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ABSTRACT KEYWORDS
Blockchain is a recent certification technology that has strong potential to Blockchain; government;
transform many business models and to have a social impact by providing information technology;

sustainability; public value

solutions, including governance and sustainability. This paper presents a h
eory

case study on a pioneering blockchain application on an online platform
to negotiate forest credits issued for environmental services. The context
is the management of the Green Treasure Program in the State of Amapa
in the Amazon region of Brazil, a complex and interesting case for
research. The purpose of this study is to identify how blockchain can
contribute to the negotiation of environmental investments between the
public and private sectors. For this purpose, we conducted qualitative
research, a case study, using the lens of the theory of public value and
an interpretative perspective. We seek to understand the connections
between public value theory and the blockchain application.

1. Introduction

The purpose of this study is to identify how blockchain can contribute to the negotiation of environ-
mental investments between the public and private sectors. To fulfill our objective, we selected the
use of blockchain in the Amapa Green Treasure (AGT), which operates through a platform for trading
forest credits or titles generated from the conservation of native forests. The AGT (Tesouro Verde,
2019) is a kind of carbon pricing initiative at the subnational level that is classified by the World
Bank as results-based climate finance (RBCF) and is part of the global carbon market as reinforced
by the Paris Agreement. Our analysis unit is the State Government of Amapa, located in the
Amazon region of Brazil, which recently adopted blockchain to assist in the management of AGT.
One of the state government’s main objectives is to foster business for the construction of a sustain-
able economic matrix.

Recent research on the use of blockchain has identified a lack of government projects to provide
social services (@lnes et al.,, 2017). Other references address the use of this technology for projects
that offer sustainability with high transformative power (Kewell et al., 2017). The articles selected
in our literature review suggest the use of blockchain to provide trust, transparency, and traceability
in transactions but also address unresolved issues, such as security, privacy, auditability, control,
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anonymity, and scalability (Kokina et al., 2017; Macrinici et al., 2018; Manski, 2017). We also identified
that more than 80% of the articles dealt with blockchain related to cryptocurrencies (mainly Bitcoin)
and that few empirical studies adopted a theoretical approach. Additionally, most of the articles have
been published in the previous two years, a few of them in the main information systems (IS) journals
and at the vast majority of conferences, and have made recommendations for studies analyzing the
value generated by blockchain for society and the government (Hawlitschek et al., 2018; Macrinici
et al., 2018; Risius & Spohrer, 2017; Yli-Huumo et al., 2016).

In this context, we conducted a qualitative study with an interpretative perspective based on
Stake's case study strategy (Stake, 1995 and 2008) and Moore’s Public Value Theory (Moore,
1995). This research was carried out with the project’s main actors in the public sector, the technol-
ogy and methodology supplier, and the seven companies that first joined the program to obtain the
Sustainability Seal. Through semistructured interviews and document analysis, we seek to answer
the following research question:

1.1. How can blockchain technology contribute to negotiations of environmental
investments between the public and private sectors?

The State of Amapa represents a complex and stimulating context for research: its economic matrix is
incipient, it has a poor logistical infrastructure, it faces major difficulties in attracting investments,
and it experiences socioeconomic isolation. In contrast, what has not yet been accounted for in
the GDP of the State of Amapa is natural wealth: according to the latest Earth Innovation Institute
study (Stickler et al., 2018), it is one of the most preserved subnational states in Brazil and the
Amazon. This scenario contributed to the availability of approximately 45 million dollars in forest
credits for negotiation at the AGT when the program was launched in August 2018. For this
reason, our motivation is to analyze a pioneering blockchain application in the green economy.
This study contributes to the literature addressing the use of blockchain in government projects that
promote sustainability. This study can assist public managers and IS scholars working on the design of
sustainable business models in developing countries. We integrate the blockchain values into the stra-
tegic public value triangle, proposing a framework to explain how blockchain contributes to creating
public value. We also highlight the importance of blockchain solutions connected with United
Nations (UN) Sustainable Development Goals (SDGs), analyzing a unique case from a complex context.

2, Theoretical background

Since it emerged in 2008 (Nakamoto, 2008), there have been several definitions for blockchain: a dis-
tributed accounting technology (Denny et al., 2017), a distributed database (Ferreira et al., 2017), dis-
tributed records (Wu & Tran, 2018) or a distributed ledger technology (DLT; @lnes et al., 2017).
Regardless of the definition, all approaches agree that decentralization is one of the benefits that
grants this technology highly transformative power in several business models (Diniz, 2017).

Blockchain is a technology that can be used ‘for any change in ownership and storage of impor-
tant information and documents such as certificates, licenses, government decisions and legislation’
(@lnes et al., 2017, p. 355). It can be transacted in the blockchain operations of the registration of
property, identity, copyright, votes and, above all, smart contracts, which ‘are the performance auto-
mation of contracts that only execute when the prespecified conditions are fulfilled, eliminating the
need for third party resolution’ (Kewell et al., 2017). Among the benefits that blockchain can gener-
ate are trust, transparency, traceability, security, auditability, control, and anonymity. Cost reduction
and scalability are still limited to discussions but were considered in this research (Casino et al., 2019;
Kokina et al.,, 2017; Macrinici et al., 2018).

