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Abstract. Blockchain technology is valuable due to the renowned characteristics, such as immutability, security, and trans-
parency. Although blockchain’s effectiveness and efficiency are yet to be proven, its potential for resolving social issues is
attracting the attention of public administrations, private entities, and individuals to adopt or develop this technology. In this
paper, some of the most high-profile blockchain-enabled smart city applications in South Korea, the United States and China are
sampled and reviewed. The goal is to explore blockchain-related regulations or legislation in each country, which is the underly-
ing basis to allow the blockchain pilots to proceed. Then, each country’s key blockchain initiatives are explored using a top-down
framework (i.e., central/federal government – provincial/state governments – city governments). Lastly, by summarizing those
blockchain-based smart city projects, the challenges and observations are discussed.
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1. Introduction

Immutability, security, and transparency, these three characteristics, make blockchain valuable for public and pri-
vate institutions. Thus, there has been considerable anticipation for the offerings that blockchain can bring about as a
unique technology to solve social issues, and deal with security issues that many public and private institutions face.

As blockchain is a newly introduced technology, supports from public institutions and governments are vital: e.g.,
launching blockchain-based pilot initiatives for citizens to take advantage of blockchain-based services. Meanwhile,
enacting blockchain-related legislation is also very important. Regulatory authorities are concerned about the misuse
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of blockchain in tax evasion, money laundering, or uncontrollable flows of funds. Steven Mnuchin, the former US
Secretary of the Treasury, mentioned that the US would regulate money flows under the Bank Secrecy Act to avoid
the financial innovation endangering financial stability [8].

According to a report, due to strict regulations, 33 blockchain projects were called off after completing their
pilot stages [22]. Private and public institutions need reliable evidence that blockchain is an effective and efficient
technology. To provide such evidence, introducing wide-range blockchain-based initiatives is a justified way.

The main purpose of the paper is to explore blockchain-related initiatives and projects in South Korea, the United
States and China. By doing so, we can learn the government’s attitude over the blockchain developments. These
three countries are selected for the following reasons.

First, South Korea is a potential leader in the blockchain market, because its central and local governments are
actively adopting the blockchain technology. According to a United Nations E-Government survey, South Korea
achieved the highest E-Government Development Index (EGDI) in Asia, which is assessed by the online service
index, the telecommunication infrastructure index, and the human capital index [34]. In other words, public insti-
tutions in South Korea have firmly established their infrastructure and are prepared to implement blockchain-based
projects.

Secondly, the United States is a current leader of blockchain [38]. According to a blockchain market size report,
North America – the United States and Canada possess the largest share in the entire blockchain market (∼40%)
[14]. As the United States is the blockchain leader, examining how the United States develop and use blockchain
is absolutely necessary. The current leader’s activities – regulation and technological advancement – can be an
essential reference for followers.

Last, China is also considered as an active leader in the blockchain industry. According to a report from the World
Intellectual Property Organization (WIPO), in 2017, China filed more than a half of blockchain patent applications
(56%), followed by the United States (22%) [10]. On the other side, the Chinese government has been actively
adopting and encouraging blockchain related technologies. Multiple blockchain-based services, e.g., blockchain
financial platforms and insurance platforms, have been fostered. Moreover, the National People’s Congress of China
enacted the Encryption Law in October 2019, which provided guidelines for the management and supervision of
blockchain-related activities [49].

The rest of the paper is organized as follows. First, the section of “Localized comparison and categorization of
projects” reviews and categorizes relevant smart city projects in South Korea, the United States and China. Then,
the section of “Remarks on the reviewed applications” summarizes the features of the reviewed projects. Finally,
the section of “Conclusions” concludes the paper by looking into the future challenges.

2. Localized comparison and categorization of projects

2.1. South Korea

In 2018, the Korea Institute of Science and Technology Evaluation and Planning (KISTEP) analyzed that the cur-
rent technological advancement of blockchain was not pragmatic in South Korea. KISTEP pointed out blockchain’s
low performance in terms of the transaction rate. Meanwhile, KISTEP also expected blockchain to bring about nu-
merous positive effects, citing that blockchain would be a radical innovation that could affect numerous industries
[26]. Before introducing initiatives of public institutions, here are the blockchain laws and regulations in South
Korea.

– The surging Bitcoin investment triggered attention from the central government toward cryptocurrency, which
initiated a revision on the relevant legislation. For example, the National Assembly of South Korea passed “Act
on specific financial information concerning the prevention of money laundering” [23].

– The National Tax Service passed a judgment that when Bitcoin is traded as goods, the traders need to pay
value-added tax [1].

– The Ministry of Economy and Finance concluded that it is a violation of Article 8 of the Foreign Exchange
Transactions Act if a firm uses Bitcoin to transfer money overseas without an authorized financial institution’s
involvement [1].
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2.1.1. Central government of South Korea
The central government of South Korea focuses on validating the effectiveness of blockchain, e.g., initiating

blockchain-based pilot projects in public institutions. It expects that the projects will boost the productivity of
various industries and solve social issues. Two observations are made as follows.

First, the central government focuses on applying blockchain-related technologies in public institutions. For ex-
ample, in 2020, the Ministry of Science & ICT and Korea Internet Security Agency (KISA) nominated 24 companies
to start ten blockchain-based pilot projects with an investment up to 5.3 million US dollars [27].

In addition, the emphasis has also been laid on developing blockchain-based financial technology. The Presi-
dential Committee on the Fourth Industrial Revolution announced blockchain-related policies in 2018. The central
government encouraged to integrate blockchain with financial technology. To be specific, the committee pointed out
four significant limitations [36].

(1) Limitation of selective investment: South Korea developed its major industries through selective investment,
e.g., telecommunication, car or shipbuilding. However, this investment method could not maintain the market
share of major industries, and was inefficient on fostering new industries (market share: car: 5.2 → 3.8%,
shipbuilding: 36.2 → 20%). The central government of South Korea recognized the necessity of extending
investment strategies to newly introduced technologies, e.g., blockchain.

