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ABSTRACT Sustainable development is crucial to securing the future of humanity. Blockchain as a
disruptive technology and a driver for social change has exhibited great potential to promote sustainable
practices and help organizations and governments achieve the United Nations’ Sustainable Development
Goals (SDGs). Existing literature reviews on blockchain and sustainability often focus only on topics
related to a few SDGs. There is a need to consolidate existing results in terms of SDGs and provide a
comprehensive overview of the impacts that blockchain technology may have on each SDG. This paper
intends to bridge this gap, presenting a tertiary review based on 42 literature reviews, to investigate the
relationship between blockchain and sustainability in light of SDGs. The method used is a consensus-
based expert elicitation with thematic analysis. The findings include a novel and comprehensive mapping
of impact-based interlinkage of blockchain and SDGs and a systematic overview of drivers and barriers
to adopting blockchain for sustainability. The findings reveal that blockchain can have a positive impact
on all 17 SDGs though some negative effects can occur and impede the achievement of certain objectives.
76 positive and 10 negative linkages between blockchain adoption and the 17 SDGs as well as 45 factors
that drive or hinder blockchain adoption for the achievement of SDGs have been identified. Research gaps
to overcome the barriers and enhance blockchain’s positive impacts have also been identified. The findings
may help managers in evaluating the applicability and tradeoffs, and policymakers in making supportive
measures to facilitate sustainability using blockchain.

INDEX TERMS Blockchain, sustainability, sustainable development goals, tertiary review.

I. INTRODUCTION
Sustainability is an essential concept with many definitions
and has been receiving growing attention and commitments
worldwide. The triple bottom line proposed by Elkington is
a widely accepted concept that assesses sustainability from
economic, environmental and social dimensions [1]. Urban
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sustainability has four defined dimensions — it adds a gov-
ernmental dimension to the above three dimensions [2].

In 1987, the United Nations’ (UN’s) Brundtland
Commission defined sustainability as meeting ‘‘the needs
of the present without compromising the ability of future
generations to meet their own needs’’ [3, pp. 16]. In 2015,
the UN 2030 Agenda for Sustainable Development estab-
lished 17 Sustainable Development Goals (SDGs) and
169 targets associated with them [4] as a call to action by all
countries to end poverty, fight inequality, protect the planet
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and ensure peace and prosperity for all people by 2030. The
UN SDGs point out a path of sustainable development and
set up a framework with priorities of a global action program
for the people, planet, prosperity, peace and partnership [5].
The 17 SDGs are interrelated and call for balancing the three
interdependent pillars (economic growth, social inclusion and
environmental protection) of sustainable development.

Information and communications technologies (ICT) have
been recognized as catalysts for all the three pillars of sustain-
able development [6]. ICT-enabled products, processes and
organizational innovations empower companies to implement
their sustainable development strategies. Many sustainable
development initiatives have been developed to improve sus-
tainability by integrating emerging ICT technologies such
as artificial intelligence (AI), Internet of Things (IoT), big
data and blockchain. Studies also indicate that technolo-
gies such as AI and blockchain have become significant
decisive elements for a company’s success or failure under
the COVID-19 pandemic and in making a contribution to
sustainability because such technologies might enhance the
resilience of supply chains and businesses against the neg-
ative consequences of future pandemics and unforeseen
interruptions [7].

Blockchain is decentralized information technology build-
ing on immutable, shared and distributed ledgers to store
transactions and establish trust [8]. The benefits of blockchain
include decentralization without central authorities, better
information traceability, data transparency and security than
classical technologies. Although blockchain is a rapidly
evolving technology, it drives social change inmany domains,
expanding from the original application domain of finance [9]
to smart cities [10], supply chain and logistics [11], energy
[12], smart manufacturing and industry 4.0 [13], health-
care [8], maritime transport [14] among others. According
to [7], food, agriculture and healthcare sectors have most
commonly utilized blockchain technology to address the
COVID-19 situation.

Research is increasingly being done on the applica-
tion of blockchain technology to address sustainability.
A recent example is a study investigating the applica-
tion of blockchain to facilitate the implementation of the
UN-promoted Principles for Responsible Banking [15].
Further, literature reports on blockchain’s positive and neg-
ative impacts on sustainability. An example of the positive
impacts is that blockchain’s traceability can help unmask
unethical suppliers and counterfeit products and better ensure
human rights and fair working practices [11]. On the other
hand, Proof-of-Work consensus algorithms are often con-
sidered environmentally unfriendly due to their high energy
consumption. Getting a complete picture of the impacts of
blockchain technology and its applications on sustainability
can help people take advantage of blockchain technologies
and address their drawbacks. There are studies reporting
on the use of blockchain for the sustainable development
of specific application domains, industries or aspects, for
example, [2], [12], [14], [16], [17], and [18]. However, there

is no holistic analysis of blockchain’s impacts on sustain-
ability across domains or areas, particularly regarding its
effect on the achievement of all SDGs. In addition, several
papers have pointed out that the focus of most of the existing
studies was not on sustainability and that it is essential to
promote research on the implications of blockchain tech-
nology on sustainable development and performance [19].
Our work attempts to bridge this gap through a compre-
hensive analysis of all application contexts documented in
literature.

The goal of our study is to investigate how does blockchain
technology contribute to sustainable development related
to different SDGs? Besides analyzing the impacts, we also
want to know the reasons behind the impacts, the factors that
drive or hinder the adoption of blockchain in practice, and
the research gaps into enlarging blockchain’s positive impacts
and limiting the negative ones.

Fig. 1 illustrates the research framework for this paper.
In detail, we aim to answer the following research
questions (RQs):

• RQ1: What are the positive and negative impacts
on SDGs of using blockchain technology in various
applications?

• RQ2: What are the key drivers and barriers to adopting
blockchain technology to satisfy SDG goals? We aim
to understand the drivers and barriers to blockchain
adoption in the context of SDGs from system-level,
intra-organizational, inter-organizational and external or
societal dimensions [11].

• RQ3: What are the research gaps to facilitating sustain-
ability when using blockchain technology?

Several reviews, for example, [2], [9], [10], [11], [12],
[13], [14], [16], [17], and [18], cover this topic from different
angles. Therefore, we decided to perform a tertiary review to
answer our research questions [20]. A tertiary review, or a
tertiary study, is ‘‘a review of secondary studies related to
the same research questions’’ [21, pp. vii], i.e., a review
of systematic literature reviews. We used thematic analysis
methods [22] to extract information from existing reviews
to answer our research questions. We have analyzed and
consolidated information from 42 review articles, 36 of which
were published since 2019. The main contributions of this
study are:

• We identified 76 positive and 10 negative linkages
between blockchain-based applications and each of the
17 SDGs through a holistic and systematic analysis of
blockchain’s impacts on SDGs at the SDG target level.

• We identified 45 factors that drive or hinder the adoption
of blockchain technologies to satisfy SDGs. We clas-
sified the factors into four categories: system-level,
intra-organizational, inter-organizational and external or
societal. Furthermore, the drivers/barriers have been
linked to the identified impacts that blockchain has
on SDGs and ranked by their relative degrees of
importance.
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FIGURE 1. Research framework on blockchain and SDGs.

• We also recognized six research gaps and directions to
motivate further development of blockchain technology
to promote SDGs.

The remainder of the paper is organized as follows:
Section II provides background information related to sus-
tainability and the critical features of blockchain. Section III
describes the methodology of the study. The findings of this
study are presented in Section IV. Section V discusses the
results. Finally, Section VI concludes the paper and proposes
future work.

II. BACKGROUND
A. SUSTAINABILITY AND SUSTAINABLE
DEVELOPMENT GOALS
The SDGs in the UN 2030 Agenda are meant to function as a
global framework for cooperation to address economic devel-
opment, social inclusion, and environmental sustainability.
Achieving SDGs requires transnational multi-stakeholder
collaboration that will give an imperative for stakeholders to
act according to collective rationality, leading to a potential
renunciation of intra- and inter-state interests for the common
good. However, there is a strong doubt as to whether this
is feasible, and it has proved challenging to get all parties
adequately involved and anchored on the SDGs. A recent
example is the United States’ withdrawal, albeit temporary,
from the Paris Agreement. This example showcases the immi-
nent risk associated with political constellations, such as the
replacement of administrations or individuals, resulting in
a shift or even termination of interests or consensus, thus
creating an inherent lack of predictability and trust.

The UN SDGs offer solid and important guidelines for
various topics at governmental, organizational, technical and

personal/societal levels. The SDG goals depend on each
other and are indivisible. Nilsson et al. gives an example
showing such interdependency: ‘‘educational efforts for girls
(goal 4) in southern Africa would enhance maternal health
outcomes (part of goal 3), and contribute to poverty eradica-
tion (goal 1), gender equality (goal 5) and economic growth
(goal 8) locally’’ [23, pp. 321]. The UN 2030 Agenda has
policy coherence as one of the SDG targets to highlight such
interactions. Regarding this, [23] has proposed a seven-point
scale of SDG interactions to systematically determine the
influences of SDGs to help policymakers to create coherent
policies and strategies that can enhance positive interactions /
impacts and minimize negative ones.

B. BLOCKCHAIN TECHNOLOGY AND
BLOCKCHAIN-BASED APPLICATIONS
Blockchain technology comprises a multitude of underly-
ing technologies and protocols, which are referred to as
‘‘blockchain technology’’ or simply ‘‘blockchain’’ in this
paper. A blockchain is a decentralized digital ledger that
provides transparency and immutability of encrypted records
or digital events. A blockchain records every transaction on a
block across multiple copies of the ledger that is shared with
many parties without the need of intermediaries or centralized
control and where everyone has access to the data (trans-
parency). The data is stored using a unique identifier, a cryp-
tographically secure hash, which depends on the data stored
in the last and previous blocks [24]. The hash acts as the main
guarantee for data integrity in the blockchain, and ‘‘a change
in a single block in the blockchain results in invalidating all
the following blocks’’ [12, pp. 86748]. Security is enhanced
by verifying transactions via multiple nodes in the blockchain
through a consensus algorithm before a block is added to
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the blockchains. There exist several consensus algorithms,
such as Proof of Work (PoW), Proof of Stake (PoS), Proof
of Authority, Practical Byzantine Fault Tolerance (PBFT),
Delegated Proof of Stake, andmanymore [25]. Trust can then
be established among parties who do not trust each other, and
no external intermediary is needed to validate the data.

Blockchain can be grouped into permissioned or permis-
sionless categories based on who can access the blockchain
network. It can also be classified into public, private, and
consortium blockchains based on how the permissions to
write to the blockchain network are assigned [26]. There also
exist hybrid blockchains with deferred and limited access to
specific datasets for as long as the cryptographically selected
methods are valid.

Blockchain can register, store and transfer any type of
assets [9], including cryptocurrencies. Blockchain can thus be
used, for example, in proof of identity and ownership as well
as in protection of digital rights [2], [11], [27], [28], although
it works best with small data that can easily be serialized.

Fundamental blockchain technology exhibits a few key
features that can bring significant benefits:
• Decentralization – Blockchain is a peer-to-peer dis-
tributed system that allows the participation of all parties
and their access to data without the need of central
authorities or intermediaries (no supervision), which
provides robustness, resilience (no single point of fail-
ure), trustworthiness and durability [29].

• Consensus mechanism – Blockchain allows for self-
organization and provides coordination mechanisms.

• Data integrity – The hash values in the blocks make it
easy to identify a data compromise.

• Privacy mechanisms – Blockchain provides pseudony-
mity for privacy preservation.

• Smart contract and autonomy – Smart contracts can
execute a predefined logic automatically when the terms
on the contract are fulfilled. Blockchain smart contracts
can be executed without a trusted third party. Blockchain
has advantages such as ‘‘transparency, accuracy, speed,
security, efficiency, and trust’’ [30, pp. 15].

• Data transparency, accountability and traceability sup-
port – Stored data cannot be altered. Blockchain
provides a complete history of transactions, allowing
data to be shared/exchanged securely and in a trustwor-
thy manner in a low-trust environment without a third
party’s supervision or intermediation.