Our systematic literature review (SLR) included articles that addressed the use of blockchain in
government or in sustainability projects. SLR was performed from August to October 2018 in the
EBSCO, Jstor, Scielo, Web of Science, and Google Scholar databases. The searched keywords were a



INFORMATION TECHNOLOGY FOR DEVELOPMENT . 581

combination of ‘blockchain’, ‘government’ and/or ‘sustainability’. After having read the abstracts and
the introduction of the first selection, our final set included 33 articles. We excluded all articles refer-
ring to cryptocurrencies. Among the 33 selected texts were 10 articles that confirmed the research
gap concerning the applications of this technology in governmental projects around sustainability
(Engelenburg et al., 2017; Ferreira et al., 2017; Hawlitschek et al., 2018; Issa, 2018; Kshetri, 2018; Macri-
nici et al., 2018; Notheisen et al., 2017; Risius & Spohrer, 2017; Yli-Huumo et al., 2016). There has been
significant growth in the demand for sustainable products, mainly due to the demand of consumers
for more responsible supply chains. Goods have been produced using inputs with a lower environ-
mental impact and require transparency in accountability and certification of the origin of the
resources (Fowler, 2018). Blockchain can generate billions of dollars in the supply chain of the environ-
ment, providing, beyond social welfare, a more efficient management of natural resources and reach-
ing a win-win relationship between the state and society (Saberi et al., 2018). In line with the
objectives of the UN Agenda 2030, [...] the adoption of the blockchain has important implications
for the goals and targets towards more sustainable development’ (Denny et al., 2017).

The platform used by AGT, the IT artifact of our study, aims to create a transparent, traceable and
secure management of resources, guaranteeing the distribution of these resources to their main des-
tinations: 15% for the environment, 15% for sustainable development and 30% for the objectives of
sustainable development. Following the guidelines of Benington and Moore (2011) concerning the
use of public value theory, we aimed to identify how blockchain can contribute to negotiations of
environment investments between public and private sectors. For this objective, public value
theory was useful for shaping the field work and the analysis of the results.

2.1. Public value theory

When analyzing environmental services negotiations and the technology platforms for these ser-
vices in the context of government, we adopt Moore’s theory of public value (Moore, 1995), the
seminal work concerning this theme. According to the author, public value is generated mainly
through the perception of citizens’ benefit, that is, a broader view of government acting in partner-
ship with other stakeholders for the common good.

In more recent publications, Moore (2002) addresses strategies and innovations for the govern-
ment to generate public value. In previous works, those strategies were not so clear since [...]
what public managers need to do to produce value is much more ambiguous; and how to judge
whether value has been created is even more difficult” The author adds that ‘public managers
cannot produce the desired results without using resources that would also be valuable if used in
other ways/, i.e. to ensure public value is generated ‘they need to be able to show that the results
achieved are worth the price paid for them’.

Souza et al. (2015) conducted a literature review and found that, according to this theory, there is
a need for communication between the state, market, and civil society to achieve public value. The
authors observed that such an interaction comprises three processes that represent the structure
known as the strategic triangle. They described these processes as

(1) the definition of valuable purposes for citizens; (2) the creation of an authorizing environment, that is, a
coalition of key actors capable of legitimizing certain actions and guaranteeing their sustainability; and (3)
the construction of operational capacity to enable the generation of public value. (Souza et al., 2015, p. 3)

Figure 1 represents the strategic triangle alignment with blockchain values that can contribute to
public value generation based on what we learned from our SLR. The authorizing environment is the
dimension where trust, transparency, security and auditability are required by the actors involved,
such as the investors or the regulators. Operational capacity is the dimension where blockchain
‘values’, such as decentralization, scalability, cost reduction and traceability, are useful to deliver
what these actors demand.
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According to Moore (1995), when developing a strategy for the public sector, the person in
charge must align these elements coherently, analyzing three steps. Initially, one must assess
whether the strategy has value in the sense that the public organization returns value to society, con-
sidering the low cost of the strategy from both the financial and authoritative perspectives. Second,
the strategy must be legitimate and politically sustainable; that is, an organization must maintain the
continuing interests of the authority and the funding of the authorizing political environment.
Finally, the demand for the strategy must be viable both operationally and administratively so
that authorized activities, in addition to being valued, can be performed by the organization and
with the support of other stakeholders, all focusing on the organization.

The strategic triangle works to encourage employees to focus their attention on their operating
environments to support mission definitions, overall organization objectives, and demand
execution, thereby enabling a greater use of the strategic concept and value assessment of the
society. The approach is a powerful way to assess whether there is a balance between the elements,
as it allows the assessment of all the conditions necessary for value production in the public sector.

The theory has been updated (Benington & Moore, 2011) to address the rapid change in govern-
ment management and to engage with more practical issues, such as the measurement and assess-
ment of public value. The theory has also been expanded to analyze value in different disciplines
(ecology, economics, history and political sciences, among others), different countries (developed,
emerging and underdeveloped) and different areas of society (education, health, pension and
environment).

Some articles have already used the public value theoretical lens to analyze phenomena involving
the use of technology in government management and have pointed to sustainability as one of the
existing public value types. These studies have also demonstrated that public value can be optimized
through technology (Karunasena & Deng, 2012).

Public Value

Blockchain
Values
® Trust o Decentralized
e Transparency o Scalability
e Security o Cost reduction
e Audability/Control o Traceability

Figure 1. Strategic triangle of public value generation connection with blockchain values (adapted from Moore, 1995).
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Thus, we believe that public value theory can contribute to elucidating our research question
since it allows us to interpret the perceived value of blockchain in the public and private sectors
during environmental investment negotiations. As a recent technology, blockchain still presents pro-
blems that are not fully understood, such as attack risks, low levels of maturity, regulation, and
usability (Ferreira et al., 2017).

Hartley et al. (2017, p. 680) identified a lack of empirical research that uses public value theory,
and we decided to follow their second proposed approach, ‘examining the contestation of public
value through dynamic social issues’. According to these authors, ‘the key element of this research
is that different stakeholders, both in public and in private interactions, express their values and
reach some degree of compromise or consensus (or not) over an issue’. (Hartley et al., 2017, p. 680)

The public value theory framework may also help us analyze the function of the technology
applied in government services and inspire IS researchers and public managers to design sustainable
business models in complex contexts involving blockchain.