(2) Lack of interest in inclusive growth: inclusive growth can encourage industrial growth while solving social is-
sues simultaneously. In 2016, the entire amount of research and development cost in South Korea was about 16
billion US dollars, while social issues oriented research accounted for only 10.5%. The committee recognized
that it is vital to increase investment in research and development, especially in inclusive growth.

(3) Large corporate oriented policies: the central government often provided favorable policies on innovation for
the governmental entities and large conglomerates, while there was a lack of interest in small and medium-
sized enterprises (SMEs).

(4) Inadequate infrastructure for sustainable growth: South Korea did not establish a system that encouraged or
supported people who failed at their business to restart. As a result, more people preferred stable jobs.

2.1.2. Government ministries of South Korea
In 2020, ten projects were initiated as pilots applying blockchain to public sectors [27]. The key features of the

10 projects are summarized in Table 1.

Table 1

Blockchain-related projects of South Korea government ministries

Government Agencies Project Remarks

National Police Agency Data immutability Protect the reliability and the integrity of
digital evidence in each step

Rural Development Administration Traceability of agricultural product Ensure the credibility of products’ information

Ministry of Health and Welfare Identifying eligible beneficiaries Manage welfare benefits distribution

Korea Expressway Corporation Toll fee management Automatically and transparently audit drivers’
records

National Election Commission Data immutability Maintain transparency and credibility of
election

Ministry for Food, Agriculture,
Forestry and Fisheries

Security and traceability Secure the recorded log and trace the possible
contamination sources more quickly

Ministry of Land, Infrastructure
and Transport

Documentation and certification Avoid cumbersome bureaucratic process

Ministry of Foreign Affairs Data immutability and document
authentication

Improve the apostille efficiency by issuing
immutable electronic documents

Korea Customs Service Link data between online shopping
platforms and Korea Customs

Simplify the current clearance procedure and
shorten waiting time at customs

Ministry of Oceans and Fisheries Documentation and certification Streamline the shipping process
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(1) National Police Agency

As the cases of cybercrime surged, digital evidence and digital forensic are critical. In each step of litigation and
investigation, maintaining the source integrity is vital to validate the admissibility of evidence. In other words, the
steps of an investigation (confiscating digital evidence > sorting > analyzing > reporting > sending > discarding)
need to be transparent and credible. This project aims to utilize blockchain technology to protect the reliability and
the integrity of digital evidence in each step. The execution team of the project also believes that this blockchain-
based platform will ensure transparency of the investigation process.

(2) Rural Development Administration

As more people are concerned about food safety, they would like to have the information of agricultural products
along each link of the supply chain. The Rural Development Administration plans to track all crops’ distribution
processes and record the data on a blockchain-based platform to ensure the credibility of products’ information.

(3) Ministry of Health and Welfare

The number of people receiving welfare benefits is larger than ever. The amount of welfare benefits that they re-
ceived has also steadily increased. Along with this, the cases of fraudulent claims, e.g., people who are not eligible to
receive the welfare benefits or people who receive the benefits twice, consistently happened. The Ministry of Health
and Welfare will launch a platform that manages essential information for identifying eligible beneficiaries. The
project’s execution team expects a significant cost reduction of the administrative process for managing information
for welfare beneficiaries and minimizing intermediary intervention.

(4) Korea Expressway Corporation

Korea Expressway Corporation detected an inefficient process to check toll fee reports of drivers. In response
to its issue, the corporation plans to adopt a blockchain-based toll fee management system to automatically and
transparently audit drivers’ records.

(5) National Election Commission

In order to maintain elections as transparent and credible as possible, the National Election Commission plans
to launch a blockchain-based online voting platform, through which every voter or candidate of the election can
directly access the results. The voting platform is currently open to and being tested by a number of approved
organizations.

(6) Ministry for Food, Agriculture, Forestry, and Fisheries

According to food supervision regulations, the entire meat production process should be recorded in the livestock
log system. However, there are risks of server failure or cyber-attacks on the centralized log system, resulting in
a total loss of the recorded data. For instance, when contaminated meat was sold and spread to various provinces,
it would be very time-consuming for regulators to identify the possible culprits through tracking the whole supply
chain. By utilizing blockchain, the Ministry aims to secure the recorded log data and trace the possible contaminated
sources within a few minutes.

(7) Ministry of Land, Infrastructure, and Transport

In order to get a mortgage for purchasing a house, citizens have to visit various offices and go through relevant
procedures. By utilizing online blockchain-based documentation and certification services, citizens do not have to
go through such cumbersome bureaucratic processes.

(8) Ministry of Foreign Affairs

Before submitting official documents to other countries’ institutions, citizens need to bring the documents to
be apostilled by the Ministry of Foreign Affairs. The current apostille process takes up to 14 days. The Ministry of
Foreign Affairs plans to build a blockchain-based platform to check the documents’ authenticity and issue immutable
electronic documents, which can improve the efficiency of the apostille process.
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(9) Korea Customs Service

With the increase in cross-border shipping, the time delays at customs have also amplified. Goods may stay
at customs for several days. The Korea Customs Service is piloting a blockchain-based declaration system that
will coordinate with global online shopping platforms. The system will automatically register South Korea-bound
products into the blockchain-based declaration system. The introduction of the blockchain declaration system is
expected to simplify the current procedures and shorten the waiting time of goods at customs.

(10) Ministry of Oceans and Fisheries

Each container requires a different trans-shipping service. However, most parts of the shipment processes is
still offline-based. Therefore, managing those tasks requires intensive manual paperwork operations. The Ministry
of Oceans and Fisheries aims to manage the shipping or trans-shipping paperwork through a unified blockchain
platform to streamline the entire shipping process.

2.1.3. Provincial governments of South Korea
Reckoning the limitations of the 3rd industrial revolution in South Korea, the central government realized the

importance of relaxing regulatory hurdles. However, the government cannot just deregulate blockchain without
concerns of blockchain’s misuses being properly addressed. Thus, the central government supports provincial gov-
ernments to test blockchain-based smart city projects. Some projects are currently under construction and their key
features are summarized in Table 2.

Seoul-si Seoul, the capital city of South Korea, is constructing several pilot projects with an investment of 108
million US dollars to establish a blockchain-enabled smart city in five years. Seoul focuses on the government
transparency and citizen convenience. Here are the current blockchain projects that Seoul has initiated [50].