• Cryptocurrency and social currency – Blockchain pro-
vides incentive mechanisms and financial innovations.

Blockchains can be divided into three theoretical stages:
Blockchain 1.0, 2.0 and 3.0 [31]. This evolution of
blockchain denotes the technological transition from the sim-
ple described ledgers into applications outside Fintech.
• Blockchain 1.0 started with the release of bitcoin and
its functionality as an asset. The main applications were
cryptocurrencies and associated payment systems.

• Blockchain 2.0 became a term used to show the
core technology as a programmable trust infrastructure

supporting functionalities such as smart contracts,
decentralized applications and decentralized autonomous
organizations (DAOs).

• Blockchain 3.0 denotes the current trend where
blockchain applications are replacing existing technolo-
gies and optimizing the core technology itself, with
emphasis on the consensus protocol in sensitive appli-
cations. The blockchain applications extend to domains
outside Fintech, such as supply chain management,
health, energy, government, science and art.

More technical details on blockchain technology are out
of the scope of this paper, but interested readers can refer to
literature, such as [32], [33], and [34].

III. RESEARCH METHODOLOGY
We followed the tertiary review guidelines described in [21]
for our study. Fig. 2 shows the process used for identifying
and selecting the papers included in the survey. We scanned
the Scopus and Web of Science databases using the search
terms ‘‘blockchain’’ AND ‘‘sustainability OR sustainable’’
(see the search criteria in the database search boxes in
Figure 2). We included only journal papers and (systematic)
reviews written in English. We did not limit the period of
the search, and all publications by end of July, 2022 were
included. Furthermore, for a paper to be included, it had to
address the use of blockchain technologies for sustainability;
a paper was excluded if full paper access was not available,
or the paper was solely about blockchain technology.

One hundred and twenty-one papers from Scopus and
92 papers from the Web of Science published between
2017 and July 2022 were returned after the search, and,
of these, 159 were kept after removal of duplicate records.
After abstract screening, 78 papers were included for full-text
assessment. Thirty-eight out of the 78 papers were found to
be relevant to our research questions. Four more papers were
identified using backward snowballing from the 38 papers.
Finally, 42 papers were included in the qualitative synthesis.

Afterwards, we followed the thematic analysis methodol-
ogy [22] and used a qualitative analysis tool ‘‘Dedoose’’0F1

to code the papers. The codes were analyzed and synthesized
in an iterative process. Three authors with different back-
grounds and expertise, ranging from software engineering,
sociology and engineering, were involved and conducted a
consensus-based expert elicitation process for the analysis,
as documented by previous studies on SDGs [35], [36],
[37]. Each selected paper was reviewed by one of the authors
and coded with regard to the RQs. At least one other author
validated the result of each paper.We had consensusmeetings
when discrepancies arose.

To answer RQ1, we extracted documented blockchain
impacts on sustainability (as codes in Dedoose) and mapped
them to concrete SDGs at the target level. We considered
it acceptable evidence when there was a documented use
case, implementation, or proposal on potential impacts on

1The Dedoose tool, see: https://www.dedoose.com/
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FIGURE 2. Process for identification of relevant papers.

FIGURE 3. Data analysis process for RQ1.

sustainability from the surveyed papers. As shown in Fig. 3,
we first identified evidence of blockchain’s impact on sus-
tainability from survey papers and mapped the evidence to
SDG targets based on SDG descriptions. The results are
shown in Fig. 4. We then associated the evidence with codes

by either selecting a suitable code from the existing codes
established through analysis of other papers or creating a
new code. This resulted in more than 130 codes referring
to potential impacts on SDGs. After that, we generalized or
merged codes by analyzing their similarities and differences
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FIGURE 4. Overview of blockchain’s potential impacts on SDGs based on the reviewed papers.

following the thematic analysis guideline [22]. This resulted
in 29 high-level codes on impacts, which have been further
divided into economic, environmental, social, governmental,
legal and regulatory categories. The high-level codes and
their categories are summarized in Table 2 and Table 3.
As an example, blockchain’s transparency and traceabil-
ity contributes to the mitigation of Illegal, Unreported and
Unregulated (IUU) fishing as illustrated in the Provenance
case described in [38]. This evidence was mapped to SDG
targets 14.1–14.5 and associated with the code ‘‘Potential
to end unethical and illegal practices, e.g., slavery and IUU
fishing’’. This code was merged under ‘‘(So.5) Fraud and
corruption prevention’’ belonging to the ‘‘social impact’’
category.

To answer RQ2, we identified and extracted drivers and
barriers from the descriptions in the papers. Drivers and
barriers are factors that motivate or hinder the adoption
of blockchain for sustainable development. They are often
two sides of the same coin. For example, blockchain is a
driver when it is used to solve specific domain challenges
or needs. Blockchain’s key features are also considered
technical drivers. In some cases, we extracted barriers from
the challenges, threats and weaknesses listed in a paper and
extracted drivers from benefits, strengths and opportunities in
the Strengths, Weaknesses, Opportunities and Threats anal-
ysis (e.g., [39]). The coding refinement process is similar
to RQ1.

To answer RQ3, we used a thematic analysis and summa-
rized research gaps and challenges proposed in the surveyed
papers.

TABLE 1. Overview of the reviewed papers and their topics.

IV. RESULTS AND FINDINGS
The papers analyzed focus on summarizing blockchain and
sustainability in different application domains. The main

2This paper addressed agri-food traceability; therefore, we placed it under
both ‘‘supply chain and logistics’’ and ‘‘traceability’’.

3This paper discussed food supply chain under the circular economy
context; therefore, we placed it under both ‘‘supply chain and logistics’’
and ‘‘circular economy’’.

4This paper addressed supply chain traceability, therefore, we placed it
under both ‘‘supply chain and logistics’’ and ‘‘traceability’’.

5This paper addressed blockchain for traceability and circular economy;
therefore, we placed it under both ‘‘traceability’’ and ‘‘circular economy’’.
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application domains the papers focused on are shown in
Table 1. Seventeen out of the 42 papers focus on the supply
chain and logistics. Five papers are about manufacturing
and industry 4.0. Five papers are on smart cities, covering
several sub-domains, such as energy, transport, health, and
waste management. In addition, energy, transportation and
finance (including Bitcoin) domains each has two papers.
Smart villages and forestry each has one paper. A few of
our analyzed papers focus on a particular theme. Four papers
focus on studying the traceability aspect of blockchain while
three papers discuss blockchain from the circular economy
perspective. The other themes studied by one paper include
standards, law and policy, fairness, and research topics. Four
of the 42 papers addressed two topics in Table 1.

All the papers were published in journals. Eight of the
studied papers were published in 2022, 7 published in 2021,
11 published in 2020, 10 published in 2019, 4 published
in 2018 and 2 published in 2017. The rapid increase in the
number of surveys in recent years shows a growing interest
in blockchain and sustainability. Table 6 in the Appendix
summarizes the included papers.

A. THE RESULTS OF RQ1
Blockchain’s potential impacts on SDGs are summarized in
Fig. 4, where the numbers in the boxes represent the targets
of the SDG. ‘‘G’’ in a box represents the SDG in general.
The green box indicates a positive impact on a specific tar-
get of the SDG or the SDG in general, while the red box
indicates a negative impact. A white box indicates that no
impact (either positive or negative) has been identified from
the reviewed papers. The results show that blockchain has
positive impacts on all 17 SDGs, with direct impacts on
76 SDG targets while negative impacts are experienced in
10 SDG targets of 8 SDGs3F.6 The impacts are summarized
in Table 2 and Table 3. A complete list of papers that show
blockchain’s impact on SDGs is given in Table 4 and Table 5
in the Appendix.

1) POSITIVE IMPACTS ON SDGS
Blockchain’s positive impact on sustainability can be classi-
fied into many codes, 24 categories, and 5 high-level themes:
economic, environmental, social, governmental, and legal
and regulatory, as shown in Table 2.

Below, the blockchain’s impact for each SDG is presented
in detail with concrete examples.

a: SDG 1 – NO POVERTY
This SDG ‘‘calls for an end to poverty in all its manifestations
by 2030’’ [64]. To explain SDGs and put the discussion in
context, as with this SDG, each subsection later starts with
an introductory paragraph on the specific SDG based on the
definitions from the online SDG explorer [64].

6We counted only the specific targets with direct impacts. If blockchain
only impacts an SDG in general (i.e., ‘‘G’’ boxes in Figure 4), it is not
included when counting.

TABLE 2. Thematic overview of blockchain’s positive impacts on
sustainability7.
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TABLE 2. (Continued.) Thematic overview of blockchain’s positive
impacts on sustainability7.

TABLE 2. (Continued.) Thematic overview of blockchain’s positive
impacts on sustainability7.

Blockchain contributes to SDG 1 through indirect
impacts, such as preventing fraud and corruption in
distributing food (So.58). Blockchain technology holds
potential for mitigating corruption and can ‘‘break down
the barriers that have impeded previous attempts to end
poverty’’ [61, pp. 235]. For example, a UN humanitarian aid
project distributed food in rural areas of Pakistan, utilizing
blockchain to register funds and all types of transactions to
assure transparency and security in the process [12]. Another
example is the application of blockchain in the delivery of
food vouchers to Syrian refugees [40], [65].

Cryptocurrency and blockchain’s decentralization fea-
ture aid in the fight against poverty (So.2) [65] claims that
a blockchain-based social currency may contribute to SDG 1.
An example from Cyprus where people began converting
money in their bank accounts to Bitcoin when the government
planned to seize cash in the country’s bank accounts has been
proclaimed to show the potential of using cryptocurrencies as
a potential tool to fight poverty [55].

Blockchain can address power imbalance and allow for
a fairer value distribution of the supply chain (So.2, So.5).
The Bext360 coffee project deployed blockchain to address
poverty and secure fairer and faster payment to smallholder
farmers [40]. Reference [39] gives an example of favorable
policy support compliant with the poverty alleviation strat-
egy, which encourages the development of blockchain-based
distributed photovoltaic (PV) projects, allowing PV owners
to sell energy through secure trading platforms and ensure a
steady income.

b: SDG 2 – ZERO HUNGER
The aim of this goal is ‘‘to end hunger and all forms of
malnutrition by 2030’’; and further, to achieve ‘‘universal
access to safe, nutritious and sufficient food throughout the
year’’ [64].
Blockchain leads to reduced food waste (Ev.3, Ec.2).An

untargeted food recall is the main cause of food waste [42].
Blockchain-based traceability can improve recall efficiency
and significantly reduce food waste and loss. It is an effi-
cient tool to meet consumers’ concerns about the origin of

7We give only one or two reference papers for each code in this overview
table. For details, please refer to the description in Section IV.A.1.

8The number here and in the following subsections refers to the code
number in Table 2.
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their food and drinks and improve traceability and integrity
in global food supply chains. Tracking food products can
also help in the fight against fraud and counterfeiting of
products, ensure food quality and reduce food recall and
waste [38], [41], [42], [44], [46], [47], [48], [56], [58], which
contributes to secure access to safe, nutritious and sufficient
food (SDG target 2.1). Several use cases related to traceability
in the food supply chain have been analyzed in [38], for
example, Alibaba (‘‘Food trust framework’’ in global food
supply chains), Walmart (tracking of Chinese pork and U.S.
mango), Intel (seafood supply chain) and Bext360 (coffee
supply chain).

Blockchain facilitates sustainable agriculture (So.7).
Blockchain technology combined with IoT and big data anal-
ysis can improve crop or food production and encourage food
producers to pursue sustainable practices in agriculture (SDG
targets 2.3 and 2.4) [56]. Reference [54] recommends using
blockchain and smart contracts in the plantation, in harvest-
ing and in the milling process in the palm oil industry, for
instance, using blockchain to enhance product traceability
across the supply chain and using smart contracts to decide
the premium price of products with good quality. Belagricola
tracks grains and ensures their quality with the help of IoT
and smart contracts, where warnings can be sent via a smart
contract to prevent further damage when abnormal conditions
are detected by IoT sensors [42]. References [56] and [66]
have analyzed blockchain’smain applications in the agri-food
value chain, namely, in traceability, manufacturing, informa-
tion security and sustainable water management (e.g., water
trading for smart irrigation and water control systems for
sustainable irrigation); and outlined blockchain’s potential
and implications for performance improvements in the agri-
food value chain, for example, regarding food safety, quality
and traceability.

c: SDG 3 – GOOD HEALTH AND WELL-BEING
This third SDG aims to ‘‘ensure health and well-being for all,
at every stage of life’’ [64].