3. Methodology

We used the case study strategy with an interpretative perspective (Stake, 1995, 2000 and 2008). We
conducted semistructured interviews with leading public and private sector managers. We triangu-
lated the data with the set of documents we collected (decrees, laws, official journal publications,
and consultations on government platforms). The interviews were conducted on a long-term
basis from November 2018 to July 2020 as the companies joined the program. The selected intervie-
wees were two State Secretaries, three representatives of the technology supplier, and seven CEOs
from the companies that first joined the program. These companies were from different sectors/
industries, as described in Table 1.

Atlas.ti software supported the data treatment and coding. We used a content analysis technique
inspired by Miles and Huberman (1994), and the first-order categories were the dimensions or pro-
cesses that formed the strategic triangle. In addition to interviews and documentation triangulation,
a participative observation was carried out by one of the researchers, who is the current Planning
Secretary and one of the persons in charge of the AGT project. Having him on the research team
was essential to access the State Secretaries and all the companies. He produced the reports and
minutes of 16 meetings between key actors. This researcher collected the government data, while
the interviews in the private sector and the transcription and codification of data based on public
value theory were carried out by the other researchers, all of whom sought to maintain the commit-
ment to neutrality, validity, and reliability in data interpretation. The results of these 16 meetings
(Table 2) were significant for the case description. The meetings demonstrate the search for
examples of strategic partnerships, such as presentations for replication in some other Brazilian
states (such as the members of the Legal Amazon Consortium - GCFTF, 2019) or investment

Table 1. Interview distribution.

CATEGORY DESCRIPTION INTERVIEWED QUANTITY
Public Sector 1 - State Secretary Representative Fiscal of the Federal Revenue Service 1
Public Sector 2 — State Secretary Representative Environmental Services Coordinator 1
Private Sector A - Solar Panel Factory CEO 1
Private Sector B — Investment Enterprise CEO 1
Private Sector C - Autonomous Finance Consultant CEO 1
Private Sector D - Association of Lawyers CEO 1
Private Sector E - Hotel CEO 1
Private Sector F — Cosmetic Factory and Retail CEO 1
Private Sector G - Social Security Investment Fund CEO 1
Private Sector Technology Supplier - BMV Product and technology managers 3

Total 12
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Table 2. Meeting agenda of the AGT.

DATE PLACE PARTICIPANTS OBJECTIVE
18/07/17 Goiania/Brazil State of Goias Publication of Law n° 19.763, that creates
AGT

28/08/17 Teresina/Brazil State of Piaui Publication of Law n° 7.033, that creates AGT

15/08/18 Macapéd/Brazil Finance institutions, public entities and Public audience to launch the program
population

10/10/18 Brasilia/Brazil German and Norway Embassies Pilot presentation

04-07/02/19  Séo Paulo/Brazil BMG Bank and REAG Investiments Presentation and proposed use as a warranty

21/02/19 Brasilia/Brazil Ministry of Agriculture, Livestock and Presentation and proposed cooperation

18-22/03/19
11/04/19

23-25/04/19

Moscou/Russia

Rio de Janeiro/
Brazil
Brasilia/Brazil

Supply
UNIDO/ONU, Brazil Embassy, Agendas

Credit Operational Affairs Committee /
ABDE

BID

Ministry of Economy

French Development Agency — AFD

agreement

Presentation, joint statement and proposed
agreement

Presentation and exchange of Brazilian
experiences

Presentation and application for recognition

Presentation and proposed cooperation
agreement

Pilot presentation and proposal

04/05/19 Ribeirdo Preto/ Ribeirdo Preto City Hall Presentation and proposed cooperation
Brazil agreement
23/05/19 Macapa/Brazil Russian mission Visit to local program-related opportunities
05/07/19 Sé&o Paulo/Brazil State Secretary of Finance of SP Presentation and proposed cooperation
agreement
22/08/19 Sao Paulo/Brazil Banco Santander and AMPREV Presentation and discussion of possibilities
headquarters
22-25/09/19  New York/USA UN Climate French Foreign Amazon Consortium Agreement and AFD
Week Ministries
Governor's Task Force =  New Opportunities Deal in California (CARB)
GCF
BID plea for Green Treasure classification treaty
and pilot
Climate Bond Iniciative =~ Amazon Consortium Agreement and Green
Bonds
07/04/20 Brazil Federal Government Federal Law n° 13.986: valid solution adopted
by AGT
23/04-10/ Macapé/Brazil Financial institutions Sustainable seal for Itat, Santander and
07/20 others

opportunities through private banks. The meetings also show the goal of accreditation by inter-
national institutions, such as the World Bank, to support and insert the program into the global
market.

To construct chapter 4.2 — Blockchain infrastructure designed by BMV - we performed interviews
with the technology supplier with the support of the framework called ‘summary of proposed public
value measurement dimensions’ designed by Faulkner and Kaufman (2018, p. 77), which divides
public value measurement into 4 dimensions, such as (1) outcome achievement (social, economic
and environmental outcomes); (2) trust and legitimacy (transparent and fair process); (3) service
delivery quality (client satisfaction, accessibility and convenience); and (4) efficiency (minimal
bureaucracy, benefits outweigh costs). The results of this phase are described in chapter 4.2.

Using Moore’s theoretical model, we analyzed the interviews and documents along 3 dimensions:
public value, authorizing environment, and operational capacity.

The twelve interviews were an average of 20 min each, and audio was recorded for each. The
interviewees were public and private executives, and due to schedule restrictions, we opted for inter-
views that lasted up to 30 min. For this purpose, we constructed 3 pillars of analysis based on the
public value theory framework: (1) identify the value perception of the certification technology, in
this case blockchain, for each of the actors; (2) ensure that the environment for the implementation
of the AGT, more precisely the relations among the actors, facilitates the negotiation of forest credits
between the public and private sectors; and (3) verify that the blockchain enhances operational
capacity, generating benefits such as security, transparency and traceability.
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4. The case of the Amapa Green Treasure (AGT)

The issue of environmental services - covering the public policy bias - has been addressed interna-
tionally since 1972 at the Stockholm Conference. This issue evolved with milestones such as the Rio
92 (1992), Kyoto Protocol (1997), 2000 Millennium Development Goals, the Millennium Summit
(2010), Rio + 20 (2012), Agenda 2030 (2015), and finally the Paris Agreement, which was launched
in 2015 and signed between 2016 and 2017 (Kamphof, 2018).

