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Abstract

Many countries have embraced national electronic identification (NeID) systems, recognising their potential to foster a
fair, transparent, and well-governed society by ensuring the secure verification of citizens’ identities. The inclusive nature of
NeID empowers people to exercise their rights while holding them accountable for fulfilling their obligations. Nevertheless,
the development and implementation of these complex identity-verification systems have raised concerns regarding security,
privacy, and exclusion. In this study, we discuss the different categories of NeID risk and explore the successful deployment
of these systems, while examining how the specific risks and other challenges posed by this technology are addressed. Based
on the review of the different NeID systems and the efforts made to mitigate the unique risks and challenges presented within
each deployment, we highlighted the best practices for mitigating risk, including implementing strong security measures,
conducting regular risk assessments, and involving stakeholders in the design and implementation of the system.

1 Introduction

Governments worldwide are committed to supporting the roll-
out of the national electronic identity (NeID) system to im-
prove efficiency and ensure the proper delivery of welfare and
benefits to citizens. These identification systems are crucial
for sustainable development, and have helped empower citi-
zens by enhancing their access to rights, services, and the for-
mal economy. Governments use these systems to streamline
public administration, improve security, and provide improved
services [1]. Financial institutions also use NeID systems to
verify their customers’ identity, which addresses a vital issue
of Know Your Customer (KYC) and enables them to provide
a wide range of financial services, including opening accounts,
securing credit, taking deposits, and paying for services. The
exercise of fundamental human rights, claim of entitlements,
access to a range of government services, and conduct of many
daily activities can be hindered without reliable identification.

However, the development and implementation of NeIDs
also raise concerns about security, privacy, and exclusion. For
example, individual data are sometimes concentrated in a cen-
tralised system, and there is potential for data breaches and
misuse. Several incidents have already been reported involv-
ing NeID systems, such as the Aadhaar case, in which over
200 government websites exposed data of Indian citizens [2].
These systems are attractive to adversaries because they con-
tain considerable amounts of personal data [3]. For instance,
the World Bank Group’s ID4D initiative identified thirty-five
possible threats to identity system security and privacy [4].

More importantly, the NeID system depends heavily on
technology and comes with all risks associated with complex
technical programs [1]. People are becoming reluctant to pro-
vide personal data because of the fear of identity theft or data
misuse [5,6] and many are worried about privacy and govern-
ment surveillance concerns [7]. As governments and organisa-
tions begin to deploy and use NeID systems to provide digital

services and improve efficiency, they are exposed to the risks
associated with these systems. In this study, we examine the
associated risks and challenges of the NeID system and how
they are being addressed. We begin by examining the history
of NeID development, NeID key components, and the imple-
mentation approaches adopted by various countries (Section
2). We discuss in Section 3 the risks and challenges associated
with the NeID System before diving into the best practices for
mitigating the risks, examples of successful deployments, and
how these risks have been addressed (Section 4).

2 Background and Context

2.1 History of NeID systems

NeID systems have evolved significantly over time, intending
to create more secure, easy-to-use, and efficient ways of ver-
ifying a person’s identity. The first NeID system, Estonian
eID, was introduced in Estonia in 2002 [8]. It allows citizens
to digitally sign documents, authenticate their identities on-
line, and access government services. This system has been
a significant success in Estonia, with over 98% of the popula-
tion regularly using it [8]. Nevertheless, there remains a need
for widespread adoption, user education and awareness, and
secure infrastructure [9].

Singapore was another early adopter of NeID systems. In
2003, the Singaporean government launched the National Au-
thentication Framework (NAF), allowing citizens to authenti-
cate their identities online using a single login credential [10].
This provides Singapore citizens and residents with a conve-
nient way to access government services online, including tax
filings, healthcare appointments, and banking transactions. In
2018, the government launched SingPass Mobile [10], a mobile
application that enables citizens to access government services
using their smartphones. Equally, in 2011, India launched its
NeID system, called Aadhaar [3]. Aadhaar provides Indian
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citizens with a unique 12-digit identification number that can
be used to access various government services, including social
welfare benefits and healthcare [2]. Nonetheless, the system
has also been criticised for its privacy issues and allegations
of misuse [11].