Blockchain supports secure and trustworthy infras-
tructure for healthcare applications (So.1). This impact is
brought about by blockchain’s ability to ensure the trans-
parency of medical data and improve trust in transactions
in the medical value chain. A good number of applications,
such as [2], [10], [29], [38], [56], and [65], in the health-
care domain (contribute to SDG target 3.8) are related to
this factor. Blockchain can significantly reduce the devel-
opment cost for new drugs and diagnostic tools due to
improved transparency and trust [2]. Example use cases
include medical data-sharing among cloud service providers
using blockchain-enhanced data security [55], medical data
access control associated with tracking sensitive data and
enhanced security utilizing the immutability and autonomy
of blockchain and improving clinical trial processes with
security mechanisms to avoid unauthorized manipulation [2].

Blockchain leads to automatic medical regulatory
and standards compliance (Lr.1, So.7). IoT-integrated

blockchain traceability can be used to monitor and track
conditions (including pollution) in the food and medical
product supply chain while smart contracts can automati-
cally verify and enforce compliance to quality control and
regulatory requirements [46]. These capabilities contribute to
several targets in SDG 3, including SDG targets 3.3, 3.5 and
3.9. Examples include the Chronicled, Modum and Gemalto
use cases illustrated in [38]. A blockchain-enabled system
focused on real-time tracking of cannabis plants from produc-
tion to destination to prevent their diversion to illegal markets
[2] is an example that touches on SDG 3.5 (drug abuse).

Blockchain can create transparent, interoperable and
connective networks, which could make COVID-19 ‘‘a
compelling case for the wider integration of blockchain’’,
according to the World Economic Forum (WEF) [67, pp. 1].
For example, Spanish researchers piloted using a blockchain
App to monitor the pandemic outbreak and support health
officials in making smart decisions [10], [68]. Blockchain
also facilitates systems in improving municipal health
indices, reducing garbage deposited in a municipal landfill,
and potentially reducing diseases [65] (impacts on SDG
targets 3.3 and 3.9). Furthermore, blockchain-empowered
origin tracking and traceability in the food supply chain can
ensure food safety and address the challenge of foodborne
outbreaks for retailers [44], [49].

d: SDG 4 – QUALITY EDUCATION
This SDG aims to ‘‘ensure inclusive and equitable quality
education and promote lifelong learning opportunities for
all’’ [64].

Blockchain provides immutable and auditable certifi-
cates of learning achievements (Lr.3). Blockchain ensures
secure and tamper-proof storage of educational data and doc-
uments and facilitates secure and privacy-preserving sharing
and verification of learning achievements. Various applica-
tions of blockchain-based systems for education and learning
have been proposed, for example, [2], [10], and [56], to keep
an immutable and secure record of the educational process,
including data-sharing and storage, verification of student
records, and accreditation. The purpose is to improve digital
platforms for decentralized learning and in particular, those
related to life-long volunteering in personal development (the
so-called volunteer services [2]), protect copyrights and digi-
tal rights, maintain the trustworthiness of educational certifi-
cates and intellectual rights and mitigate fraud and establish
a scholarly reputation.

Blockchain improves awareness and transition to
sustainable practices (So.3). Regarding SDG target 4.7,
an example is an application [65] which utilized blockchain
to create awareness among young people and children about
ecologically correct behavior and encourage recycling solid
domestic wastes by motivating and training people.

e: SDG 5 – GENDER EQUALITY
This fifth SDG aims to ‘‘achieve gender equality and
empower all women and girls’’ [64].
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Blockchain contributes to inclusion and equality (So.9).
The literature studied did not provide examples and use cases
directly related to this SDG. However, the blockchain imple-
mentation could influence or catalyze democratization pro-
cesses besides promoting transparency and accountability in
institutions and amongst stakeholders. Blockchain can verify
and authenticate human identity, provenance and transactions
and offer transparency and accountability, contributing to
breaking down the barriers to reduce inequality [61], thus
having potential positive impacts on gender equality.

f: SDG 6 – CLEAN WATER AND SANITATION
This SDG aims to ‘‘ensure the availability and sustainable
management of water and sanitation for all’’ [64]. This
domain is said to be at ‘‘the very core of sustainable develop-
ment’’ because access to clean water is critical to the survival
of people and the planet in general [64].

Blockchain improves access to affordable and reliable
water resources (So.6, So.7, Ec.3). Combined with IoT,
blockchain’s ability to improve the monitoring and track-
ing of products and processes also applies to water quality
and consumption. Regarding SDG targets 6.3, 6.4 and 6.5,
blockchain can be used to monitor water quality and con-
sumption, and regulate water usage for different areas, with
benefits like enhanced security and transparency, reduced
operational cost and overall efficiency [27], [46], [56], [69].
A blockchain-based gaming platform for water consumption
efficiency was mentioned in [2], where blockchain mecha-
nisms were utilized to engage users and ensure correctness
and privacy-preservation in water consumption reporting.

g: SDG 7 – AFFORDABLE AND CLEAN ENERGY
This SDG aims to ‘‘ensure access to affordable, reliable,
sustainable, and modern energy for all’’ [64].
Blockchain provides a secure and trustworthy infras-

tructure for energy systems (So.1). Energy is a domain
where many blockchain-based use cases and systems have
been proposed and implemented [2], [10], [12], [27], [29],
[39], [54]. Blockchain technology can overcome the obstacles
that have hindered previous attempts to deliver sustainable
energy. Reference [12] proposed a blockchain applications
framework in smart grid security and data protection with
blockchain as a cyber-layer, illustrated blockchain-based
microgrid automation and analyzed blockchain’s readiness
in the smart grid. As real-life examples, the paper also listed
corporations that play the role of retail energy intermediaries
and exploit blockchain to become more affordable and com-
petitive. Blockchain has been adopted as a countermeasure
to cyber-physical attacks, enhancing the power grid’s secu-
rity, privacy and robustness [12]. Blockchain also guarantees
smart meter readings’ transparency and data security in Smart
Energy Grids [2], [27].

Blockchain improves access to affordable and reliable
energy resources (So.6). Regarding SDG target 7.1 (access
to affordable and reliable energy services),blockchain has
been used to facilitate and enhance energy services and new

business models, such as peer-to-peer (P2P) energy trading,
electric vehicle (EV) applications, grid security applications,
microgrid operations, and control applications [12], [56]. The
increasing installation of distributed energy systems (such as
rooftop solar photovoltaic (PV) panels, micro-wind or hydro
generation systems) leads to the increase of microgrids and
the emergence of prosumers, who produce and consume elec-
trical energy in a local area. Microgrids increase the utiliza-
tion of local energy generation, as they can reduce energy loss
and thus improve energy efficiency. Microgrids are consid-
ered more resilient than traditional centralized power plants
and are also referred to as citizens’ utilities due to the energy
generation and distribution at citizen level [12], [55].

Blockchain enables new energy business models (Ec.6,
So.5). Blockchain plays a significant role in energy trading,
for example, for prosumers, energy storage systems and EVs.
It also supports new business models on P2P energy trad-
ing transactions [2], [12], [27], [56]. Regarding SDG target
7.2 (increasing the share of renewable energy), blockchain
supports secure, reliable and efficient energy trading of dis-
tributed renewable energy (e.g., PV, wind and hydro) based on
P2P decentralized architecture, smart contract and automatic
negotiation, verifiability and traceability. Two papers have
analyzed the role of blockchain in improving the competi-
tiveness and sustainability of distributed PV [39] and palm
oil industries [54]. Replacing fossil diesel with palm-derived
biodiesel can effectively reduce CO2 emissions and alleviate
fossil fuel dependency [54]. Blockchain can be used bymulti-
ple stakeholders to make the palm oil industry sustainable by
utilizing blockchain’s features related to traceability, cyber-
security and smart contracts for fair pricing.

Blockchain enables improved energy efficiency (Ec.3).
Regarding SDG target 7.3 (improving energy efficiency),
blockchain offers transparency and real-time information and
improved traceability, enabling reliable real-time data analy-
sis of energy transactions and strengthening energy resource
planning and management [10], [27].

h: SDG 8 – DECENT WORK AND ECONOMIC GROWTH
This SDG aims to ‘‘promote sustained, inclusive and sustain-
able economic growth, full and productive employment and
decent work for all’’ [64].

Blockchain improves efficiency and reduces cost (Ec.1,
Ec.3). Blockchain has been used to ensure security, privacy-
preservation and transparency in real-time information-
sharing and to reduce information asymmetry between
stakeholders [14], [16], [18]. Transparency, visibility and
real-time information can enable efficient resource-allocation
and improved decision-making. Disintermediation and smart
contracts can automate business processes and improve pro-
cess and operational efficiency. Together, they contribute
to cost-reduction related to, for example, execution of
payments, automatic change of goods ownership in the
supply chain, execution of energy-trading transactions as
well as processes in smart manufacturing related to ‘‘search-
ing, negotiation, transaction, and tracing, and carrying out
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integration’’ [17, p. 3]. Blockchain enables fine granular
traceability, reducing recall costs significantly [24], [29].
Furthermore, it can automate supply chain certification pro-
cesses and reduce regulatory compliance costs [29], [38].
Automation eliminates paper records, saving time and cost.
Blockchain can enhance coordination and improve efficiency
in supply chains. [14] has detailed the benefits of blockchain
adoption, which, among others, include enhanced job perfor-
mance, reduced rework and recall, reduced transaction delay,
increased efficiency in trade contracts and harmonization of
conflicting objectives.

Blockchain enables inclusive financial services (Ec.5).
Blockchain has created new jobs and business models, for
example, within supply chain finance domains [16] and has
also extended revenue streams [17]. Blockchain has been
exploited to enable new business models and new services,
for example, P2P models in P2P lending, leasing and financ-
ing, P2P energy trading as well as connected vehicle services
and other new types of business models for the automotive
industry [2], [18], [56]. Furthermore, blockchain’s inher-
ent features promote a collaboration-based sharing econ-
omy and provide even value distribution [16]. For example,
blockchain presents a secure and transparent infrastructure
for a social production model where the created value and
rewards are distributed fairly among the contributors through
a cryptocurrency-based economy [2]. All the above con-
tribute to industry competitiveness, economic productivity
and growth as well as resource efficiency, impacting SDG
targets 8.1–8.4.

Blockchain’s decentralization and cryptocurrency
leads to financial inclusion (Ec.5, So.9). Blockchain allows
for re-balancing of power and fairer value distribution,
enabling innovations in financial services and contributing
to financial inclusion. This has positive impacts on several
SDG targets which address financial inclusion from various
aspects: 1.4 (equal rights to economic resources and financial
services), 2.3 (small-scale food producers’ access to financial
services), 8.3 (encourages SMEs’ growth through access
to financial services), 8.10 (inclusive access to banking,
insurance and financial services), 9.3 (increased small-scale
industrial enterprises’ access to financial services), and 10.2
(economic inclusion of all). As the same examples and use
cases can illustrate blockchain’s impacts on these differing
targets, we present them together in the following paragraph
to avoid repetition.