Two instruments stand out in international climate finance: the 17 Sustainable Development
Goals — SDGs (Agenda 2030) and the Paris Agreement. Agenda 2030 and its SDGs guarantee the pro-
minence and transversality of the climate agenda into which the environmental services are inte-
grated. The Paris Agreement establishes a climate ceiling maximum of 2°C concerning the
emissions levels of the preindustrial era and provides principles, strategies, and instruments for
the Agenda. This commitment - within the framework of international law - has strengthened
the market for environmental services that are integrated into the carbon market and designed to
transpose mitigations and adaptations to the financing of global sustainability.

Currently, the market includes four kinds of carbon pricing initiatives: emissions trading
systems (ETSs), offsetting mechanisms, carbon taxes, and results-based climate finance (RBCF),
which generated USD 45 billion in public revenues in 2019 according to the World Bank
(2020). These initiatives are expected to reach the USD 100 billion per year goal, and the funds
should be invested in measures to combat climate change, as set out in the Paris Agreement.
This goal was reiterated at the last United Nations Climate Change Conference (COP 24, in
2018), which supports the global market for environmental services that has not yet been
accessed by the State of Amapa.

Amapad is one of the 26 Brazilian states situated in the north of the country in the Amazon
region. The state’s current economic matrix is unsustainable: the main activity is public adminis-
tration (more than 50% of its GDP). This activity is followed by commerce and the construction
industry, which has direct links to public purchases: that is, the state is a subsidized unit that is
socioeconomically isolated, has precarious logistics and infrastructure and lacks effective and
inclusive opportunities for its population. According to the latest Earth Innovation Institute
study presented at the Governors’ Climate and Forests Task Force meeting in San Francisco
(CA) in September 2018, Amapa is one of the most preserved subnational states in Brazil and
the Amazon, but this is not reflected in its GDP.

With more than 90% of its territory preserved, the state was excluded from the environmental
service market until 2018. As a substantial and effective alternative to enter the market for
environmental services, the Amapa Green Treasure program (AGT) was created: based on national
and local legislation, the AGT was designed to measure the environmental services that have
always been provided by the most preserved areas of Amapa to foster a sustainable economic
matrix. This is a solution that provides dignity and enables the inclusion of the communities
that protect the forest, making the economic activity of nature preservation feasible, while
financing public policies related to the SDGs and other integrated programs exclusively aimed
at sustainable development.

The public policy is supported by a collaborative network that includes a forest inventory that is
compiled according to international standards and has been registered with the UN and is known as
the BMV (Brasil Mata Viva) Standard. This standard has been validated by the Universidade Estadual
Paulista (UNESP) and verified by Ernst & Young (E.Y.). The inventory allows the issuance of a Rural
Product Certificate that, after registering with the Central Custody and Financial Settlement of Secu-
rities (CETIP) and being placed under the legal custody of Julian Turnbull, generates a forest credit
offered through an online platform by BMV. This process flow is shown in Figure 2.

The forest credit can originate with private properties — as has happened for more than 10 years in
the States of Mato Grosso and Amazonas — and public areas, as has been initiated in the State of
Amapa. However, unlike other methodologies that work with future commitments, the credit is
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Figure 2. Green Treasure operational flow.

issued based on the environmental services rendered in the last 12 months. Another advantage of
the BMV Standard in relation to other methodologies is the real guarantee deposit - the native wood
is preserved, and the forest credit is not subject to risks in case of deforestation since it is issued
based on the service already provided. In addition, concerning valuation, the focus is on precisely
valuing the intact forest, removing the economic advantage of forest degradation and making
other economic activities more attractive.

The online platform aims to provide security, transparency and traceability through the regis-
tration of all transactions in a blockchain, to allow exits to the financial system and secondary
markets and to achieve the Sustainability Seal — the main focus of the program - which is obtained
by calculating the footprint access to green economy policies. The seal consumes forest credit, trans-
forming it into income for public administration and for rural producers.

The seal represents the socioenvironmental contribution of the resources used during one year of
activity by a particular company or an individual and adds an objective criterion to verify the com-
mitment to sustainability. For example, the issuance of green bonds involves a variety of initiatives
used to raise funds in the financial market, which are generally linked to an industrial process (e.g.
reduction of toxic gases) or to economic activity itself (e.g. renewable energy and use of waste),
towards a sustainable economic matrix.

The Green Treasure now provides a new essential criterion, by including intact forests, which can
be used as a requirement through bilateral and/or multilateral agreements and internalized through
public policies, as carried out by Amapa. It is an objective way of guaranteeing the protection of the
Amazon rainforest by calculating the ecological footprint in a way that integrates the balance of the
companies, adding environmental support to their brand.

The seal is acquired by companies on the platform. The companies are identified so that they can
access incentive mechanisms launched to encourage the AGT. The concession of tax benefits and the
selection of assets for investment by the social security institute are examples that have already
attracted the support of companies. Amapa can establish having the seal as a requirement for acces-
sing public incentive mechanisms and benefits, increasing the attractiveness of the program. The
most recent example, with an effective potential do scale the program, is the ‘Refis Verde’, the
first ICMS tax regulation program (State VAT - value-added tax), which guarantees differentiated dis-
counts for companies with the Sustainability Seal. An inniative aimed at stimulating the economy to
face the effects of the pandemic, allowing entrepreneurs to restore their fiscal regularity while pro-
moting AGT’s sustainability policies.