(1) Blockchain-based work contract

Some employers tend to avoid official work contracts with workers to evade taxes. For example, employers offer
private contracts while paying slightly more to the workers. Without official work contracts, the workers are not
entitled to receive unemployment benefits and the other four primary insurances, i.e., National Pension, National
Health Insurance, Worker’s Compensation, and Welfare Service. Seoul city tackles this issue through blockchain,

Table 2

Blockchain-related projects of provincial governments

City (si)/District (do) Project Remarks

Seoul-si Blockchain-based work contract Guarantee workers to receive all legal welfare benefits

Blockchain-based used car sales platform Provide a transparent platform that prevents customers from overpaying

Electronic contract for construction workers Guarantee construction workers to receive the right amount of wages

mVoting Provide a transparent online voting platform

Document management platform Provide a blockchain-based platform that stores citizens’ documents for
verification

S-Coin Cryptocurrency for public services, e.g., public transportation and tax
payment

Seoul Citizen Card Provide a blockchain-based identity card

Jeju-si Citizen identity verification Help local merchants to sell duty-free goods to eligible customers and
help tourists to get tax refunds quickly

EV battery management system Provide credible data regarding EV batteries

Tracking carbon usage Record citizens’ energy consumption, which can be used to exempt taxes

Gangwon-do Blockchain and AI based healthcare Users’ health data are securely recorded and analyzed by AI to assist
doctors’ diagnosis

Busan-si Decentralized identifier DID enables citizens’ access to public services in a secured way

Water quality system Provide credible data on the current water quality

Jeollabuk-do Cryptocurrency ecosystem Provide a safe and commissionless cryptocurrency ecosystem
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which requires all labor contracts to be signed in the blockchain system that enables the city administration to check
whether the employers have issued official contracts quickly.

(2) Blockchain-based used cars sales

Janganpyeong is a local hub that clusters many used-car sales companies. Over the past years, many customers
complained for overpaying low-quality used cars due to the lack of transparent information or a unified sales plat-
form. In response to that, a blockchain-based Janganpyeong Automotive Centre was built, which aimed at providing
customers with transparent and immutable information of used cars to boost trust among customers and merchants.

(3) Electronic contract for construction workers

In the past, Seoul cooperated with construction companies and job agencies for regulating laborers’ wages. In the
model: first, the Seoul city releases labor-wage funds to construction companies; the companies then pass the money
to job agencies; the job agencies then transfer wages to workers. This process has been problematic because either
construction companies or job agencies might pay the workers less than what they should get. To ensure transparency
of paying the workers’ wages, Seoul has initiated a “Money-electronic-direct-system”. By using blockchain, the
regulatory department of Seoul city can check whether workers are paid with the right amount of wages or not.

(4) mVoting

The Seoul city encourages citizens to participate in its policy-making process. Online voting can be one of the
most valuable tools to attract the citizens’ active participation. However, online voting systems are vulnerable to the
fabrication of the voting results. The city government of Seoul created a blockchain-based voting platform called
mVoting. Since its roll-out in 2014, mVoting has been used to collect people’s ideas without any risk of being
manipulated. mVoting is collecting ideas regarding city-operated projects, education policies, and other policies.
According to the report of ‘2020 mVoting performance and its current status’, about 1.12 million users have par-
ticipated in 3.01 million online voting activities, cumulatively. Out of 8,294 voting issues, 2,642 voting issues have
been policy-related [40].

(5) Document management platform

Citizens sometimes need verified identification to access public services, which means that citizens need to bring
numerous documents and visit several public institutions. Seoul plans to provide a blockchain-based platform that
citizens can securely store their documents online. The Seoul city expects this platform to mitigate the traditional
verification process.

(6) S-Coin

Seoul created a cryptocurrency payment platform for public transportation. Seoul plans to expand its use to other
public services, e.g., citizens can pay tax through S-Coin, and Seoul can give low-income citizens subsidies [48].

(7) Seoul Citizen Card

Similar the documentation platform mentioned above, some public services can only be accessed before verifying
the users’ identities. However, it is possible to forge the current identity card in South Korea. Therefore, the Seoul
city initiated a blockchain-based identity card. It aims to faithfully verify the citizen identity, and also to shorten the
verification process. The Seoul Citizen Card was firstly applied to the Seoul journalist community, through which,
people or institutions who are to be interviewed can verify whether the interviewer is a true journalist or not.

Jeju-si Jeju Island’s government believes that experiencing blockchain services is the fastest way for citizens to
get familiar with the concept of blockchain. Thus, Jeju Island focuses on providing blockchain-based public services
[32]. The pilot projects in Jeju Island are reviewed below.

(1) Citizen identity verification

Thanks to Citizen Identity Verification, merchants can check whether a customer is eligible to purchase duty-free
goods without any burdensome process. This service can help merchants sell duty-free goods to eligible customers
and help tourists get tax refunds at customs conveniently.
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(2) Battery management system

Battery management of electric vehicles (EV) is essential for longer battery utilization and also battery reuses.
However, the history of EV battery reuses face the possibility of forgery and alteration. Therefore, it is necessary
to have credible data in the whole life cycle of EV batteries. For that reason, standards for used EV batteries are
required. The EV battery management system is to build a blockchain-based platform for managing the distribution
history of EV batteries, which aims to standardize the processing of used EV batteries and also integrate reliable
data regarding the used EV batteries.

(3) Tracking carbon usage

Jeju Island is highly committed to achieving the goal of reducing carbon emissions. It encourages citizens to
lead an environment-friendly lifestyle that is conducive to achieving the carbon goal. Therefore, Jeju Island plans
to launch a blockchain-based energy usage platform. The platform holds the records of citizens’ energy-saving
activities, and those records can be used to exempt taxes.

Gangwon-do Gangwon plans to provide a blockchain and artificial intelligence (AI) enabled healthcare service.
The users’ health records will be retrieved and analyzed using AI algorithms to assist doctors in diagnosing and
treating patients, and the blockchain based platform will securely store users’ health data and doctors’ prescription.