The original applications of blockchain and cryptocurrency
were in the finance and banking sector. However, the applica-
tions have been extended to other sectors where blockchain is
used to enhance e-commerce platforms and ownership man-
agement systems [2]. Using blockchain technology to support
cryptocurrencies is instrumental in facilitating the adoption
of microfinance or remittances for rural smallholder farmers
and their families as transaction costs can be reduced by
eliminating intermediaries [55], [56]. Notably, blockchain-
based financial service platforms are beneficial to SMEs,
which generally have difficulty raising funds. Examples of

such platforms include Chained Finance and IBM’s finan-
cial services platform for supply chains [40]. Reference
[65] described an example of a blockchain-enabled system
that offered additional earnings to low-income families and
boosted the local economy via green money circulation.
Blockchain’s decentralized network, consensus mechanism
and data integrity allow everyone to generate content, par-
ticipate in the entire product lifecycle and collaborate effi-
ciently, promoting the inclusion of SMEs and consumers in
matters such as collaborative product design and open and
social manufacturing [17]. Smart contracts have been piloted
in financial transactions and settlements, such as the digital
wallet blockchain initiative for automated payment in EV
charging and automatic payment for the transfer of cargo
ownership in supply chain management [40]. Smart contracts
have been applied to financial loan management to process
loans or subsidies among SMEs or people in rural areas [56],
for example, lower interest rates are given to companies com-
mitted to fulfilling the CSPO standard based on the CSPO
certification status [54].

Blockchain ensures human rights and fair working
conditions and reduces unethical and illegal practices
(So.5). This impacts SDG targets 8.5, 8.7 and 8.8, for exam-
ple, through monitoring and tracking sustainable conditions
and implementing or managing suitable corrective activi-
ties [14], [19], [30], [38], [46], [61]. Blockchain is a tool
for verifying sustainability with meaningful and quantifi-
able indicators [16]. Blockchain-empowered traceability can
monitor and verify working conditions and practices, such as
child labor, modern slavery in industry, and other discrimina-
tion or inequality related conditions. Therefore, blockchain
can secure human rights, fair working practices and fair
trade and potentially stop unethical and illegal practices.
This also contributes to reducing inequality and eliminating
discrimination.

i: SDG 9 – INDUSTRY, INNOVATION AND INFRASTRUCTURE
This SDG aims to ‘‘build resilient infrastructure, promote
inclusive and sustainable industrialization and foster inno-
vation’’ [64].
Blockchain leads to industrial sustainability (Ec.4,

Ec.2, Ec.3, So.1, So.7). Blockchain’s impact on SDG tar-
get 9.2 (inclusive and sustainable industrialization) comes
through enabling secure and reliable manufacturing systems
with automated workflows and efficient operations [10].
Smart and sustainable manufacturing is based on the indus-
trial IoT that utilizes ad-hoc connections of numerous sensors
and connected devices to monitor and track product life cycle
and automate workflows. Blockchain provides a resilient and
sustainable ICT infrastructure for smart manufacturing and
industry 4.0 [10], [13], [17], [19], [38], [46], [60] and helps
address challenges in sustainable manufacturing and product
life cycle management [17].

The application of blockchain in software-based manufac-
turing can increase productivity and quality control, reducing
costs, such as tracking in inspections, inventory management,
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maintenance or recycling tasks and ownership issues. The
Renault use case [18] is an example of implementation
that connects each car’s maintenance book to the vehicle’s
blockchain-enhanced digital twin, where blockchain offers
benefits like tamper-proof data, traceability and visibility.

Blockchain helps in verification of intellectual prop-
erties and digital rights (Lr.3). Regarding SDG target 9.5
(scientific research and innovation), blockchain can encour-
age, support and enhance open innovation and open science
in accessing to the scientific results and the scientific process.
For example, blockchain is used to credit researchers for their
respective scientific work and protect authors and software
owners’ intellectual properties and digital rights, ensuring
the sustainability of scientific research and innovation [2].
Blockchain facilitates the management of digital copyright
and helps to protect design from plagiarism and theft, con-
tributing to sustainable buildings [52].

j: SDG 10 – REDUCED INEQUALITIES
The aim of SDG 10 is to ‘‘reduce inequality within and
among countries’’ [64]. This SDG emphasizes inequalities in
income and those based on age, sex, disability, race, ethnicity,
origin, religion, or economic or other status within countries.
Regarding inequalities among countries, this goal addresses
‘‘those related to representation, migration and development
assistance’’ [64].
Blockchain promotes social equality and inclusion

(So.9).A blockchain network has inherent equality and inclu-
sion in theory. All participants have similar power. There is
no central authority. Everyone has access to an identical copy
of data (transparency and information symmetry) and every-
one can participate in decentralized decision-making based
on consensus mechanisms. This allows for re-balancing of
power and fairer value distribution, offering opportunities, for
example, for small businesses [40].

Corruption and manipulation of reputation data or ratings
in centralized services, including banks and governments,
impedes the trust needed to ensure equal and fair distri-
bution of power and wealth in any society or economy.
Blockchain creates trust between users and content and facil-
itates fair trade by coordinating conflicting interests towards
common goals [61]. It can secure and establish good trust
among parties involved in the value chain based on decen-
tralization, accountability and transparency, trust and risk-
reduction. Decentralization and transparency supported by
blockchain can benefit less powerful parties in the supply
chain [40], [70]. This has the potential to socially integrate
low-income, marginalized or market-restricted groups into
the formal market [65].

Regarding political inclusion and decision-making,
blockchain allows for collaborative and decentralized
decision- making, for example, e-voting [27], collaborative
product design and crowdsourcing in manufacturing [17]
and collaborative urban decision-making [2]. Blockchain’s
applications in banking and financing systems based on
cryptocurrencies have social implications in changing

organizations, and this has a bearing on SDG targets 10.5
and 10.6.

k: SDG 11 – SUSTAINABLE CITIES AND COMMUNITIES
This goal aims to ‘‘make cities and human settlements inclu-
sive, safe, resilient and sustainable’’ [64]. It is specifically
targeted at urban areas, based on the rationale that cities and
human settlements can function as incubators for innovation
and ingenuity, driving sustainable development.

Smart contracts prevent fraud and double registra-
tion of properties (Lr.3, So.5). Regarding SDG target 11.1
(access to adequate, safe, and affordable housing), [27] dis-
cussed how smart contracts could facilitate property, land
and housing registration and, in general, support property
development processes, particularly to avoid issues related to
fraud and double registration.

Blockchain improves road traffic safety and sustain-
ability (So.8, So.1, Ev.4). Blockchain provides privacy pro-
tection, secure and privacy-preserving data exchange and
communication. It can solve trust challenges for vehicle
networks and Intelligent Traffic Systems (ITS), providing a
basis for a large number of sustainable and safe transport
services, systems and business models through innovations
based on electric, connected and autonomous vehicles [2],
[18], [27], [29]. Compared to the mainstream centralized
ITS system, blockchain is expected to enable a decentral-
ized, secured, and trusted autonomous ITS ecosystem and
facilitate the management of digital and physical assets [2].
Blockchain smart contract enables automatic negotiation for
EV charging services, stimulates EV market growth and
reduces greenhouse gas (GHG) emission [2], [12], [18], [29].
Blockchain’s transparency and security mechanisms facili-
tate fraud reduction in vehicle information management and
remote vehicle software version updates [2]. Furthermore,
blockchain’s features of secure data storage and verification
of digital identity can address problems caused by the rise
of the sharing economy and collaborative consumption, such
as trust issues and stranger-sharing. For example, in ride-
sharing services, blockchain can securely verify the digital
identities of the drivers or customers and grant them access to
the data of shared vehicles through verified digital identities
[27]. Cryptocurrency can be used as a financial incentive for
urban transportation sustainability, for example, by motivat-
ing urban cycling [2].

Blockchain promotes environmentally friendly prac-
tices (So.3, Ev.1).Regarding SDG target 11.6 (environmental
impact of cities, focusing on air quality and waste manage-
ment), blockchain’s traceability and transparency are used for
protection against fraud and waste reduction and manage-
ment [2], [17], [27], [53], [65]. Blockchain’s visibility and
transparency and cryptocurrency can motivate a transition to
sustainable practices, such as recycling and efficient (solid
and electronic-) waste management as well as sustainable
behavior among motorists and other road-users [2], [29].

In combination with IoT, blockchain technology can be
used for transparent and secure monitoring and tracking of
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the level of pollutants, increasing awareness of environmental
impacts, for instance, regarding air quality and pollutants,
thus contributing to CO2 emission reduction [2], [27].

l: SDG 12 – RESPONSIBLE CONSUMPTION AND
PRODUCTION
This SDG calls for ensuring ‘‘sustainable consumption and
production patterns’’. Here, it is emphasized that ‘‘economic
growth and development require the production of goods and
services that improve the quality of life’’, and that ‘‘sustain-
able growth and development require minimizing the natural
resources and toxic materials used, and the waste and pollu-
tants generated’’, throughout the production process as well
as during consumption [64].

Blockchain encourages responsible consumption and
production (Ev.3, So.7, Ec.6). Blockchain applications can
improve decision-making based on real-time data collec-
tion and analysis and facilitate the efficient use of natu-
ral resources (SDG target 12.2) [2], [13], [14], [16], [17],
[19], [38], [46], [48], [50], [51], [52], [53], [57]. Regard-
ing SDG target 12.5, blockchain’s data transparency and
traceability can enable a circular economy [47], [56], [59],
[60], and reduce waste through better decision-making
and planning based on product life cycle data [60]. For
example, using an IoT-integrated blockchain system, accurate
and tamper-proof data on product life cycle can be pro-
vided as reliable information for effective circular economy
planning regarding product recycling and remanufactur-
ing [17]. In addition, waste reduction and management as
described under SDG 11.6 (see Section IV.A.1.11), and
in particular, a solid waste management and an e-waste
handling system using blockchain [2], [29], are examples
of blockchain’s potential impacts on SDG targets 12.4
and 12.5.

Blockchain enhances the reputation of companies fol-
lowing sustainable practices (Ec.2, So.7, So.3, Ev.1). This
impacts SDG target 12.6 (encourage companies to adopt sus-
tainable practices and incorporate sustainability information
in the reporting cycle) and 12.8 (‘‘ensure relevant information
and awareness for sustainable development and lifestyles
in harmony with nature’’). Blockchain has the potential to
enable sustainability verification through more quantifiable
and meaningful indicators [38].

Blockchain’s transparency and traceability enhance the
visibility of information related to sustainability, such as
carbon footprints in the supply chain, and can thus improve
the awareness of environmental impacts. Examples include
emission-trading based on carbon footprints in fashion
apparel manufacturing [17], using cryptocurrency as a reward
mechanism to motivate the recycling of solid domestic
waste [56] and plastic waste [60] and enabling efficient waste
management [2], [56], [65].

Awareness-raising can encourage people and organizations
to adopt sustainable behavior (SDG target 12.8). Traceability
as a strategic tool to monitor environmental impacts and
regulatory compliance can encourage companies to be more

sustainable (SDG target 12.6). As an example, blockchain
traceability provides tamper-proof data for carbon tax calcu-
lation, which will encourage companies to restructure their
supply chains to have lower carbon footprints [27]. In addi-
tion, companies in global supply chains face pressure for
increased traceability as they need to adapt to different poli-
cies in different areas. ‘‘By applying blockchain, globalized
standardization can be adaptable for all countries and regions,
and they can save companies from duplicative works’’
[42, pp. 5]. Furthermore, blockchain traceability is an afford-
ablemechanism for the differentiation of sustainable products
and practices from non-sustainable ones [54] and the facili-
tation of verification of eco-labelling and certifications [43].
Thus, it adds value and enhances the reputation of compa-
nies that adopt sustainable practices [57]. Further examples
include using blockchain and smart devices to advance car-
bon emission compliance and trading, for example, in the
fashion apparel manufacturing industry [2], [17], [41], [59],
and a reputation-based mechanism using blockchain to
encourage the adoption of a long-term solution for reducing
emissions [2]. By enabling users to precisely monitor their
energy use and the corresponding energy mix composition,
for instance, through trading certificates, blockchain can help
prevent energy wastage, promote the use of green energy and
decrease the use of fossil fuels [10].

m: SDG 13 – CLIMATE ACTION
This SDG call for ‘‘urgent action to combat climate change
and its impacts’’. Climate change is called ‘‘the single great-
est threat to development’’, and its impacts ‘‘dispropor-
tionately burden the poorest and most vulnerable’’. Thus,
combating climate change and minimizing its disruptions is
considered integral to successful SDG implementation [64].