4.1. The green bonds market

Confirming UNEP (2016) estimates, USD 100 billion per year is the amount that should be invested in
measures to combat climate change, as set out in the Paris Agreement that was signed in 2015 and
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approved by 195 countries. This goal was reiterated at COP 24 (UN, 2018), which supports a world
market for environmental services that have not yet been accessed by Amapd. The issue is addressed
in the international agreement, specifically in Article 6, which addresses ‘market mechanisms’, thus
enabling signatory countries to meet a part of their mitigation targets.

Unlike adaptation, another focus of the agreement, mitigation, can be achieved through this inter-
national market for environmental services, commonly referred to as the carbon market, with emissions
trading through instruments such as carbon credits, which represent 1 ton of stockpiled CO,. In this sense,
the Paris Agreement seeks to contribute to the regulation of this world market, guiding the construction
of a safe environment through transactions and accounting for emissions and environmental services.

Currently, the market offers a variety of solutions, such as carbon pricing itself, which can range
from less than USD 1/t CO, to as much as USD 139/t CO,, which in 2017 alone generated $33 billion
in government revenue according to the World Bank (2018). Regardless of the variations, the
numbers are growing sharply, supported by Article 6 of the Paris Agreement, operating primarily
through two major groups of solutions: the Emissions Trading System (ETS) and the carbon taxes
and results-based climate finance (RBCF). Figure 3 from the latest World Bank report (2018, p. 12)
confirms the relevance of this market.

It is also worth mentioning the green bond market, which is intended to finance the green
economy through the use of tradable securities in the financial market, as in the experience of
BNDES (Brazilian Bank of Development) in 2017, in the amount of R$1 billion. The global market, esti-
mated at USD 635 billion according to the CBI (20193, p. 2), is presented in Figure 4.

In this context, there is a growing worldwide movement in the public sector to use green bonds
to finance infrastructure and initiatives related to the climate agenda and SDGs. According to CBI
(2019b, p. 2), USD 24.8 billion was issued by the public sector in 16 countries in the first half of
2019 alone, up by 23% from the same period last year, as shown in Figure 5.

4.2. Blockchain infrastructure designed by BMV

To understand the blockchain infrastructure behind the AGT, we performed interviews with Brasil
Mata Viva (BMV), a collaborative network that develops sustainable solutions and is the government
technology supplier for this project (Brasil Mata Viva, 2019). After developing the forest credit meth-
odology, BMV started to look for blockchain applications in 2017 with the intention of avoiding
double selling, a problem that emerged in the past with regard to carbon credit negotiation in Brazil.

Pan et al. (2019) confirm that ‘the goal of blockchain technology in the energy industry is to
provide a fully decentralized energy system that can be communicated directly between producer
and consumer’ (p. 4287). These authors reinforce that to provide safety and reliability, ‘each record
will have a timestamp and a unique cryptographic signature, which ensures that each transaction
can be traced back to the historical record’ (Pan et al., 2019, p. 4288).

In 2017, BMV examined over 50 blockchain options in the market and found that Bitcoin and NXT
(nxt.org, 2019) were more mature than the others. The network chose NXT for two reasons: (1) NXT
worked with a proof of stake (POS) protocol while Bitcoin worked with a proof of work (POW), which
consumes more energy and therefore did not make sense as a sustainable asset; (2) NXT had a well-
developed wallet that was multilingual and had the best user experience. BMV had to consider that
its main customers are farmer-owners, a public group with a low level of digital skills for participating
in complex systems.

Following Casino et al.’s (2019) blockchain classification, NXT can be considered a public block-
chain network running a POS protocol (from a hyperledger consortium) designed for a government
project to provide transparency in the public administration of forest credit negotiations.

It is important to emphasize that the USC (Unit Sustainability Credit) negotiated by the AGT is not
a coin. The USC is equivalent to 1 forest credit and is an asset with financial value linked to native
forest services. For this reason, although the USC's economic value is approximately BRC 77
(2019), it is considered an intangible good. The customer is investing in the benefit already
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28 SUBNATIONAL

jurisdictions

of GHG emissions covered

Range of prices in existing initiatives

51% of the emissions covered
are priced < US$10/tCO,e

raised in carbon pricing revenues
in 2018.

Figure 3. Relevance of the green bonds market.

generated by the forest and not in the land or territory. The BMV platform allows total traceability of
the farm that generates the credit, and blockchain allows complete accountability for every trans-
action. An example of the register in NXT is presented in Figure 6, where we can see the decentra-
lized network registration; in Figure 7, we show the sustainable seal certificate, which has a QR code
that allows the traceability of the farms that generate the forest credit.
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Figure 5. Public sector investments in the green bonds market.

The BMV is planning to enter blockchain generation 4.0, which includes a security token and a
more sophisticated smart contract design. Due to this decision, BMV may change to the Ethereum
network, which allows several types of smart contracts that can include AGT in the international
green bond market. Compliance is critical in this process because every investment is traded
through the platform. BMV is also accountable to the government.