Busan-si

(1) Decentralized identifier

In 2020, Busan launched a blockchain-based smart card for identity verification – Decentralized Identifier (DID),
which can help citizens to access public services, e.g., receiving government benefits or visiting certain buildings.
DID-based services can be used both online and offline. Either way it is used, the blockchain based platform can
secure users’ privacy and also prevent information leakage to unauthorized parties [31].

(2) Water quality system

Despite the provisions put in place by the city administration to ensure the water quality, some citizens still do
not trust it. To address this, in 2020, the Busan city created a blockchain-based IoT platform, which allows citizens
to check the water quality directly [25].

Jeollabuk-do Within the Jeollabuk district, there is a famous Korean traditional village that attracts many tourists,
called Jeonju. The district has established a cryptocurrency ecosystem, with which tourists can purchase food and
souvenirs in Jeollabuk. Both tourists and merchants welcome the initiative due to fund safety and commissionless
transactions.

2.2. The United States

2.2.1. Federal government of the United States
The US federal government has a decent level of interest in the adoption of blockchain technology [9]. However,

the relevant regulatory department has expressed concerns that virtual currency, especially cryptocurrency, carries
risks such as jeopardizing financial stability, tax evasion, or money laundering. To address these concerns, several
ministries of the federal government are developing or enacting necessary regulations. The current status of laws
and regulations regarding blockchain at the Federal Government level in the United States is presented below [5].

(1) The Internal Revenue Service (IRS) now considers virtual currency as one of the new form of assets, which
implies that all transactions involving virtual currency should be subject to taxation.

(2) The US federal regulator, the Commodity Futures Trading Commission (CFTC), defined virtual currency as
commodities under the Commodity Exchange Act.

(3) Another US federal regulator, the Securities and Exchange Commission (SEC), defined virtual tokens as
securities under the Securities Act of 1933 and the Securities Exchange Act of 1934. In other words, all cryp-
tocurrency transactions and investments should observe the regulations of US Federal Securities. However,
virtual currency is being still defined as distinct from fiat money or even e-money.
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Table 3

Blockchain-related projects of state governments

States Project Remarks

Delaware Delaware Blockchain Initiative (DBI) Delaware was one of the first-movers to adopt blockchain. However, DBI came into a
halt due to the fundamental limitation of blockchain.

Illinois Document verification Blockchain-enabled document verification platform.

Property title registration Protect and manage property transparently.

Energy usage tracking Encourage and incentivize the consumption of renewable energy.

Vermont Insurance management platform Reduce insurance costs by lowering fraud risks and shortening insurance claiming time.

Property title registration system Reduce bureaucracy and provide transparency.

Wyoming Digital assets-existing law Consider digital assets as valued assets equal to cash.

New York Health tracking system Manage users’ COVID-19 test results, as well as vaccination history.

California Blockchain-based municipal bonds Increase the bond liquidity and facilitate the direct investment on government projects
using the municipal bonds.

(4) The Federal Reserve System (FRB) reviews the possible impacts on the currency system in the case of
adopting cryptocurrency [13]. FRB launched the “Fast Payments Task Force” to examine improvements
required in wire transfer and payment systems.

2.2.2. State governments of the United States
Many states in the US have enacted laws regarding the usage of blockchain and initiated blockchain-related pilot

projects in their public services. Some of the high-profile projects are reviewed below and summarized in Table 3.

Delaware Among state governments, Delaware is considered as one of the first-movers to adopt blockchain. As
over 66% of the Forbes 500 companies are headquartered in the state, Delaware always pays close attention to
the latest technological developments, e.g., blockchain. Delaware envisions that blockchain technology can further
facilitate the companies’ operations. The state rolled out Delaware Blockchain Initiative (DBI) and divided the
initiative into three stages [41].

The first stage was to adopt the distributed ledger technology at the Delaware Public Archives, where documents
would be recorded on a blockchain-based system that stored data without the risk of being tampered with.

The second stage was to adopt smart Uniform Commercial Code (UCC) based on blockchain. Because the tradi-
tional paper-based UCC filing process has been deemed inefficient and prone to errors.

The third stage was to make distributed ledger systems completely transparent. By integrating blockchain with
distributed ledger systems, the state government, institutions, and citizens can access the distributed ledger with-
out limitations of place or time. The state government of Delaware aims to eradicate the risks of accidental and
intentional data tampering.

However, as a first-mover, Delaware faced the technological limitation of blockchain – a low speed of processing
simultaneous transactions, which is a known problem for current blockchain-based systems. In 2018, the state
government of Delaware decided to end the DBI project. The reason was that the state government’s expectations
to streamline operations of both state administration and companies were not fully realized [15].

Illinois Illinois is among the states that showed a significant interest in utilizing blockchain technology to their
governance systems. In 2017, the state government of Illinois initiated several blockchain-based pilots. Studies
undertaken by the government of Illinois showed positive results of the introduced blockchain services, although
the government also concluded that the Proof-of-Work (PoW) – a method of blockchain – is inefficient [24].

(1) A blockchain-based platform that can check various kinds of documents, e.g., insurance, certificate of physi-
cian credentials, or citizen’s digital identity.

(2) By registering citizens’ property titles on a blockchain-based platform, the state government of Illinois can
thoroughly and transparently protect and manage citizens’ property.

(3) The state government of Illinois created a blockchain-based energy usage tracking system, which aims to
accurately record the renewable energy usage by citizens and companies. The state government also planned
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to give incentives to citizens or companies who contributed to environment protection according to the re-
newable energy usage record.

Vermont In 2018, an act regarding blockchain business became legal, and two pilot projects were launched in
Vermont [37]. The Act created a new type of business – Personal Information Protection Company (PIPC), which
manages personal data for business purposes. The Act stresses that PIPC must protect personal information from
being leaked.

Moreover, Vermont initiated two blockchain pilot projects: an insurance document management platform and a
blockchain-based land registration system. The blockchain-based insurance project aims to reduce insurance costs
by reducing the risk of insurance fraud (i.e., using credible and immutable data) and shortening the insurance claim
time (i.e., using condition-controlled smart contracts).