Blockchain contributes to pollution reduction and helps
reduce environmental degradation (Ev.4, Ev.1, Ev.2, Ev.3,
So.3). Blockchain boosts an organization’s capability for
combating climate change (SDG target 13.1). For exam-
ple, in a blockchain-enabled sustainable supply chain and
logistics [14], [16], [42], [51], efficient resource allocation
and improved decision-making based on visibility and trans-
parency of data lead to a reduction in fuel and energy
consumption, lower greenhouse gas (GHG) emissions and
alleviation of pollution and environmental degradation [8].
In the energy domain, blockchain supports low-carbon energy
systems integrated with renewable energy as well as high
energy efficiency, such as the adoption of renewable energy
(see description of SDG 7 in Section IV.A.1.7) and the
substitution of conventional diesel with palm-derived bio-
diesel [54]. For low carbon mobility, smart contracts enhance
EV charging services and stimulate the EV market, and
blockchain-empowered new ITS and services reduce road
traffic congestion, improve safety, and reduce energy con-
sumption and pollution [29]. Other examples of blockchain’s
contribution to pollution-reduction include improved car-
bon emission compliance and trading [2], [14], constructive
involvement of citizens in environmental quality monitoring
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to boost awareness on city health [2], and waste reduction and
management [2], [29], [50], [65].

Regarding SDG target 13.2, from a policy perspective,
blockchain transparency improves visibility, which can bring
attention to the need for regulations within and between coun-
tries and catalyze the development of policies and regulations
for sustainable development [42].

Concerning SDG target 13.3 (awareness-raising and early
warning), building on blockchain’s features of informa-
tion sharing, transparency and decentralization, blockchain
applications are used in monitoring and tracking the level
of pollutants, improving air quality and pollutant aware-
ness and contributing to CO2 emission reduction [2],
[27]. Blockchain’s traceability also makes eco-labelling
and certifications related to sustainability verifiable and
trustworthy [43].

n: SDG 14 – LIFE BELOW WATER
This SDG calls for conservation and sustainable utilization of
‘‘oceans, seas and marine resources for sustainable develop-
ment’’. Apart from playing a significant role to the 37% of the
global population living in coastal communities, ‘‘coastal and
maritime resources contribute an estimated USD 28 trillion
to the global economy each year’’. Further, oceans ‘‘help
regulate the global ecosystem by absorbing heat and carbon
dioxide from the atmosphere and protecting coastal areas
from flooding and erosion’’ [64].

Blockchain improves the monitoring and protection
of sustainable use of the oceanic ecosystem (Ev.2, So.5).
A pilot project on blockchain-based traceability in the
Indonesian fishing industry is described in [38]. The tradi-
tional seafood source tracking system is based on paperwork,
and full quality control of seafood trade from hundreds of
boats is challenging. It lacks supervision and is plagued
by corruption, questionable practices and problems such as
fraud, overfishing and illegal, unreported, and un-regulated
(IUU) fishing. Blockchain helps mitigate against IUU fish-
ing and stop illegal practices, including slavery, through
traceability, transparency and stakeholder engagement [16],
[38], [71], thus contributing to fulfilling targets 14.1 to
14.5 [16], [71].

o: SDG 15 – LIFE ON LAND
This SDG aims to preserve diverse forms of life on land, call-
ing for efforts to ‘‘protect, restore and promote sustainable
use of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land degradation
and halt biodiversity loss’’ [64].

Blockchain facilitates monitoring and sustainable
use of the terrestrial ecosystem (Ev.2). For example,
a blockchain-based approach was used to monitor the sand
resource supply chain from mining to trading to prevent
illegal sand mining, thereby contributing to combating deser-
tification (SDG target 15.3) [2]. The sustainable palm oil
industry example mentioned in Section IV.A.1.7 can also
contribute to checking deforestation (SDG target 15.2) [54].

Blockchain is also used for the traceability of wood products
along the supply chain [16], [24], which has an impact on
targets 15.1–15.4. [57] categorized blockchain applications
in the forestry sector into traceability of forest-based prod-
ucts, forest management and forest fire detection, showing
potential in sustainable forestry, conserving biodiversity and
minimizing illegal logging (impact on targets 15.1-15.7).

p: SDG 16 – PEACE, JUSTICE AND STRONG INSTITUTIONS
The goal of SDG 16 is to ‘‘promote peaceful and inclusive
societies for sustainable development, provide access to jus-
tice for all and build effective, accountable and inclusive
institutions at all levels’’. It rests on the rationale that ‘‘peace,
justice, and effective, accountable and inclusive institutions
are at the core of sustainable development’’ [64].

Blockchain prevents unethical and illegal practices
and promotes peace (So.5). This has impacts on SDG
targets 16.1–16.5, for example, by reducing all forms of
violence, combating crimes, reducing corruption and bribery,
and uncovering and ending unethical and illegal practices
(e.g., fraudulency, unethical use of natural resources, child
labor) [27], [38]. As an example, Everledger’s diamond cer-
tificate system uses the blockchain traceability of diamonds’
provenance as a measure to eliminate the flow of diamonds
mined inside conflict zones for financing wars [38].

Blockchain leads to more accountable institutions at
all levels (Go.2, So.1, So.4). Blockchain guarantees account-
ability with timestamped, immutable and auditable data
and ensures transparency in value chains and amongst
stakeholders [2], [18], [30], [44]. Blockchain thus has a
noticeable impact on society, law, and governance at vari-
ous institutional levels. For example, blockchain allows for
the creation of a DAO, which has a potential impact on
organizational design [16]. The previous sections on SDG 8
and 9 have described blockchain’s positive impacts on var-
ious companies and organizations (manufacturers, supply
chain partners, energy providers, farmers, etc.) regarding
their effectiveness (improved efficiency), accountability and
inclusiveness, which are also good examples illustrating
blockchain’s impacts on SDG target 16.6.

Blockchain facilitates smart administration and gov-
ernance with collaborative urban decision-making (Go.1,
Go.2). Blockchain’s transparency and accountability impact
smart governance and administration [2], [27]. It imparts,
for example, improved efficiency (lower administrative cost,
etc.) in public administration regarding service delivery and
operation, accountable and transparent document-sharing,
and corruption and fraud-prevention based on enhanced
transparency.

An example of SDG target 16.4 (combating organized
crime) is Estonia’s e-residency and government-banked
cryptocurrency (Estcoin) planned use as a measure against
counterfeiting and illegal use of digital currency [55].
Another example is blockchain-empowered digital identity
and proof-of-ownership and digital rights [2].
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Regarding SDG target 16.5 (corruption and bribery reduc-
tion), governments can reinforce transparency and avoid
corruption [27], [38] by utilizing blockchain to store and
interconnect government records (incomes, expenses, con-
tracts, etc.), as well as to secure online transactions [16].
Blockchain is considered a peace engineering tool in the
context of e-voting [72]. For example, blockchain was used
in decentralized e-voting systems [10], [27] to eliminate
voter fraud. Blockchain ensures the anonymity, privacy, trans-
parency and traceability of the voting process, contributing to
SDG targets 16.5, 16.6 and 16.7. Blockchain-based applica-
tions for taxation can prevent tax revenue losses and prevent
duplicated tax refunds [11].

Regarding SDG target 16.7 (inclusive and participatory
decision-making), blockchain’s decentralization eliminates
central authority and control. It allows everyone to access
the same data and participate in a consensus-based decen-
tralized decision. At the same time, blockchain’s trans-
parency and immutability ensure transparency and integrity
of government information. This increases citizens’ trust and
encourages stronger inclusion and participation in democratic
decision-making and collaborative urban policy-making [10].
For example, in a disease spread scenario, blockchain
helps manage individual health data more transparently
and ethically, facilitating evidence-based collaborative
decision-making [2].

Regarding SDG target 16.9 (legal identity for all), digital
identity is one key application of blockchain and also the basis
for many other applications, for example, using blockchain
to securely store, share and authorize information on digital
identity and other information related to citizens, such as
national identity, passports, birth and death registration as
well as health and employment records [27], [56].

Regarding SDG target 16.10 (ensuring public access to
information and fundamental freedoms), various blockchain-
based systems, such as Dubai’s e-Democracy [27], have been
proposed to ensure that government documents can be shared
with the public more securely and reliably [2].

q: SDG 17 – PARTNERSHIPS FOR THE GOALS
This final SDG builds on the rationale that to achieve the
SDGs, a revitalization and enhancement of global partner-
ships, bringing together governments, civil societies, the pri-
vate sector, the UN system and other actors, is required.
This SDG aims to ‘‘strengthen the means of implementa-
tion and revitalize these global partnerships for sustainable
development’’ [64].

Blockchain facilitates the building of multi-stakeholder
partnerships (So.4). Blockchain provides computational
trust, reduces cyber-risks, assures information transparency
and symmetry for all participants, facilitating transparency
and accountability of the value chains and reducing risks.
Thus it can build trust and enhance collaboration and coopera-
tionwithmultiple stakeholders [2], [13], [16], [17], [24], [30],
[38], [40], [43], [45], [61], [73]. Using smart contracts can
improve trust and greatly speed up transactions, substituting

the letter of credit and securing partnerships [42]. In particu-
lar, blockchain facilitates the establishment of trust in a low or
no-trust environment and facilitates greater collaboration, for
example, among potential partners that have never met before
or may be far away from each other in complex global supply
chains [29]. This has positive impacts on targets related to
cooperation and collaboration and facilitates the building of
multi-stakeholder partnerships in pursuing sustainable devel-
opment globally; for example, as in SDG targets 17.16 and
17.17. Examples of applications of this advantage include
securing and establishing good trust among parties involved
in the value chain, reducing custody risk and securing own-
ership registration and cross-border asset transfers, transac-
tion verification, theft prevention, tracking disruption roots
and propagation, addressing the holistic sources of risk and
reducing inefficiencies in capacity reservations and backup
sources [13], [14], [17], [29], [38], [42].

Blockchain catalyzes the development of policies and
regulations (Lr.2). This has positive impacts on SDG target
17.14. Blockchain offers instruments for mapping norms,
frameworks and policy-making [61] and helps in the estab-
lishment of appropriate legal systems and environmental reg-
ulations [47]. For example, improved visibility facilitates the
determination and shaping of rules and governance norms at
various levels such as transport, logistics, and supply chains,
allowing for effective government supervision and enhancing
policy coherence for sustainable development of the transport
and logistics industry [14]. Blockchain can also help in the
achievement of global alignment in traceability and conser-
vation of natural resources, supporting global standardization
adapted to all countries [42].

Blockchain improves fair trade (So.5). Blockchain can
potentially solve the challenges related to fake customers
and personal reputation records falsification through trans-
parency and verifiability, thus facilitating e-commerce [24],
[44]. Blockchain can also simplify international trade finance
through global interoperability [61]. Benefits brought by
blockchain’s application in the supply chain and its role in
enabling trade, as estimated by the World Economic Forum
(WEF), ‘‘could increase worldwide GDP by almost 5% and
total trade volume by 15%’’ [44, pp. 8]. These will have
positive impacts on SDG targets 17.10, 17.11, and 17.12.

2) NEGATIVE IMPACTS ON SDGS
Blockchain’s negative impacts on sustainability are summa-
rized in Table 3.

Compared to blockchain’s positive impacts on SDGs,
we found very few discussions on negative impacts related
to sustainability although the challenges of blockchain tech-
nology were sometimes mentioned. Below is our summary of
the main negative impacts of SDGs from the surveyed papers.

Some blockchain technologies’ energy intensiveness
leads to wasted resources and high carbon footprints and
GHG emissions (Ev.5, Ev.6). Proof of Work (PoW) algo-
rithms like Bitcoin are considered environmentally costly due
to their energy intensiveness and wasted resources related to
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TABLE 3. Thematic overview of blockchain’s potential negative impacts
on sustainability9.

mining, validation of transactions and maintaining consensus
[9], [14], [18], [29], [55], [56], [62]. Thus, it has potential
negative impacts on SDG 7 (targets 7.1 and 7.3) regarding
energy consumption and energy efficiency, SDG 8 (target
8.4) and SDG 12 (target 12.2) regarding resource use and
efficiency as well as SDG 13 regarding carbon footprints and
GHG emission.