The next step for the government is to include the traceability of investments, which is already
included in the government’s consensus protocol, in the sustainable objectives to return public
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Transaction: 11810129412717916087

Timestamp 14-Aug-2018 10:52:13

Height 1972068 / 593474 confirmation(s)

Block ID 5127297937801390420

Amt + Fee 0+3NXT

Sender NXT-UYSY-378K-ADSZ-CTM4W

Recipient = NXT-MP7U-2MUU-7DZJ-CK429

Deadline 60

Sender pubkey 87d1aa8211e7bb6ad4aaa70923f00688137b6e5518bf7fcf34840b610659e244¢

EC Block 7991180079059449731

Signature 88013bda7194659207f70. dc3a543322f34d4e18e300f
27d1b8bf5ddd443103d1774c67fc60a63abad5fced4775f9564eadf3f4ca5bed

Signature hash €76d728d0d9cab9b55339235ffcdbb1f671b4b32100fb476e035dd9a1c302158

Full hash b7af71cc2002e6a3741310c0060c4e982f59aa2490f494253bd8b63002f459be

Type Asset Exchange

Subtype Asset Transfer

Versions Message: 1, Phasing: 1, EncryptedMessage: 1, AssetTransfer: 1, PublicKeyAn
nouncement: 1

QuantityQNT 43

PhasingQuorum 1

RecipientPublicKey 9e2cb845bcf425e812f9bbfEb2fd647e7fcd25434346db9d9627585cIcfa167¢c

Phasing\Whitelist 1891426894883116374

Message PLAT-AP - Pedido: 6

PhasingFinishHeight 1982147

PhasingHolding 0

EncryptedMessage ENCRYPTED

MessagelsText true

PhasingMinBalance 0

Asset 13903850690686819571 (UCS)

PhasingMinBalanceMod 0
el

PhasingVotingModel 0

Figure 6. Example of register in the public blockchain (NXT.org).

SELO SUSTENTABILIDADE TESOURO VERDE

Titular: _ QR Code de verificacao
cpr/cNe): [

Namero do Registro: 11810129412717916087

Data da Operac&o: 10/08/2018

Valido até: 31/08/2019

Programa: Tesouro Verde

Produto: Selo Sustentabilidade Tesouro Verde

Quantidade Adquirida: 43 unidades de Crédito de Floresta
homologadas

Este Selo atesta que a Empresa investiu em protecdo e preservacao de floresta nativa por meio da
aquisicdo de Crédito de Floresta, como forma de compensar o uso dos recursos naturais e o impacto
ambiental de suas atividades produtivas do exercicio, cumprindo a Cota de Retribuicdo
Socioambiental - CRS.

As informaces dos dados foram declaradas pelo representante da empresa: _
Fernandes CPF: [ com plena ciéncia das responsabilidades impostas pela Lei de Crimes
Ambientais n 9.605/98 conforme os termos do Art.69.

VERIFICACAD:

Processo de validagdo §

Cenificado: http: bi/selo
Registro - Blockchain NXT: htzps.//nxtportalorg/transactions/ 11

A
412717916087

Figure 7. Sustainable seal example — QR codes lead to farm traceability.
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Graph 1. AGT investment distribution.

value to society: the distribution of the investment amount (Graph 1). After this implementation, we
may consider total traceability in forest credit negotiation trading, which may attract different inves-
tor profiles.

Concerning blockchain applications in the government context, Casino et al. (2019, p. 63) hold
that ‘the accountability, automation, and safety that blockchain offers for handling public records
could eventually obstruct corruption and make government services more efficient’. It is also note-
worthy that the added value of blockchain is in compliance, especially regarding the possibility of
additional controls, by adding security and transparency to the other public sector governance
instruments (strict budget execution, internal and external control bodies, publicity of acts, account-
ability). Beyond the strict regulation over revenues and expenses related to the program, blockchain
allows traceability and transparency of the asset transactions, enabling monitoring of the flow from
the origin of the assets to the generation of public funds.

5. Data analysis

We started our analysis in the two dimensions in which blockchain benefits can contribute to public
value generation: authorizing environment and operational capacity, according our conceptual
model (Figure 1). During the data analysis, we found the contribution of blockchain as part of
an innovative solution and public value legitimization, as manifested in the outcome, the Green
Treasure Seal.

For the authorizing environment, we understand the relationship between public and private
organizations and society in general. As shown in Table 3, in the dimension ‘authorizing environ-
ment’, we found the demand for trust, transparency and security from the private to the public
sector during environmental investment negotiations. For the public sector, auditability is a
benefit that blockchain offers, and it is critical for international compliance requirements of the
green bonds market.

The private sector clearly stated their concern about the double selling that occurred in the past
with carbon price initiatives (Redd, 2015). During AGT investments, the vast majority of the compa-
nies agreed that blockchain offers trust, transparency, and security. Another observation regarding
competition was that AGT was the first investment option for environmental impact compensation
with a blockchain platform and BMV methodology, a combination recognized as an innovative tech-
nology solution for sustainable services negotiations.
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Table 3. Data analysis summary.

Dimensions Values

Quotations (examples)

Authorizing Trust
environment

Transparency

Security

Auditability

Innovative solution Innovation

Operational Decentralized
capability

Cost
reduction

Scalability

Traceability

Legitimacy of public  Sustainability
value

‘Even though | am not an expert in the field, | know the principles of the platform
blockchain method, which makes us very comfortable that you do not have two points,
there can be no repetition ... There is no other asset like this (in blockchain), because the
other assets are held in custody, traded on the market, but it does not have this
characteristic of operation’. (CEO — D)

‘When we talk about money, we know that the market has many promises that are not
true (...) So it's about trust. It's essential to show that is registered and can't be
violated’. (CEO - F)

‘that transparency that you can enter the system, you can see where the farm is, and its
unique, your title is like an identity’ (CEO — E)

‘(...) these mechanisms must be extremely strong and transparent. Any mechanism that
you doubt can cause problem, (...) so you have to contribute much in the reliability of
this asset, you have to contribute much to the technology of where it will be marketed
(right), then the blockchain comes in this (...)" (State Secretary 1)

‘(....) blockchain brought unlimited access, without frontier, and a total transparency that
we call even an open box book (...)" (Technology Supplier)

‘A decentralized technology and with this security it has, it is very important to pass
reliability to customers. So, | understand that today when we talk about investing in
forest credit and being able to have a blockchain linked to the entire security process is
fundamental for yes, it is fundamental to look, these people are serious’. (CEO — F)

‘(...) among the possible instruments, it seemed to us that AGT was an eligible instrument
as it has a series of precautions that make it a safe environment. After that we also knew
where the resources would go’. (CEO - D)

