regarding data collection and usage practices.

Additionally, the Central Bank of Brazil (BCB) is actively addressing the challenges of blockchain-based
currencies, in particular driven by the implementation of the Brazilian Central Bank Digital Currency
(CBDC), DREX (Banco Central do Brasil, 2024). This proactive approach by the BCB is expected to yield
a regulatory framework conducive to the implementation of blockchain-based DLCs. Therefore, the
proposed DLC platform must align with forthcoming BCB guidelines.

7 Conclusions

This paper explores blockchain’s potential for improving digital payment platforms for basic income. We
analyse the case of the Brazilian municipality of Marica, where a basic income program was created by
the local government for the most vulnerable population, using the digital local currency (DLC) Mumbuca.
We adopted the Design Science Research (DSR) to analyse the case and propose improvements in the
existing platform using a blockchain, considering this implementation as two entangled sub-artefacts: the
public policy and the DLC. The primary outcome is a new design proposal with alternatives for the
improvement of the entangled artefacts based on blockchain.

The case of using DLC Mumbuca to tackle the negative effects of the pandemic crisis evidenced the value
and relevance of Information Systems (IS) as a success enabler of this initiative. Therefore, the digital
platform allowed a rapid and efficient response of the municipality of Marica to the sanitary impositions,
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offering an instrument to deliver social benefits to the most affected individuals during the social-
distancing period.

Another contribution of this paper relies on the design artefact (Baskerville et al., 2018), specifically in the
evaluation of an existing artefact (DLC Mumbuca and E-Dinheiro platform), the proposition of design
transformations to the sociotechnical artefact, evaluating the potential suitability of blockchain technology
to evolve the DLC platform for allowing scalability and replicability of the initiative and proposing a new
design artefact for the payment platform based on blockchain features.

This study focuses specifically on the design phase of the DLC platform (role 0 in DSR). The proposed
design (composed of two sub-artefacts, public policy and DLC), grounded in the analysis and stakeholder
input, serves as a valuable blueprint for subsequent phases of prototyping and pilot implementation. It is
important to acknowledge that translating this design into practice involves navigating complex policy
landscapes, particularly in the context of social protection programs and local economic development. Our
paper contributes by anticipating these challenges and offering a design that is mindful of the need for
policy alignment. Future research could build upon this foundation by investigating the feasibility and
effectiveness of the proposed design through various empirical methods, further advancing the
understanding of technology-enabled social initiatives and local economic development.

Furthermore, future research should actively involve beneficiaries in the evaluation and refinement of the
implemented platform. Gathering qualitative data on user experiences, perceived benefits, and challenges
will be essential to ensure the platform's usability and accessibility. An ex-post evaluation could be
performed to analyse the long-term impacts of this artefact, and assess the benefits and challenges that
blockchain technology could create. Moreover, future studies could explore the platform's potential
applicability in other contexts, both within Brazil and internationally. Comparative analyses examining the
platform's performance across different socio-economic and regulatory environments could yield valuable
insights for policymakers and researchers interested in leveraging blockchain technology for social good.
The discussion of blockchain use from a systems engineering perspective is also a possibility that could
be further explored in future studies considering local currencies implementations in basic income policies.
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Appendix A: List of Field Interviews

Table A1l. List of Field Interviews

Interviewee ID

Profile Group

When interviews took place

(code)
Board of Community Bank August/September 2020 and
BSO1 September 2021
BS02 Board of Community Bank September 2021
BS03 Community Bank Staff (Cordeirinho branch) September 2021
BS04* Community Bank Staff (InGa branch) September 2021
BS05* Community Bank Staff (InGa branch) September 2021
BS06 Community Bank Staff (Itaipuagu branch) September 2021
Municipality Employee (member of Solidarity | August/September 2020
MEO1 Economy department)
Municipality Employee (member of Solidarity | August/September 2020
MEO2 Economy department)
MEOQO3 Municipality Employee (city hall) September 2021
DPO1 e-Dinheiro Digital Platform (IT Staff) September 2021
uso1 Local currency User August/September 2020
uso02 Local currency User August/September 2020
LMO01 to LM34 Local Merchants (formal and informal ones) September 2021

*Note: It is worth noting that participants BS04 and BS05 were interviewed jointly. Therefore, their contribution was accounted for as

a single interview
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