Burlington, Vermont initiated a blockchain-based property title registration system to streamline the property title
registration process. The traditional system for title registration was a long and tedious process: the deed rendered
to the property registry office; then, the documents copied, stamped and returned to the agent; finally, the agent
recorded a copy of the documents and then passed the documents to the buyer. In the proposed new system, the
deed’s copies can be saved on blockchain, which will be done in cooperation with the Burlington government for
scanning, hashing and storing all documents. All people or corporate representatives who are involved in property
transactions can access relevant documents [2].

Wyoming In 2019, Wyoming enacted a law, referred to as SF0125: digital assets-existing law [21]. The law re-
ceived wide attention, which is because, according to its proposition, digital assets (e.g., cryptocurrency) are given
super-negotiability protection in Wyoming. In other words, digital assets are being considered as valued assets equal
to cash. As UCC filings are considered as “uniformed federal law”, Wyoming needs to figure out how to maintain
the standard code, which will eventually succeed in matching the digital assets with UCC categories.

SF0125 actually covers the entire spectrum of digital assets and divides them into digital consumer assets, digital
securities, and virtual currencies [6].

(1) First of all, digital consumer assets mean that citizens can purchase a product with the digital asset as they did
with the cash. Wyoming is the first state that distinctively defines the utility token as a type of digital asset.

(2) Secondly, digital securities are digital assets that constitute securities, while excluding digital consumer assets
and virtual currency.

(3) Lastly, IRS has already defined that virtual currency is a medium of exchange. However, IRS concluded that
the virtual currency is not recognized as a legal tender by the United States government [39]. Since SF0125
and UCC, virtual currency has super-negotiability, people and organizations can transfer the virtual currency
without any problem.

New York In the context of the COVID-19 pandemic, the New York City of the New York state initiated a pilot
service that can track individuals’ health status, especially aiming at protecting people in gathering places, such as
theatres or stadiums. This service manages users’ COVID-19 test results, as well as vaccination history, which can
be used to facilitate users’ access to theatres or stadiums. New York City expects this service can help to prevent the
virus spread and boost the city economy [3].

California Berkeley, California, is the first administrative region that issued its municipal bond through cryptocur-
rency [12]. Berkeley expects that this will solve fundamental issues of traditional municipal bonds: poor liquidity,
and complicated conditions. Moreover, Berkeley expects people to become more interested in municipal projects
and directly invest in government-funded projects using government-backed cryptocurrency. Burlington of Vermont,
Lawrence of Kansas and Cambridge of Massachusetts also have started to adopt similar municipal bonds [28].

2.3. China

Although the Chinese government has been strictly monitoring the use of virtual currency, it has been actively
supporting the development of blockchain applications. The reason is that China sees blockchain as the next frontier
for digital infrastructure, and considers blockchain as an important ingredient for improving smart city services.
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Table 4

Blockchain-related projects of government ministries

Government Agencies Project Remarks

Ministry of Housing and Urban-Rural
Development

Interconnecting provident fund Allow citizens to access the provident fund in nearly 500
cities while they are relocated.

China’s Central Bank Digital currency & electronic payment China’s sovereign digital currency.

Ministry of Public Security Blockchain-based electronic identity Provide a secure identity authentication platform for
government and enterprise.

The Supreme Court of China Blockchain-based electronic evidence Solidify the electronic evidence collected by forensics.

Some of the most prominent blockchain projects at different levels are reviewed in this subsection. The blockchain
applications at the central government level are summarized in Table 4, while the ones at the province and city levels
are summarized in Table 5.

2.3.1. Central government and ministries of China
In 2016, blockchain was noted as one of the strategic frontier technologies in the “The 13th five-year plan for

national informatization”, which shed light on the direction for informatization in the next five years [44]. It is the
first time that blockchain appeared in a key informatization guideline document at the central government level.
As prices of Bitcoin and other digital currencies rose rapidly, the Chinese central government always took a clear
restraint attitude on cryptocurrencies. In 2017, seven Chinese government agencies including the Central Bank of
China jointly issued “Announcement on Preventing the Risk of Financing of Token Issuance” to warn the investment
risk brought by the issuance of cryptocurrencies [17]. In 2018, Ministry of Industry and Information Technology
released a white paper “China blockchain technology and application development”, which indicated the technology
path of blockchain and the future direction of blockchain standardization [33].

In October 2019, China’s top leadership attended a group study focusing on blockchain. A statement was released
after the meeting, which stressed that China’s financial sector will uptake blockchain as an important tool to catch
up and compete with the leading international financial peers. It added that blockchain-enabled applications shall
also be extended to digital assets trading, digital economy, digital finance, supply chain finance, inclusive finance,
Internet of things and intelligent manufacturing [45].

Unfortunately, it has always been a fact that the regulatory supervision would fail to keep up with the pace of
innovation. Especially in the case of blockchain, a lack of suitable regulations is one of the main factors hindering
its large-scale rollouts in China. In order to take benefits of blockchain (e.g., transparency and immutability), the
Central Bank of China supported the expansion of blockchain-enabled financial projects. At the end of December
2019, the city of Beijing started to test pilot projects within the supervision sandbox, or the Chinese version of
regulatory sandbox, which is a kind of closed testing environment for developing new business models that are not
supervised by existing regulations. In August 2020, Beijing, Shanghai and Shenzhen announced the pilot applica-
tions to be tested in the regulatory sandbox. The Yangtze River Delta also established a regional regulatory sandbox
for enterprises to trial pilot implementations.

A number of blockchain based smart city projects have been initiated since the release of the national smart city
policies [46].

(1) The Ministry of Housing and Urban-Rural Development aims to rapidly inter-connect the provident fund
centers of nearly 500 cities. It intends to take advantages of data immutability of blockchain to operationalize
the fund data sharing while citizens are moving across cities, which is expected to facilitate citizens’ access
to the provident fund in different places to a great extent [20].

(2) China’s digital currency, the so-called Digital Currency Electronic Payment (DCEP), endorsed by the state,
is issued by the China’s central bank and currently undergoing a series of trials. DCEP is a kind of sovereign
digital currency, which relies on technologies such as blockchain and electronic encryption. It has the advan-
tages such as cost-effective, security and efficiency [35].