‘without this tool it would be impossible to gauge the values, the guarding of documents
... even because it is a fully auditable platform’ (State Secretary 2)

It’s very interesting how customers look because they don't feel exploited, but they feel
part of. (CEO - E)

‘The geniality was to unite these available technologies and create a totally new concept
of where the network itself, it is the trust (...) In general, we had to make a platform that
was very simple, despite advanced technologies like blockchain, for the end user it had
to be simple ... ’ (Technology Supplier)

‘(...) what is more necessary is the involvement and participation of all the actors in order
for it to happen ... so that it reaches the point that the civil society as well as the State
receive the benefits of such a program (...)." (State Secretary 2)

‘(....) it still has to be very efficient in spending the final resource (right) to promote
sustainability with the input resources of that program.’ (State Secretary 1)

‘I think it is an obligation that we all have, especially people who are in the financial
market that move a lot of money, that have a lot of people involved, that people have
this awareness that there is a way, that there are mechanisms that we can do use them
in a way that is not expensive ... ' (CEO - G)

If we could scale the program, it is a great incentive for forest conservation. (...) The
second thing is the economic question (right), you start to collect from a service that we
have in the State that is our function (...)" (State Secretary 1)

‘Il understand that this can escalate into other spheres and become an asset. | am not
seeing this as an asset yet, but | think when more people invest and the results of this
investment return to the social, | think this can take a different dimension’ (CEO - G)

‘(...) this guarantee of traceability is one of the things that really differentiates and
highlights the market that existed before the carbon credit (...)" (Technology supplier)

‘This has brought the real security of what is really being invested in the Seal, we can
follow what is being the destination of this value.’ (CEO - B)

‘The platform, the green treasure program advocates the preservation of the forest in a
sustainable way at the same time that it advocates the development of the state in a
sustainable manner without deforestation and opening a new economic front for the
sustainable development of the state’. (State Secretary 2)

‘Through the Green Treasure we are facing a world scenario (right), we are being seen by
everyone(...) it is a wave now that everyone is more aware of nature preservation,
environment, all this has a concern, (...) today all our marketing material bears the
stamp of the printed Green Treasure, we made a point for that reason (...)." (CEO — A)

‘First that is the following, is a source of revenue for the state, and the state picks up this
revenue and will invest in the social, will invest in the maintenance of reserves that it
has. (...) logically as an economist and businessman, | also go after a return, but that is
not what moves me, what moves me is the idea of a global service of this product. (...)

(Continued)
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Table 3. Continued.
Dimensions Values Quotations (examples)

So, | see this, not as just a gain, | see it as a question of the future of the generation.’
(CE0-0Q)

‘You make an investment that is not that big and that if everyone does it can create a
mass of resources and promote sustainability, supporting the local community,
preventing the destruction of the forest, creating opportunities for generating
sustainable jobs' (CEO - G)

In operational capacity, we identified the demand the public sector addresses to the technology
supplier. Blockchain can contribute to public value generation primarily because it is a decentralized
network. The public sector confirmed that an innovative technology solution was necessary to inte-
grate all the actors involved, and the BMV solution with a blockchain platform was their choice
because it delivered the required operational capacity.

As we shown in Table 3, blockchain was able to offer a decentralized network (original character-
istics of the technology), traceability, and a low operational cost (interviewee’s perception) together
with the associated benefits. From one of the technology supplier interviews, traceability is ‘one of
the things that really differentiates and highlights the market that existed before the carbon credit'.

The companies that have a direct relationship with their final customer (business to consumer —
B2C) declared that their customers also recognized the value of the sustainable seal and that the cost
related to the consumption compensation is low, ‘an example of a collective awareness' (CEO - E).

Related to scalability, it is not possible to verify gains since the program is new and in the process
of acquiring maturity. However, respondents expect this blockchain feature.

6. Discussion

Our interview script contained open questions about what types of contributions the AGT and the
embedded certification technology (in this case, blockchain) offered. According to theory, public
value is closely related to the common good. In the content analysis, we remarked on this
specific point: the AGT project is directly related to the objective of sustainability.

The pressure for sustainable economic growth is an external force pressuring government and
society for the generation of public value. When environmental investments are negotiated, in
the process of creating an authorizing environment (a coalition of key actors from the private
sector, government, and regulatory entities), there is a demand for trust, transparency, security,
and accountability. The public sector responds with innovative solutions supported by blockchain
platforms combined with network methodologies such as BMV. Blockchain is able to enhance oper-
ational capacity through decentralization, cost reduction, scalability and traceability, generating the
cycle of public value generation shown in Figure 8. The cycle is completed when the public value is
legitimated by society, in our case, investors, regulators, and the final customers of the enterprises
adopting the Green Treasure Seal. This analytical framework summarizes the findings of our research
and answers the research question.

In the specific case, the external pressure for sustainable development can be represented by the
Paris Agreement, signed by 195 countries, and by the positioning of world leaders such as Angela
Merkel: ‘we need a financial market that provides cheap capital for climate-friendly investments.’
(D.W., 2020). Seeking to respond to the external pressure, the State of Amapa demanded an innova-
tive solution that could offer security (e.g. checks from UNESP and E.Y. explained in Figure 2), trans-
parency and traceability (blockchain values), supported by public policies. It was necessary to
increase the operational capacity to deliver the AGT with the values of blockchain: decentralized
control, low cost, and traceability. Concluding the framework, the recent adherence of financial
market institutions like AZ Quest demonstrates the generation of public value, proving the
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(1) Demand (2) Request
e Security e Innovative
e Transparency Solutions

e Traceability ) -
/ (4) Public value

legitimacy

—

(3) Delivery

e Decentralized
e Cost reduction
o Traceability

Figure 8. Contribution of blockchain to creating public value.

perception of investors that the Program is a response to the pressure for sustainable development
and demonstrating a consensus (Hartley et al., 2017, p. 680) between the public and the private
sectors:

Modern entrepreneurship says that it is always possible to combine profit with a purpose, managing companies
so that they become a vector of social development and benefit for all those who are directly or indirectly
impacted by their activity. For years we have tried to conduct AZ Quest’s activities with these principles. As
part of our environmental sustainability strategy, we adhered to and obtained the Sustainability Green Treasury
Seal, for investing in the conservation of native forests and the production of ecosystem services effectively and
transparently. (LINKEDIN AZQUEST, 2020)

During the data analysis, we were able to find connections between the authorizing environment
and operational capacity with blockchain benefits that are able to contribute to public value gener-
ation (Table 3).