Costs and infrastructure, and training investment lead
to inequality (Ec.7, So.10, So.11). Blockchain requires a
high degree of computation, which affects its availability and
scalability. The adoption of blockchain technology requires
server infrastructure investment (including Internet connec-
tivity) and additional implementation costs. Hardware and
software upgrades are needed, resulting in increased costs
associated with devices, operation, maintenance and training.
In addition, lack of expertise and skilled personnel is another
barrier to the adoption of blockchain. These may hinder
blockchain as an affordable technology for all and, in par-
ticular, for developing or underdeveloped countries, SMEs
and small farmers with poor infrastructure and constraints in
finance and skill [38], [40], [46], [55], [56]. It would thus be
difficult to realize the full potential of blockchain in the global
supply chain, which depends on the participation of partners
in the whole supply chain. Such economic and knowl-
edge barriers have a potential negative impact on SDG 2
(target 2.3) regarding the accessibility of smallholder farm-
ers, SDG 8 (target 8.3) and SDG 10 (target 10.2) regarding
economic inclusion and SDG 9 (target 9.2) regarding afford-
ability and inclusiveness as well as increased consumption.

Anonymization and cryptocurrency may potentially
be used for illegal activities (So.12). Blockchain’s

9We give only one or two reference papers for each code in this overview
table. For details, please refer to the description in Section IV.A.2.

permissionless public systems might be used for illegal activ-
ities due to its anonymization. For example, cryptocurrencies
have been linked to drug and weapon trading, money laun-
dering and terrorism financing [9], [40], [55]. This indicates
potential negative impacts on SDGs; such as SDG target 16.4.

Blockchain can lead to job losses and job-reskilling
(So.10). Blockchain is based on disintermediation and dis-
tributed consensus. Blockchain adoption may result in
job losses for current intermediaries in the short term
and job-reskilling as new intermediaries offering new
blockchain-based services emerge [40], thus impacting
SDG 8 (target 8.5).

These negative impacts on SDGs highlight sustainability
aspect of the cost of adopting blockchain – the high infras-
tructure investment and implementation cost, the required
training for needed knowledge and expertise as well as
potential negative environmental impacts. The adoption of
blockchain in practice will need an assessment of the trade-
off between the benefits that it may bring and its associated
cost.

B. THE RESULTS OF RQ2
In RQ2, we tried to identify the key drivers and barriers to
adopting blockchain technology in practice to satisfy SDG
goals. The drivers are factors that motivate, enable and facil-
itate the adoption of blockchain while the barriers are factors
that hinder its adoption.

We followed the approach in [11] and classified the drivers
and barriers into four high-level themes: system-level (related
to the blockchain technology itself or the blockchain-based
systems), intra-organizational (related to internal activities of
organizations), inter-organizational (related to relationships
and collaborationwith partners) and external (related to exter-
nal stakeholders, industries, institutions and governments that
are not directly affected by an organization’s activities).

1) DRIVERS TO ADOPTING BLOCKCHAIN
1.1) System-level drivers (Dsys)
• (Dsys.1) Security and privacy mechanisms to address
cyber-security threats [2], [13], [14], [17], [18], [27],
[29], [39], [46], [52], [54], [56]. Blockchain technology
provides a good security and privacy assurance mech-
anism and algorithms.

• (Dsys.2) Functions that can be implemented using
smart contracts [14], [40], [42], [46], [48], [50], [51],
[54], [56], [60], [63]. Smart contracts enable automa-
tion and self-execution of predefined and mutually
agreed contractual conditions.

• (Dsys.3) Transparency and accountability (immutabil-
ity) of recorded data [14], [19], [42], [50], [51], [52],
[53], [56], [57], [59], [61], [63]. Blockchain’s feature to
provide transparent and trustworthy data address many
SDG challenges.

• (Dsys.4) Tamper-proof and finer-granular traceabil-
ity [13], [14], [17], [18], [19], [27], [29], [30], [38],
[42], [44], [46], [48], [51], [53], [56], [57], [59],

114990 VOLUME 10, 2022



S. Jiang et al.: Tertiary Review on Blockchain and Sustainability With Focus on SDGs

[60], [63]. The greater transparency and efficiency
in blockchain-based traceability motivate people to
use blockchain in improving sustainability tracking
system.

• (Dsys.5) Decentralized architecture and governance
[18], [50], [51], [52]. Blockchain’s decentralized archi-
tecture means high network resilience and no single
point of failure, enabling many SDG applications.

• (Dsys.6) Digital certification, verifiable digital docu-
ments, and indicator measurements for assessing indi-
cators of sustainability and quality [16], [38], [46],
[48], [51], [53], [59]. This provides the possibility to
verify sustainability with meaningful and quantifiable
indicators.

• (Dsys.7) Cryptocurrency, social currency and financial
services (microfinance etc.) [9], [40], [46], [50], [55],
[56], [60]. These enable and support many blockchain-
based applications.

• (Dsys.8) Possibility of being combined with disruptive
technologies (IoT, Big data, AI, etc.) [14], [42], [46],
[50], [56], [59]. Combing blockchain and disruptive
technologies improves the applicability of blockchain
in different domains.

• (Dsys.9) Addressing the challenges due to an increase
in smart and connected devices [27], [29], [44].
Blockchain is a communication technology with a
secure and decentralized architecture that offers secure
solutions which traditional cyber-security approaches
cannot solve.

1.2) Intra-organizational drivers (Dintra)
• (Dintra.1) Upper-level management support [17].

On one hand, blockchain is an emergent technol-
ogy and needs upper-level management support to
be adopted. On the other hand, it can help busi-
nesses succeed through effective management of the
organizational culture (goals, strategies, structures and
shareholders) [47].

• (Dintra.2) Key resource transparency [17]. Blockchain
applications need more visible, traceable, and
dis-intermediary access to key resources.

• (Dintra.3) Decentralized decision-making within an
organization [17]. A decentralized decision mecha-
nism will ease the adoption of a blockchain-based
application.

• (Dintra.4) Automated business processes and handling
[14], [16], [38], [44]. Having real-time information-
sharing, verification, and compliance checking could
smoothen the use of smart contracts.
1.3) Inter-organizational drivers (Dinter)

• (Dinter.1) Transparency, visibility and real-time infor-
mation sharing among different parties [2], [14], [17],
[18], [29], [30], [38], [41], [42], [44], [45], [48], [49],
[50], [51], [54], [56], [58], [59], [60], [63]. Trans-
parency in value chains and amongst stakeholders
and timely sharing of data enables blockchain-based
applications.

• (Dinter.2) Computational trust across multiple entities
[17], [40], [47], [48], [53], [56], [63]. ‘‘Trust is the
most influential factor driving interest in the blockchain
within supply chain management’’ [40, p. 71], and,
here, computational trust refers to ‘‘the reliability of
the information provided by trade partners, or the
safety and security of the data managed by a central
authority’’ [40, p. 71]. Blockchain applications need
high-quality data inputs to deliver value.

• (Dinter.3) Decentralization across organizations [29].
Many blockchain-based applications need efficient
information exchange and transactions, high data
availability, decentralized decision-making, and self-
organized collaboration.

1.4) External drivers (Dext)
• (Dext.1) Policy and regulation support [39], [47]. From

a policy perspective, it is necessary to have favor-
able policies, such as the requirements supporting the
development of blockchain applications in distributed
photovoltaic (PV) industry, for blockchain adoption
[39]. Furthermore, blockchain technology provides
secure and transparent information for governmental
bodies and businesses to support appropriate legal
systems and environmental regulations for sustainable
development [47].

• (Dext.2) Regulatory and standards requirements
related to product quality, public safety and security
[2], [11], [14], [24], [29], [38], [40], [42], [43], [48],
[49], [54]. This is related to requirements of environ-
mental regulations and rules touching on things such
as medicine transportation and storage requirements.
These are requirements related to food and medicine
safety, water and waste management.

• (Dext.3) Consumers’ increasing concern about product
provenance (i.e., origin) and demands on sustainable
products and practices [11], [17], [19], [24], [29], [38],
[42], [43], [46], [48], [49], [54], [57], [59]. Increasing
expectations on traceability lead to higher demands for
blockchain-based applications.

• (Dext.4) The increasing social awareness on sustain-
ability [30], [39], [43], [54], [59]. This puts high
demand on blockchain to get more real-time and trust-
worthy information related to environmental protection
and sustainable practices.

Fig. 5–Fig. 8 summarize the relationship between the drivers
of blockchain and it’s impacts on SDGs. The drivers consid-
ered very important (∗∗) or important (∗) are marked with
stars. This prioritizing is based on i) the weighting of the
respective driver in the reviewed literature (howmuch empha-
sis it is given), and ii) its diffusion in the research mapped
(e.g., the number of works referring to it, how often it is
mentioned).

In general, there are a higher number of drivers related to
system level and relatively few intra-organizational drivers
as compared to the other categories of drivers. Blockchain-
enhanced traceability is one of the most widely adopted use
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cases for blockchain, especially in supply chains. There-
fore, the system-level driver of tamper-proof traceability
(Dsys.4) and the inter-organizational driver of transparency
and information sharing (Dinter.1) are most emphasized in
the reviewed literature. External drivers related to regula-
tory requirements (Dext.2) and consumers concern (Dext.3)
regarding product quality and security are also pointed to
as major drivers for blockchain adoption for sustainabil-
ity purpose. System-level drivers like security and privacy
(Dsys.1), smart contracts (Dsys.2), transparency and account-
ability (Dsys.3) and decentralization (Dsys.5) are based on
the key features of blockchain and are important factors for
blockchain adoption for sustainability. Automated business
processes and handling (Dintra.4) enabled by the adoption of
blockchain and smart contracts is an important driver for busi-
nesses and organizations to achieve economic sustainability.

2) BARRIERS TO ADOPTING BLOCKCHAIN
2.1) System-level barriers (Bsys)
• (Bsys.1) Access limitation to the required technology,
tools, and infrastructure [11], [16], [24], [38], [51],
[59], [60]. Internet connectivity is a challenge to rural
areas or open seas with a lack of or limited access to
broadband Internet.

• (Bsys.2) Immature technology in an early develop-
ment phase [8], [14], [16], [18], [29], [44], [46], [53].
The immaturity leads to technological vulnerabilities
and the perception of insecurity or unreliability, thus
impeding stakeholders’ readiness for adoption. There
are a number of technical challenges to be tackled, such
as those related to resource-intensive and inefficient
consensus algorithms [9], [13], [17], [24], [44], [55];
the energy intensiveness of processing, key algorithms
and computations within the blockchain [9], [13], [14],
[24], [44], [55]; scalability and performance challenges
[2], [8], [9], [12], [13], [14], [16], [17], [18], [24], [29],
[41], [42], [44], [46], [48], [50], [55].

• (Bsys.3) Negative effect of immutability on erroneous
data [11], [16], [29], [40]. Mistakes are irreversible and
may increase transaction costs.

• (Bsys.4) Lack of new business models, standard tools,
methods, best practices and indicators [11], [14], [16],
[17]. This can hinder the implementation and measure-
ment of new solutions and sustainability practices.

• (Bsys.5) Cyber-security challenges [9], [11], [17],
[18], [40], [41], [46], [50], [53], [59]. Although
blockchain-based applications are more secure than
some IT technologies, there are still many blockchain-
related vulnerabilities to cyber-attacks that need to be
addressed.

• (Bsys.6) Reduced privacy due to transparency [8],
[9], [13], [14], [17], [24], [44], [46], [53]. Blockchain
technologies still have many data privacy-related chal-
lenges that need to be addressed.

• (Bsys.7) Lack of standards leads to interoperability
issues [11], [14], [16], [17], [18], [24], [40], [41], [46],

[48], [50]. Standards are needed to guarantee interop-
erability between blockchains and facilitate their inte-
gration with third-party or legacy systems. This lack of
standards hinders cooperation.

• (Bsys.8) Risks related to raw datamanipulation, human
errors, compromised data users and physical manip-
ulative activities [9], [11], [12], [13], [14], [16], [17],
[18], [29], [38], [40], [42], [48], [60]. Input data qual-
ity affects transparency and accountability. Blockchain
ensures cyber-security, data immutability and integrity,
but it is a challenge to guarantee the quality and correct-
ness of the input information and ensure that the digital
layer (data) corresponds to the physical layer (assets
represented by the blockchain).