The United Kingdom launched its NeID system, GOV.UK
Verify [12] in 2016. GOV.UK Verify allows citizens to ver-
ify their identity online when accessing government services.
However, the system has been criticised for being difficult to
use and for its low adoption rate. [13]. More recently, other
countries have begun to develop NeID systems. For example,
Australia launched a digital identity system called myGovID
in 2019 [14]. This system allows citizens to access government
services online through smartphones or computers. However,
while the system has successfully improved accessibility to
government services, it has also been criticised for being too
reliant on mobile technology and not offering enough support
to people without smartphones or reliable internet access [14].

2.2 NeID components

NeID Systems work by capturing each individual’s unique
identity, which is collated in a centralised or decentralised
identity database, with each individual having a unique iden-
tifying number (UIN) [1]. A government may issue official
identification credentials such as national identity cards, and
operate identity services that verify a person’s identity on-
line. The digital ID process consists of three main compo-
nents: i) identity proofing and enrolment, ii) authentication
and identity lifecycle management, and iii) portability and in-
teroperability mechanisms [15]. These components highlight
the complex and dynamic nature of the NeID systems.

2.2.1 Identity proofing and enrolment

The first phase of NeID involves identity verification and en-
rolment. This answers the question of who an individual is by
collecting, validating, and verifying information about them
within a given population or context. These may be digital,
documentary, in-person, or remote [15]. The main objective
is to identify and verify an individual and bind their identity
to an authenticator. This phase is further divided into four:
Collection and resolution: In this phase, attributes are
obtained, evidence of attributes is gathered, and identity ev-
idence and attributes are resolved into a distinct identity
within a particular population or context. There is a de-
duplication process that involves checking the individual ap-
plicant’s biographic attributes, biometrics, and attributes as-
signed by the government, such as driver’s license, or passport
numbers, against the database of enrolled individuals, as well
as the attributes and identity evidence associated with them,
to avoid duplicate enrolment.
Validation: This phase involved verifying the accuracy and
authenticity of the collected evidence. For instance, the iden-
tity provider (IDP) can examine the applicant’s physical iden-
tities evidence, such as a driver’s license or passport, and de-
termine that they have not been altered, that the digital se-
curity features are intact, and that the information on the
physical identity evidence matches the sources.
Verification: This entails confirming that the applicant’s
identity is associated with a validated identity. As part of the

liveness checks, the IDP may, for example, request that the
applicant submit a photo or video from their mobile device.
Photographs of passports, licenses on government databases
can be compared to an applicant’s submitted photo with some
degree of certainty [1]. A valid phone number linked to the
applicant’s identity can then be sent an enrolment code that
the applicant must provide to the IDP. This code must match
that sent by the IDP, proving that an applicant is a real person
who owns and controls the validated phone number [15].
Enrolment in identity account and binding: At this
stage, the identity account is created, and one or more au-
thenticators are linked to the identity account, allowing for
identity authentication.

2.2.2 Authentication and ID lifecycle management

Authentication determines whether a person is who they say
they are. This establishes that the person asserting identity is
the same person who was verified and enrolled. Three types of
factors can be used to authenticate an individual [15]: i) fac-
tors of ownership (something you own, such as cryptographic
keys), ii) factors of knowledge (something you know, like a
password), and iii) inherent factors, such as biometrics or
something you are. In addition, identity lifecycle management
refers to the actions IDPs should take in response to events
that can occur during the lifecycle of a subscriber’s authentica-
tor. These events affect the use, security, and trustworthiness
of the authenticators. Some examples of these could be issu-
ing and binding authenticators to credentials, either during or
after enrolment. IDPs can also take actions relating to expira-
tion, revocation, loss, theft, and unauthorised duplication of
authenticators or credentials.

2.2.3 Portability and interoperability mechanisms

Through portability, people can identify themselves across
multiple networks using their digital ID credentials, rather
than repeating the process of obtaining and verifying per-
sonal information. One approach to enabling a portable ID is
through federation. The federated architecture and assertion
protocols allow the transmission of identity and authentication
data between the networked systems, enabling different net-
works to work together. For example, GOV.UK [12] provides
an excellent example of a federated digital ID, where functions
and responsibilities are spread across service providers.