Our findings suggest three considerations:

(1) Our findings demonstrate the values of trust, transparency and security being clearly recognized
by the private sector through the AGT platform and the embedded technology. In a South Amer-
ican country where concerns around corruption exist, the offer of these values is crucial in build-
ing trust between partners. The identification of investors in the implemented solution
(transparency) allows companies to be validated and makes them able to claim other incentives.
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(2) The territory of the State of Amapa is mainly rainforest. The Green Treasure Seal can be a leap-
frogging mechanism to offer an investment opportunity in an isolated region of the Amazon.
This is the first offer of these seals, which has attracted the interest of international multilateral
agencies in addition to national companies and has facilitated access to the global market.

(3) In the context of lack of the infrastructure in the Amazon region, blockchain facilitates oper-
ational capacity.

Benington and Moore (2011, p. 262) emphasize the importance of legitimacy from society to
achieve public value: ‘The concept of public value acts as a guide to search out conditions that
need to be improved, and problems that need to be addressed, but are not necessarily the respon-
sibility of any single agency'. In this case, AGT needs to scale to achieve it. It is important that the
private sector adopt platforms such as AGT to create new business opportunities. These sustainable
platforms allow several kinds of configurations to transform standard business into green market
solutions.

Public value theorists also question ‘how much room there is for innovation in the government’
(Benington & Moore, 2011, p. 263). Blockchain technology emerges as a potential alternative to gen-
erate public value, primarily through better management of resources, that should offer returns for
the benefit of society. During our field work, we could sense the recognition of the power of the
word blockchain in the context of innovation, from small business executives to banks and multilat-
eral agencies.

7. Conclusion

The main purpose of this study was to identify how blockchain can contribute to the negotiation of
environmental investment between the public and private sectors. Amapa is a remote area in the
Amazon region. A Brazilian state with a small population, the territory is covered by native rainforest
and is seeking sustainable economic growth. In the context of resource restrictions and an enormous
demand for trust, we argue that blockchain was able to contribute to delivering public value.

We recognized the contributions of blockchain in the specific and intricate context of economic
pressure for sustainable growth. Blockchain helped in (1) building the authorizing environment, (2)
contributing to the design of an innovative solution, (3) enhancing operational capacity and (4) legit-
imizing the final outcome.

Our framework illustrates the connections between the potential benefits of blockchain and
public value theory. The economic pressure for sustainable growth was the trigger to start the
project, possibly due to the difficulty of fundraising that the State of Amapa experiences. The author-
izing environment is the coalition of key actors capable of legitimizing specific actions and guaran-
teeing their sustainability. For this to be effective, some vital issues are trust, security, transparency,
and auditability or control, especially within the private sector. The demand for trust required an
answer from the government in terms of an innovative solution supported by a blockchain platform.
In the context of a lack of resources, operational capacity could benefit from the blockchain charac-
teristics of decentralization, cost reduction, and traceability. The certified final outcome (in this case,
the Green Treasure Seal) is the mechanism of public value legitimization. Scalability was the only
blockchain characteristic not verified due to the novelty of AGT.

In the private sector, there is a collective awareness to compensate for the environmental impact
and generate sustainable growth, from small to large businesses. The executives interviewed did not
dominate the technical issues of blockchain. Nevertheless, the majority of executives interviewed
recognized the contribution of blockchain to generating public value, with security as the value
most often mentioned, mainly to avoid double selling and guarantee the proper distribution of
resources to society.

We must emphasize the importance of the synergy between the actors in a project such as this
one, which has sustainable objectives but also considerable challenges to face. We find that even
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with government efforts, if the market and society do not actively participate and contribute to con-
servation and a new green economy, even with the right infrastructure and technology, the project is
not feasible. The responsibility for generating public value in all dimensions of sustainability belongs
to a large group of social actors with diverse interests.

We described an application of blockchain for the common good, as suggested by Kewell et al.
(2017), through projects that contribute to the UN'’s sustainability agenda in countries of the
Global South, as Kshetri (2017a, 2017b) suggests. As a first contribution, the case description
itself can stimulate insights in public managers and IS scholars working on the design of sustain-
able business models in emerging and developing countries. The second contribution is the expla-
nation of the contribution of blockchain to create public value. The use of the public value theory
perspective for the blockchain phenomenon fills one of the research gaps identified in our litera-
ture review. The lack of applied cases, another observed research gap, was also filled with this
study since it demonstrates a practical case of the blockchain in projects that promote sustainabil-
ity in government.

AGT is a very recent project that was launched in August 2018 and is therefore in the process of
acquiring maturity, which limited our research on the number of operations performed for analysis.
When AGT achieves scalability, we may continue our investigation with a quantitative data collection
(such as a survey). One of the opportunities is to measure the public value among citizens, for
instance, concerning the trust, legitimacy, service delivery quality, and efficiency of the blockchain
application, as proposed by Faulkner and Kaufman (2018). The second-order effects are a hot
topic around blockchain technology and sustainability. Because the use we investigate is entirely
new and recent, there is no current perception of second-order effects, and we were not able to
include second-order effects in our discussion. We consider this topic an opportunity for future
studies.
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