2.2) Intra-organizational barriers (Bintra)
• (Bintra.1) Investment in infrastructure and addi-
tional resources [11], [14], [16], [17], [24], [29],
[38], [42], [46], [48], [49], [51] [53], [55],
[59]. Implementing a blockchain-based applica-
tion incurs an additional implementation cost
besides requiring hardware and software upgrades.

• (Bintra.2) Lack of knowledge and expertise [8],
[11], [14], [16], [18], [24], [29], [40], [42], [44],
[48], [55], [60]. Insufficient knowledge may lead
to exaggerated faith in blockchains and misinfor-
mation regarding them, such as associating Bitcoin
with fraud and illegality. A lack of understanding
of blockchain potential can significantly impact
stakeholders’ attitudes and their willingness to
change.

• (Bintra.3) Lack of management awareness and
commitment [11], [14], [16], [17]. This holds back
transitioning to more sustainable practices using
blockchain-based applications.

• (Bintra.4) Lack of new organizational policies
regarding the use of blockchain technology [11],
[14], [16]. Blockchain adoption may change or
transform existing organizational culture or hier-
archy. New policies need to be defined regarding
the new roles, responsibilities, and expertise for the
transition.

• (Bintra.5) Stakeholders’ hesitation and resistance to
change [11], [14], [16], [17], [18], [24], [29], [40],
[44], [48], [53]. This can be due to skepticism towards
the transparency of blockchain, doubt or resistance to
changes in organizational culture or hierarchy resulting
from a transition, a reluctance to change to new systems
due to inertia of legacy systems, a fear of losing revenue
models and intermediaries’ fear of being removed from
the value chain.

2.3) Inter-organizational barriers (Binter)
• (Binter.1) Organizational and cultural differences
[11], [16], [29]. The differences can lead to com-
munication challenges.

• (Binter.2) Unwillingness to share valued informa-
tion [11], [14], [16], [40]. This can be caused by
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FIGURE 5. System-level drivers and impacts on SDGs.

a concern about reduced privacy or information
assumed to give a competitive advantage.

• (Binter.3) Lack of policy and robust rules regarding
information-sharing or addressing lost or stolen
data [11], [14], [16], [29]. Missing such sup-
port can affect the collaboration and adoption of
blockchain.

• (Binter.4) Lack of customers’ awareness and inten-
tion to contribute to sustainability [11], [16], [17],
[24]. People may not understand the benefits of
green certification schemes and may have a low
willingness to pay more for sustainable products
or products produced with greater transparency.

• (Binter.5) Interest conflicts/lack of effective collab-
oration [11], [14], [16], [17], [18], [42]. Different
stakeholders have different needs, requirements,
and premises. There is a lack of collaborative
mindset and a lack of effective collaboration
mechanisms among stakeholders with conflicting
operational goals and priorities.

• (Binter.6) Lack of central authority [14], [16], [29].
This leads to a lack of trust and ‘‘lower confidence
about the effectiveness of a trustless distributed
paradigm’’ [14, pp. 11].

• (Binter.7) Network effect [14], [18], [38], [40],
[42], [46]. This is related to the required critical
mass of adoption and technology diffusion.

2.4) External barriers (Bext)
• (Bext.1) Lack of or unclear governmental policies
and regulations to guide and support sustainable
and safe practice [8], [9], [11], [14], [16], [18],
[29], [41], [42], [44], [48], [50]. This is related
to regulatory uncertainty due to the existence of
several regulatory environments with various rules,
such as the adoption of some aspects of smart
contracts potentially being overregulated or con-
sidered illegal [14], [44].

• (Bext.2) Lack of external stakeholders’ involve-
ment. This is related to missing ethical and safe
practices and the promotion of blockchain for sus-
tainable value creation [11], [16], [29], [50].

• (Bext.3) Market competition and demand uncer-
tainty for sustainable products [11], [16]. Com-
petition and unpredictable customer behavior
make it uncertain about recouping investments in
sustainable practices and new technology.

• (Bext.4) Lack of rewards and encouragement
programs associated with the application of
blockchain technology [11], [16], [50], [53].
People are skeptical about giving financial incen-
tives to data validators in a blockchain-based
system because ethical concerns reduce the
opportunities to use well-established blockchain
technologies.

• (Bext.5) Implementation of blockchain-based solu-
tions in global supply chains is a complex task [38],
[40]. This is because it has to conform to various
laws, regulations and institutions.

Most barriers to SDGs, influencing the adoption of
blockchain in general, are generic. However, some barriers
have specific consequences to SDGs as illustrated in Fig. 9.
These barriers considered are marked with stars to indicate
their relative degree – very important (∗∗) or important
(∗) – in a similar way as done for the drivers.
The biggest barriers to adopting blockchain for sustain-

ability are the system-level barrier related to the level of
immaturity and technical challenges of blockchain technol-
ogy (Bsys.2), with special emphasis on issues related to
scalability, and the external barrier related to unclear govern-
mental policies and regulations (Bext.1). In addition, intra-
organizational conditions related to the lack of knowledge
(Bintra.2) and investment costs (Bintra.1) as well as the
infrastructure requirement (Bsys.1) are considered major bar-
riers to adopting blockchain.

VOLUME 10, 2022 114993



S. Jiang et al.: Tertiary Review on Blockchain and Sustainability With Focus on SDGs

FIGURE 6. Intra-organizational drivers and impacts on SDGs.

FIGURE 7. Inter-organizational drivers and impacts on SDGs.

FIGURE 8. External drivers and impacts on SDGs.

C. THE RESULTS OF RQ3
Beyond blockchain’s negative impacts on SDGs shown in
Section IV.A.2 and barriers explained in Section IV.B.2,
we summarize other research gaps in this section.

D. LEGAL FRAMEWORKS AND STANDARDS
Standards can contribute to industrial and societal acceptance
of the application of blockchain, for example, in the food
supply chain [46]. Adopting shared standards for certain
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FIGURE 9. Barriers and impacts on SDGs.

methods and practices by supply chain actors may substan-
tially benefit supply chain traceability [48]. Standards also
facilitate interoperability. A lack of regulations and standards
creates uncertainty and risks for companies and holds back
their transition to blockchain technology. For example, there
is uncertainty regarding the legal validity and enforcement
mechanisms of smart contracts when disputes arise [40].
A legal framework is necessary for blockchain to reach its full
potential. To constrain data manipulation, appropriate legal
framework and policies may be defined. This could include
regulations such as:
• using certificates and regular checks to ensure raw data
authenticity,

• ensuring traceability or regulatory monitoring to encour-
age companies to take responsibility for their products
and provide authentic information,

• mechanisms to prevent fraud and money laundering
activities,

• policies supporting data-sharing between parties in law
enforcement against some cyber risks,

• putting in place criteria to guarantee the legal validity
and enforceability of smart contracts [40].

E. SOFTWARE ENGINEERING TOOLS AND METHODS
Further research is needed to tackle the absence of standard
tools and methods for implementing blockchain applications,
particularly software engineering methodologies and frame-
works for developing blockchain-based systems. Reference
[74] pointed out some software engineering research direc-
tions, for example, user involvement in defining and eliciting
software requirements, flexible architectures, verification
of functional and non-functional system properties, and
empirical evaluation methods and criteria. References [75]
and [76] reported on research and experience regarding
requirement engineering to identify user needs and system
requirements for blockchain-based energy demand-response

systems and understanding the values in P2P energy-trading
systems. More research of this kind is desirable to bridge the
research gap regarding software engineering theory and prac-
tices for blockchain implementation to achieve SDGs. [40]
also suggested research directions for design science-based
development of generic actions, processes, and systems oper-
ationalized in various contexts. Domain specific tools and
methods are needed, for example, to support blockchain’s
fully integration with Building Information Modelling (BIM)
platforms for sustainable building [53].

F. EVIDENCE-BASED KNOWLEDGE ON LARGE-SCALE AND
LONG-TERM EFFECTS
We observed that the negative impacts of blockchain on
sustainability are not addressed to a considerable extent in
the surveyed papers. Most papers addressed the challenges,
barriers, problems related to the adoption of blockchain, but
they did not talk about its negative effects on sustainability.
Therefore, we were not able to link negative impacts to
most SDG targets. This may be due to the current state of
blockchain as an emerging technology since most discussion
about it is theoretical or hypothetical without significant ref-
erence to use cases and experience from real deployment.
Studies [12], [29], [46], [48], [49], [57], [74], [77], [78] point
out the lack of real experiments and the need for empirical
studies on blockchain for sustainable development. In partic-
ular, large-scale and long-term measurements are needed to
give evidence of the impacts of blockchain on SDGs.

Empirical studies depend on frameworks for comprehen-
sive evaluation of outcomes with well-defined metrics and
methodology. Such a framework will facilitate a critical
reflection on the current investments and experimentations
and empirical evidence concerning the long-term effects,
unanticipated and detrimental impacts, as well as limita-
tions of blockchain in these contexts. Firstly, there is a need
for meaningful and quantifiable sustainability indicators.
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Blockchain-empowered traceability can be used to monitor
activities in various contexts and verify sustainability indi-
cators in a meaningful and quantifiable way [16]. However,
the lack of standard indicators and methods hinders the effec-
tive monitoring and verification of sustainability practices.
Secondly, there is a need for comprehensive evaluation of
blockchain’s impacts, for instance, from economic, social
and environmental aspects or from the viewpoint of SDGs.
Finally, a benchmark on software sustainability is desirable
to compare the sustainability of software technologies (such
as blockchain implementations) and their impacts on SDGs
[48]. For example, PoW has been criticized for its negative
impacts on energy intensiveness and its environmental foot-
print while other blockchain protocols, such as PoS and PBFT
are more efficient and consume less energy. An evaluation
of whether blockchain consumes more energy than other
technologies may depend on the metrics used to measure the
sustainability impact.

G. ETHICAL RESEARCH
Research on ethical issues associated with blockchain and its
applications is also essential for preventing its potential neg-
ative consequences. Reference [79] has described a roadmap
to further research on the ethics of blockchain. The legal and
ethical implications of SDGs should be considered.

H. DECISION-MAKING FRAMEWORK
A reference framework is needed to support stakeholders to
‘‘make more informed decisions as to whether to invest in
the development of the technology, (. . . ) as well as how to
design its architecture to meet their demands’’ [80, p. 27].
Based on the lessons learned and experience gained from pre-
vious initiatives and experimentations as well as the empirical
evidence on the impacts of blockchain on SDGs, this frame-
work should comprise of, among others, best practices and
guidelines on the selection of relevant blockchain technology
to meet SDGs, patterns or anti-patterns for its design and
implementation as well as examples and use cases.

I. SUSTAINABILITY ASSESSMENT
Life Cycle Sustainability Assessment (LCSA) is a systematic
and integrative methodology to evaluate the impacts of the
three pillars of sustainability throughout the life cycle of a
product or service. Reviewed literature pointed out a lack of
research on the integration of blockchain technology with
LCSA [53]. Future research can explore blockchain as a
plausible solution offering data traceability and integrity to
facilitate a more effective LCSA process and help minimize
the negative impacts generated, for example, during the con-
struction life cycle [53].

V. DISCUSSION
A. COMPARISON WITH RELATED WORK
Innovations through digital technologies such as AI and
blockchain may influence the ability to meet the SDGs

defined in the UN 2030 Agenda. The assessment and gov-
ernance of sustainability is a central challenge for our society
since sustainable development is crucial to securing the future
of humanity [6]. Existing literature reviews usually investi-
gate blockchain’s role in sustainability in specific application
areas, such as sustainable supply chain management [16],
smart cities [10] and sustainable manufacturing [13], [17].
Only a few of these reviews, for example [16], [73], and [74],
touched on several SDGs and none of them documented con-
nections between blockchain and the UN SDGs holistically,
not tomention the detailed targets in each SDG. There is work
[35] that systematically assessed the potential impact that AI
might have on all aspects of sustainable development in terms
of the 17 SDG goals and 169 targets. However, to date, there
is no similar published study assessing blockchain’s potential
impact on all these SDG goals and targets. Our work attempts
to bridge this gap.