(3) Electronic identity, based on blockchain, is a digital mark issued and managed by the citizen network iden-
tification system of the Ministry of Public Security. It can identify a person on the site or remotely, without
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Table 5

Blockchain-related projects in different provinces and cities

Province/City Pilot Applications

Application Agency Remarks

Beijing Customs clearance
(Beijing–Tianjin–Hebei)

Beijing Municipal Commerce Bureau Improve efficiency of cross-border
trade at customers of the international
air hub

Blockchain-based paperwork
platform for SMEs

Beijing Financial Supervision Simplify the paperwork that merchants
need to fill

Real estate registration Municipal Commission of Planning
and Natural Resources

Reduce unnecessary on-site visits for
citizens

Electronic certificates and licenses Beijing Municipality Administration Reduce costs and save time in dealing
with government service

Xiong’an, Hebei Digital Xiong’an Industrial and Commercial Bank of
China

The first blockchain based requisition
and demolition fund management in
China

Nanjing, Jiangsu Time bank for elderly care Residential Community The first time bank for depositing
volunteering services for elderly care
in China

Shanghai Products tractability Municipal Commission of Commerce Provide the product traceability to
ensure product safety

Inter-company reinsurance platform Shanghai Insurance Regulatory
Bureau

Provide credibility check for insurance

Social credit system Municipal Commission of
Construction

Provide credit data through distributed
blockchain nodes

Medicine tracing and delivering
platform

Health and Family Planning
Commission

Explore innovative solutions to ensure
medicine safety

Zhejiang Blockchain-based government affairs Market Supervision Bureau Provide transaction compliance check

Blockchain-based municipal services Ningbo Municipal Administration Provide municipal services, e.g.,
assisting citizens to claim the power
failure insurance

Chengdu,
Sichuan

Blockchain-based municipal services Chengdu Municipal Administration Provide municipal services, e.g.,
volunteering platform, intellectual
property alliance chain, and supply
chain finance

Shenzhen,
Guangdong

i-Shenzhen Shenzhen Municipal Administration Provide blockchain based certificates
and licenses verification

Electronic invoice System Shenzhen Taxation Bureau The first blockchain based electronic
invoice system in China

disclosing any sensitive information. On the one hand, it links various government systems to provide “one-
stop” services, and improve the efficiency of the provided services. On the other hand, it not only helps
governments to link the management of human resources, finance, and projects, but also provides enterprises
with a secure identity authentication platform [16].

(4) The Supreme Court of China intends to improve the storage of electronic evidence by utilizing blockchain.
A new system has been developed that integrates local courts, notary offices and judicial authentication cen-
ters to strengthen the authentication of electronic evidence and streamline the evidence reviewing procedures.
An electronic evidence platform has been built in Zhejiang to solidify the electronic evidence collected by
forensics to support the judicial process [30].

2.3.2. Provinces and cities of China
Beijing Beijing aims to equip the city with “new infrastructure” and trial the blockchain technology in digital
government services. In 2020, Beijing released a blue book on “Innovative Applications of Blockchain in the Mu-
nicipal Government Services”, which asserts the necessity, feasibility and significance of introducing blockchain
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into the field of government services [4]. Twelve pilot applications are showcased in the blue book, some of which
are explained below.

(1) The customs clearance facilitation in Beijing–Tianjin–Hebei Region is one of the twelve pilot applications
featured in the blue book. The project is led by the Beijing Municipal Commerce Bureau, which aims to
use the blockchain based logistics platform for speeding up customs clearance operations and improving
efficiency of cross-border trade in the international air hub.

(2) The Beijing Financial Supervision introduces a blockchain-based service platform for SMEs. The platform
decreases the waiting time for opening a bank account by 40%, and simplifies the documents that merchants
need to file by 80%.

(3) The Beijing Municipal Commission of Planning and Natural Resources created a blockchain-based real estate
registration system. The registration system is built with the idea to provide “one-stop” online services, which
has resulted in a reduction of up to 100,000 on-site visits of citizens.

(4) The Beijing Municipality Administration introduced blockchain based electronic certificates and licenses. By
uploading frequently used electronic certificates and licenses to the blockchain-based system, e.g., identity
card, social security insurance, and business license, 253 corporate-related issues and 65 personal ones can
be managed without the need of paper certificates. This not only reduces costs, but also saves time in dealing
with government services.

Xiong’an, Hebei Following the government’s blueprint, the project “digital Xiong’an, smart new district” was
initiated in Xiong’an, which is now a leading smart city in Hebei. Xiong’an branch of Industrial and Commercial
Bank of China formulated a blockchain plan to integrate governmental and financial services, which can augment
the collaborative advantages. For example, Xiong’an and the Industrial and Commercial Bank of China jointly
released a blockchain platform for managing requisition and demolition funds of old buildings in Xiong’an. This is
the first such kind of blockchain application for the requisition and demolition management in China. Utilizing the
blockchain features of traceability and immutability, the platform empowers Xiong’an to innovate the government
services to ensure the transparency and fairness of the demolition funds [42].

Nanjing, Jiangsu In order to respond to the challenges of an aging society, Nanjing put forward a blockchain-
based time bank of elderly-care service. The concept of time bank is to encourage volunteers to provide services,
e.g., the elderly care, and store the service time according to certain standards. When volunteers themselves need it,
they can withdraw the accumulated service time and exchange them for the services they need. The essence of the
time bank concept is “time for time” which can be colloquially summarized as “all for one, one for all”. The first
time bank pilot was launched in Zhaoyuan residential community in Nanjing, which stores the volunteering time on
blockchain and also facilitates exchange of time coins in Alipay’s time bank. The government of Nanjing plans to
integrate the “time bank” into its service portfolio following a full trial of the pilot [47].

Shanghai

(1) Shanghai Municipality Commission of Commerce adopts blockchain to enhance reconstruction of supply
chains. In November 2018, the “Yangtze River Delta Products Traceability Alliance” was officially estab-
lished. It aimed at solving problems in the traditional traceability system, improving the traceability efficiency
and ensuring products safety. Later in the same month, the first China’s International Import Expo was held
in Shanghai using blockchain to ensure the safety of the food used in the event [11].