In addition, our study has consolidated the barriers
and drivers to blockchain adoption from existing literature
and categorized them into system-level, intra-organizational,
inter-organizational, and external or societal dimensions. Fur-
thermore, we have analyzed the relationship between these
barriers/drivers and blockchain’s impacts on SDGs, thereby
providing a link between RQ1 and RQ2. To the best of our
knowledge, no other work has linked the barriers and drivers
to blockchain with their impacts on SDGs.

Finally, this study has identified research gaps and
proposed directions for further research to ensure that the
potential of blockchain can be fully exploited and its negative
impacts minimized.

B. IMPLICATIONS TO ACADEMIA AND PRACTITIONERS
1) FOR RESEARCHERS
Our work contributes to the body of knowledge about
blockchain’s role in meeting SDGs and indicates research
gaps and directions for further development of blockchain
technology with respect to SDGs. Some SDGs have more use
cases and applications built upon blockchain, while others
may need more research, for instance, regarding innovative
applications and their impacts. Our study provides a com-
prehensive overview of the impact of blockchain adoption on
SDGs, not only on selected SDGs. For researchers, our work
offers a systematic approach to understanding the blockchain
potential vis-à-vis the principles of SDGs and the opportuni-
ties to identify unexplored SDGs areas.

Our study highlights that negative impact of blockchain
implementations on SDGs is not adequately addressed in the
current literature. Most of the research on blockchain has
so far been at a hypothetical or conceptual level, where the
research has been concerned with investigating the potential
effect of blockchain on SDGs, focusingmostly on the positive
as such. Thus, future research should aim also on elucidating
the potential or actual negative effects of blockchain, beyond
the ever-recurring focus on e.g., the energy consumption
of some blockchains (such as PoW) and the high imple-
mentation cost. However, the reviewed articles do point to
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some negative impacts of blockchain technology which needs
to be mitigated both in order to ensure its relevance as a
tool to contribute positively to reaching SDGs, and further,
its relevance for companies and organizations considering
blockchain implementation.

Results of RQ3 suggest some research directions in this
regard. In particular, future research should aim to fill the
research gaps in order to support practitioners and policy-
makers. The reviewed literature emphasizes that the lack of
policy and regulations is a major barrier for the utilization of
blockchain technology, and that legal frameworks and stan-
dards, as well as decision-making framework, must be devel-
oped in order to fully utilize the possibilities of blockchain.
Thus, future research should aim to develop knowledge that
can serve as input and provide foundation for governments
and policymakers that are responsible for the development of
such frameworks.

Furthermore, a lot of the current research on blockchain
is on a hypothetical, conceptual level, and there is a need
for more empirical studies that can provide evidence-based
knowledge on the effects of blockchain implementations,
in general and on SDGs in particular.

The nature of blockchain technology also requires new
business models, and thus, new ways of managing the stake-
holders, and distribution of risk and responsibility, in a given
value chain. Researchers should aim to provide input for
the development of models for stakeholder management in
these novel contexts, for governments, policy- and decision-
makers, and companies to use.

2) FOR COMPANIES USING BLOCKCHAIN
Substantial work concerns the use of blockchain technol-
ogy to improve conditions for companies, for example in
sustainable production. Blockchain can enable new services
and applications and enhance or transform existing processes,
systems, or services. A multitude of use cases for innovations
are available in various domains. Blockchain is still in a
growth stage, and significant progress and new opportunities
can be expected shortly. The analysis of this paper may shed
light on new directions and solutions that would assist compa-
nies and customers integrate their needs through blockchain.
In addition, the analysis of barriers and drivers highlights
the need for a cultural change and managerial awareness
and support to embrace this new technology. Managers are
recommended to carefully define strategies and policies for
integrating blockchain technology in existing operational and
managerial settings.

In particular, although it seems promising that blockchain
adoption can enhance sustainability and impact SDGs pos-
itively, it may not be suitable for all contexts and needs.
Many alternative blockchain technologies exist, and there is
no ‘‘one-size-fits-all’’ solution. Some well-known decision
trees with questions that help evaluate the applicability of
blockchain technology are available in the literature [12],
[18], [41], [80], [81], [82], [83], [84], [85]. However, [2]
highlighted inconsistencies between the reported use cases

and the well-known decision rules. Even if some decision
rules are not passed, the blockchain technology or a specific
type of blockchain can still be used in a concrete use case
because the application may focus on exploiting different
features that blockchain offers. There are different design
choices for implementing the same function. A systematic
analysis such as the one suggested in [2] may help.

Our work offers managers an understanding of the benefits
of investment in blockchain technology, blockchain’s role
in addressing the challenges of implementing sustainable
practices and possible adoption barriers. Managers should
pay attention to the importance of adequately evaluating
blockchain’s suitability and applicability for their needs as
well as the tradeoff between potential benefits and the associ-
ated cost. The above mentioned literature and techniques can
help managers in this process. A greater awareness among
managers about the impact of blockchain technology on sus-
tainable development maymotivate them to support the adop-
tion of this technology. In particular, managers should gain
a knowledge of blockchain technology and the advantages
it offers to sustainability in various fields and an awareness
of the intra-organizational and inter-organizational barriers
to the adoption of blockchain in order to lift the managerial
awareness and commitment and incentivize the creation of
new organizational policies and other aspects needed to create
a favorable environment for this transition.

3) FOR POLICYMAKERS
For policymakers, our work provides insight and understand-
ing of the technology and its impacts on SDGs besides the
legal and regulatory barriers against its adoption, thus facili-
tating the establishment of the needed supportive legislation
and governance framework.

In particular, the lack of policy and regulation for
blockchain adoption within and across complex ecosys-
tems of stakeholders is emphasized as a major barrier to
blockchain adoption for sustainability [14], [16], [18], [29],
[41], [42], [44]. Thus, policymakers should aim to pro-
vide the legal and regulatory frameworks demanded from
practitioners. In addition, policymakers can contribute with
financial incentives for technology adoption, for instance,
[49] emphasized the role of policymakers in encouraging the
participation in blockchain programs by giving tax incentives.
Furthermore, policy- and decision-makers can contribute
with financial funding for empirical and/or multidisciplinary
projects aiming to address the underdeveloped research areas
in blockchain research.

C. IMPLICATIONS TO SUSTAINABILITY
The UN SDGs are a comprehensive framework which calls
for actions covering a wide spectrum of activities related
to social, technical, socio-technical, business/economic,
legal/regulation, ethical, and socio-economic issues. The
SDGs cannot be simply met by implementing digital tech-
nologies and blockchain is only one of the enablers for ful-
filling SDGs.We found a number of other enablersmentioned
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in the literature that can help facilitate the achievement of sus-
tainable development. For example, AI may have a positive
impact on all SDGs by offering technological improvement
in different sectors while negative effects on SDGs may be
experienced if certain aspects of AI are not addressed [35].
From a business perspective, [86] investigated the role of
AI in implementing sustainable business models (SBMs) in
light of SDGs and highlighted the implications of AI con-
cerning SDG 12 and the importance of managerial awareness
about strategies to achieve SDGs. Reference [87] reviewed
the literary corpus regarding the role of intellectual capital
for sustainable and innovative development of organizations
towards the creation of SBMs linked to SDGs. Reference [88]
investigated the role of accounting and accountability models
on the transition towards a circular economy and waste man-
agement and the contribution of digital transformation in this
aspect from the viewpoint of SDGs.

Several researchers have also studied the relationships and
interdependency between SDGs. For policymakers and plan-
ners, the implementation of SDGs needs to take into account
the interactions between SDGs as illustrated in [23] which has
proposed a goal-scoring framework with a seven-point scale
of SDG interactions to help policymakers make coherent
policies and strategies towards sustainable development path-
ways that can enhance positive interactions while minimizing
negative ones.

D. THREATS TO VALIDITY
Our work is a tertiary review that is based on a systematic
review of the reviews on the selected topic. Thus, the results
are limited by the scope of the included papers. There may
be a bias in selecting papers and the documented evidence in
the included papers may not be exhaustive. As the literature
seldom explicitly provided a linkage between blockchain and
SDGs, specifically at the SDG target level, we did a mapping
based on our understanding of the impact of blockchain
and the SDGs. The results may be biased or limited by our
knowledge and understanding. Nevertheless, as described in
the methodology section, we have tried to mitigate this limi-
tation by consulting literature on SDGs, adopting the expert
consensus method, verifying the results using at least two
authors in the process, and reviewing the mappings in several
iterations.

In Fig. 4, some SDG targets are not marked with positive or
negative impacts as we have not found evidence of potential
impacts from the literature we reviewed. However, this does
not mean that there is no relationship between blockchain and
the remaining SDG targets. An additional literature search
and future research may indicate further interlinkage between
blockchain and the unmapped SDGs in Fig. 4.

VI. CONCLUSION AND FUTURE WORK
Blockchain is a disruptive technology and a driver for social
changes. Combined with other technologies, like AI, big
data and IoT, blockchain has a great potential to empower
numerous innovative applications and provide technological

TABLE 4. Surveyed papers with evidence on blockchain’s potential
positive impacts on SDGs.

TABLE 5. Surveyed papers with evidence on blockchain’s potential
negative impacts on SDGs. Only the SDGs that blockchain has negative
impact on are included.

improvement or enhancement to overcome limitations or
domain challenges. Therefore, it can act as a catalyst to
achieve potentially all SDGs defined in the UN 2030 Agenda
and has already exhibited its great potential to promote sus-
tainable practices.
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TABLE 6. Summary of the surveyed papers with their focus area, search query, articles reviewed by each paper and the main outcomes. ‘‘N/A’’ means no
explicit information provided in the paper.
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TABLE 6. (Continued.) Summary of the surveyed papers with their focus area, search query, articles reviewed by each paper and the main outcomes.
‘‘N/A’’ means no explicit information provided in the paper.
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TABLE 6. (Continued.) Summary of the surveyed papers with their focus area, search query, articles reviewed by each paper and the main outcomes.
‘‘N/A’’ means no explicit information provided in the paper.
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TABLE 6. (Continued.) Summary of the surveyed papers with their focus area, search query, articles reviewed by each paper and the main outcomes.
‘‘N/A’’ means no explicit information provided in the paper.

115002 VOLUME 10, 2022



S. Jiang et al.: Tertiary Review on Blockchain and Sustainability With Focus on SDGs

TABLE 6. (Continued.) Summary of the surveyed papers with their focus area, search query, articles reviewed by each paper and the main outcomes.
‘‘N/A’’ means no explicit information provided in the paper.

This tertiary study, built upon existing systematic reviews
on the relationship between blockchain and sustainability, has
investigated the potential positive and negative impacts on
SDGs that blockchain may bring about. Positive impacts on
all 17 SDGs with direct impacts on 76 SDG targets have been
identified from the surveyed papers. Our study also reveals
that most blockchain applications are with low maturity, e.g.,
as prototypes, new deployments, or even only at a conceptual
level, therefore, their real influence and long-term effects are
hard to be concluded.

Based on thematic analysis from identified systematic
reviews, this study further presents a systematic overview
of drivers and barriers to blockchain adoption for sus-
tainable development, categorized into system-level, intra-
organizational, inter-organizational, and external/societal
dimensions. Implications of these barriers and drivers on
SDGs have been provided as well.

Blockchain is still an immature technology. Its deployment
is in its early stages and has been largely experimental. Our
study acknowledges issues that need to be addressed before
the potential of blockchain can be fully exploited and the
negative impacts can be minimized. Our future work is to
follow empirical evidence of real impacts and investigate
how software engineering theories and practices can help
the development of blockchain-based systems for sustainable
development.

Finally, blockchain is only one of the enablers to achieve
SDGs. The UN 2030 Agenda has set up a compre-
hensive framework for sustainable development and the
achievement of SDGs not only calls for the implemen-
tation of driving technological solutions, but also needs
to address social, ethical, legal, business, socio-technical,
and other issues to balance the three pillars of sustainable
development.
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APPENDIX
See Tables 4, 5, and 6.
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