(2) Under the leadership of the Shanghai Insurance Regulatory Bureau, a number of insurance agencies, reinsur-
ance agencies and financial technology institutions collaborated to build an inter-company reinsurance trading
platform using blockchain. The Shanghai Insurance Exchange has developed and constructed a blockchain
platform for credibility check, which provides the foundation for the insurance industry to build a transaction
ecosystem and improves transaction accuracy.

(3) In 2019, the Shanghai social credit system for construction companies was deployed based on blockchain,
which was awarded in the Shanghai blockchain application innovation competition, reflecting the important
role of blockchain in the construction of social credit. The social credit system was also extended to be
applied for the sharing market information in Shanghai. Each alliance organization can access credit data
through distributed blockchain nodes to achieve transparency, traceability and auditability.
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(4) Shanghai Health and Family Planning Commission carried out a dedicated research project to explore in-
novative solutions for medicine safety and delivery based on a blockchain-enabled tracing and delivering
platform for medicine.

Zhejiang Zhejiang implemented a blockchain application for government affairs, with emphasis on electronic
bills, judicial certificates and market supervision. Entrusted by the State Administration for Market Regulation,
the Market Supervision Bureau of Zhejiang has been testing an online transaction monitoring platform, which is
expected to be rolled out in other provinces after the trial. The platform adopts the alliance chain technology, takes
various judicial agencies as information nodes, and preserves electronic evidence for suspected commodities. The
platform is designed to achieve almost real-time compliance supervision for market transactions [18].

The city of Ningbo strives to become a blockchain powerhouse in Zhejiang. For example, Ningbo Power Supply
created a blockchain platform for insurance. It is the first such application that assists customers to claim the power
failure insurance in Zhejiang. The Ningbo blockchain centre and the digital currency research institute of People’s
Bank of China are jointly undertaking a national key project on blockchain-based platform for trade finance. Ningbo
also cooperated with Huawei and the Zhejiang Provincial Bureau of Cultural Relics to carry out a research program
for social-cultural relics based on blockchain [43].

Chengdu, Sichuan Chengdu, a central city of China, has the ambition to build a “full coverage, full informa-
tion, and full services” digital infrastructure to support the deep integration of big data, artificial intelligence and
blockchain to provide one-stop services, such as business incubation, business docking, corporate investment, and
financing.

In January 2019, the blockchain special committee of Chengdu issued a report on blockchain, calling for accel-
eration of the development of blockchain technology. Driven by a series of policies, Chengdu has been cultivating
blockchain applications in various fields [19], which are reviewed as follows.

(1) Volunteering. A blockchain volunteering platform focusing on people’s livelihood services was established
in Chengdu.

(2) Intellectual property protection. Several companies jointly initiated and established the first national intellec-
tual property alliance chain in the Chengdu high tech Zone.

(3) Supply chain finance. Financial institutions are now more confident to provide short-term liquidity supports
for small enterprises in supply chains. Thanks to the data immutability of blockchain, it is much easier for
financial institutions to evaluate loan risks and collaterals.

Shenzhen, Guangdong In response to the call for “one-stop” services, Shenzhen launched an application called
“i-Shenzhen” that integrates the government affairs and services on a blockchain platform focusing on electronic
certificates and licenses [7]. “i-Shenzhen” has now launched 24 types of commonly used electronic certificates and
licenses, such as identity, social security, business license and driver license, which provide great convenience for
citizens to do business online. Those electronic certificates and licenses not only conveniently help in ascertaining
“who is who”, but also solve the trust problems. This is materialized by building a series of new credit-related
ecosystem for identity proof including credit generation, credit authorization, and credit economy.

Shenzhen Taxation Bureau is committed to building the country’s first blockchain electronic invoice system [29].
The blockchain based electronic invoice fulfils the encryption processing of invoices as well as transactions synchro-
nization. It also combines invoicing and reimbursement processes by integrating fund flow and invoice flow. Due to
its advantages of immutability, transparency, traceability and privacy, it was soon applied to other fields including
rail transit, financial insurance and real-estate sales. In particular, during the recent pandemic, the blockchain elec-
tronic invoices gained more attention and successfully entered the healthcare system with its contactless advantage.

3. Remarks on the reviewed applications

In this section, we present our remarks on the reviewed blockchain initiatives of the three countries, and summa-
rize the blockchain applications in Table 6 and Table 7.
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Table 6

Fields of blockchain applications of central/federal governments

Fields South Korea United States China

Digital evidence
and forensic

✓ ✘ ✓

National Police Agency Supreme Court of China

Traceability ✓ ✘ ✘

Rural Development
Administration

Electronic identity ✓ ✘ ✓

Ministry of Health and Welfare; Sharing provident fund data;

National Election Commission;
etc.

Ministry of Public Security; etc.

Supply chain ✓ ✘ ✘

Ministry for Food, Agriculture,
Forestry, and Fisheries;

Ministry of Oceans and
Fisheries; etc.

Documentation ✓ ✘ ✘

Ministry of Land,
Infrastructure, and Transport;

Ministry of Foreign Affairs; etc.

Cryptocurrency ✘ ✓ ✓

Internal Revenue Service; DCEP

Securities and Exchange
Commission; etc.

3.1. Remarks on blockchain applications in South Korea

The central government of South Korea assesses that blockchain is a disruptive technology with huge poten-
tials. Thus, South Korea actively applies blockchain in its public services and seeks to be a blockchain leader.
However, positive results are needed to show that blockchain can solve social issues while making public services
efficient, e.g., to validate sustainability and effectiveness of those pilot projects. For that reason, the implementation
of blockchain for public services is a valuable opportunity for blockchain-related enterprises. As once validated, the
government of South Korea will support more blockchain-related projects via policies and governmental funds.

In the province level, this paper showed a number of very impressive applications that fit the characteristics of
each district. For example, Seoul, where most workers gathered in Korea, supported laborers with the blockchain-
based contract, which is very promising in protecting workers and for them to receive their rightful welfare benefits.
Jeju Island is a forerunner of eco-friendly policies, which in fact began with the project that managed circulation of
used EV batteries through a blockchain-based platform. Another interesting application is cryptocurrency as a local
voucher in Jeollabuk, which is highly welcomed by tourists and local merchants. These projects have shown strong
signs of addressing local public interests, which in time can be extended to other areas of application.

3.2. Remarks on blockchain applications in the United States

Several states led the blockchain applications into their public services ahead of other states. Not unexpectedly,
however, some states faced problems in achieving the desired degree of efficiency and effectiveness in their use of
blockchain to deliver public services. The example discussed for the state government of Delaware explained how
the project faced inefficiency issues that led to its termination. However, the key issues were in technology readiness,
which we believe will be soon overcome.

Some states and cities, e.g., Illinois and New York City, among others, expressed interest in blockchain. We can
anticipate that if pilot programs being led in these areas are successful, more state governments and institutions will
join the movement.
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Table 7

Fields of blockchain applications of provincial/state governments

Fields South Korea United States China

Transparency of
governance

✓ ✘ ✓

Electronic contract; Xiong’an demolition fund management

Water quality system; etc.

Traceability ✘ ✘ ✓

Yangtze River Delta traceability alliance;

Shanghai tracing and delivering platform for
medicine; etc.

Documentation ✓ ✓ ✓

Document management
platform

Property title registration Beijing Financial Supervision;

Real estate registration; etc.

Cryptocurrency ✓ ✓ ✘

S-Coin; Cryptocurrency in
Jeollabuk; etc.

Wyoming digital assets-existing law;

Berkeley municipal bond; etc.

Electronic
identity

✓ ✘ ✓

Seoul Citizen Card;
Decentralized Identifier;
etc.

i-Shenzhen

Recording ✓ ✓ ✓

Tracking carbon usage;
EV battery management;
etc.

Delaware Public Archives; Shenzhen electronic invoice system

Illinois energy usage; etc.

Healthcare ✓ ✓ ✓

AI-assisted diagnosis Health status check Nanjing time bank

Supply chain ✘ ✘ ✓

Customs clearance facilitation

Credibility ✘ ✘ ✓

Shanghai social credit system

Digital evidence
and forensic

✘ ✘ ✓

Market Supervision Bureau of Zhejiang

Insurance ✘ ✓ ✓

Insurance document management Shanghai insurance exchange;

Power failure insurance claim; etc.

Intellectual
property

✘ ✘ ✓

Zhejiang Provincial Bureau of Cultural Relics;

National intellectual property alliance in
Chengdu; etc.

3.3. Remarks on blockchain applications in China

With its origin in digital currency, blockchain has not only been popular in the financial field, but also has been
introduced into the field of government affairs and been expanded to other services. Presently, the blockchain’s
role in China is mainly about recording transaction data or verifying documents. It can be expected that blockchain
gradually integrates with more activities of industries and organizations.

Digital assets are the cornerstone of digital economies. As discussed in the paper, more and more virtualization
and digitalization produced blockchain-like assets represented by cryptocurrencies and tokens. Asset digitization
can lead to faster processing in trading as well as supporting credibility through smart contracts. It also brings about
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other benefits including reducing the transaction costs, improving the efficiency of governments/enterprises, and
protecting personal assets.

Supervision technology can conduct the real-time supervision of transaction data. This can be achieved by ex-
ploiting key characteristics of blockchain, including security, transparency, immutability and traceability. Powerful
supervision technology can be used in different fields, which is conducive to the supervision of the market and
government over socio-economic affairs.

In the field of governance, regions including Beijing, Shenzhen, Chengdu, Xiong’an and Zhejiang have imple-
mented applications in varied aspects of government services. Examples reviewed include: urban construction and
management, people’s livelihood service, data sharing, electronic license and bill, digital identity, business cooper-
ation, judicial deposit and fund supervision.

In the health field, Shanghai used health and medical data to promote medical management to solve the problem
of ‘Information Island’ and improve the utilization rate of medical resources.

In the financial field, Beijing, Xiong’an and Chengdu used electronic enterprise identity to build financial service
platforms. Regarding the financial insurance, Ningbo and Shanghai developed the information exchange system of
credit. Shanghai created a digital asset exchange that connects different blockchain systems, leading to a shift in the
way of information sharing.

Applications of blockchain in industry have been involving areas, such as manufacturing, supply chain manage-
ment or cross-border trade. Shanghai integrates financial data and product data in the Yangtze River Delta to achieve
food traceability and safety assurance.

In the field of logistics, Beijing, Ningbo, and Chengdu improved the efficiency of cross-border trade and achieved
higher reliability in the storage of information from customs, ports, taxation and freight.

4. Conclusions

The paper does not aim at providing an exhaust survey on all the blockchain related projects. Instead, the paper
focuses on studying the governments’ attitude over the blockchain developments among South Korea, the United
States and China by reviewing their core blockchain policies and sampling their high-profile blockchain pilots.

There are two noteworthy features of smart city projects in China comparing to those ones in South Korea and the
United States: technology-centered and top-down driven. China is keen on building smart cities based on the latest
technologies, e.g., artificial intelligence, 5G, Internet of things, and cloud computing. Secondly, most of the smart
city projects in China are driven by the high-level governments or ministries. The local governments then follow the
upper-layer patterns. This top-down scheme is quite different from the design philosophy of smart cities in South
Korea and the United States.

Despite the differences among the three countries, pioneering applications have already shown that blockchain’s
potentials in tackling challenges faced by traditional systems. For the next step, we will need to be aware of the
following challenges. First, blockchain has the promise to provide data traceability and immutability for data that
are recorded on the chain. However, the data authenticity before being recorded on blockchain is still a problem.
Thus, some methods that guarantee the information authenticity before the data being added on chain are needed.
Second, the transaction speed of blockchain system is much lower than the traditional clearing system, which is due
to the features of chained structure and distributed consensus. Thus, swift consensus protocols need to be introduced.
Third, blockchain is relatively new and is still evolving, so the unclear effects blockchain may bring in, the potential
exposure of sensitive information, and the costs of employing blockchain, need more rigorous studies.
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