2.3 NeID systems implementation

The implementation of NeID systems varies by country. How-
ever, they can be classified into two main categories: cen-
tralised and decentralised systems [16].
Centralised : Participants in centralised system rely on the
platform operator’s trustworthiness to conduct transactions
successfully, securely, and privately. Therefore, the trust re-
lationship is mandatory. The Aadhaar system in India is an
example of a centralised digital ID system. Over 1.2 billion
people’s biometric and demographic information is stored in
the Aadhaar centralised database. Another example is Nige-
ria, which has implemented a centralised NeID system called
the National Identification Number (NIN) [17]. All Nigerian
citizens and legal residents are required to have NIN. A Nige-
rian National Identity Card is issued upon completion of en-
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rolment into the Nigerian National Identity Database (NIDB)
and consists of 11 digit numbers. The database is tied to es-
sential public services to improve management and efficiency.
Countries such as Ethiopia, Singapore, Malaysia, and South
Korea also use centralised digital ID systems. One of the key
potential benefits of a centralised digital ID is its apparent au-
thority to appeal to. This occurs in situations where the use
of a digital ID is disputed. Other benefits include increased
efficiency in service delivery and enhanced identity verification
for government and private sector activities. However, there
are also concerns about privacy and the potential misuse of
personal data in centralised systems [5, 6, 18].
Decentralised : In a decentralised system, each user is re-
sponsible for their own identity [16]. A good example is Es-
tonia’s eID system. This system is based on a decentralised
architecture that allows citizens to securely access government
and private sector services using a single identity credential
known as eID [8]. eID is a smart card containing a microchip
with a unique digital identity certificate linked to the citizen’s
identification code. eID allows citizens to access various on-
line services securely, including voting, banking, healthcare
and taxation. Another country with a decentralised NeID is
Switzerland, which launched a system known as SwissID [19].
SwissID is a joint initiative among several Swiss companies
and institutions. It is based on a blockchain-based architec-
ture that allows users to control their data and manage their
identity credentials securely. The apparent strengths of de-
centralised systems include increased privacy, security, user
control, and improved interoperability across different sec-
tors. However, decentralised NeID systems introduce addi-
tional technological complexities and are often challenging to
scale compared to the centralised approach [20].

3 Risks and Challenges

Although various deployments of NeID systems exist across
countries, they perform similar functions and share common
features and risks. In particular, NeID systems support indi-
vidual registration, personal data collection, credentials man-
agement, and online authentication and authorisation. Next,
the risks associated with these systems are discussed.

3.1 Security and privacy concerns

Impersonation risk : The risks of presenting false evidence
(either stolen or counterfeit) can be actualised on a much
larger scale in NeID systems [18]. Impersonation involves a
person pretending to have the identity of genuine person. Al-
though this type of attack does not constitute a large-scale
hack if it affects only a single individual or a few individuals,
it may nonetheless significantly impact the victims [21].
Synthetic IDs: Criminals develop synthetic identities by
combining real (usually stolen) and fake information to cre-
ate a fictitious identity [18] that can be used to open fraudu-
lent accounts and make purchases. Unlike impersonation, the
criminal is pretending to be someone who does not exist in
the real world rather than impersonating an existing identity.
Synthetic IDs can be used to obtain credit cards or online
loans and withdraw funds with accounts abandoned shortly
thereafter. An excellent example of synthetic ID fraud is the

2018 Aadhaar system hacks [22], in which software vulnerabil-
ity allows the generation of unauthorised Aadhaar numbers.
Data corruption, error, and loss: The reliability of NeID
can be undermined by source documents that are simple to
tamper with. For example, massive attack fraud is more likely
to occur remotely than in person or through processes that re-
quire human intervention [15, 21]. Although NeID alleviates
some drawbacks of paper-based systems by providing security
features and secure authentication, it also poses a major risk
of data corruption, error, and loss. For example, data may be
introduced, modified, or deleted without authorisation.
Identity life cycle risks: An inadequate identity lifecy-
cle and access management can intentionally or unintention-
ally compromise the authenticity of authenticators and enable
unauthorised individuals to access and misuse the privileges
of ID users [21]. For example, an identity must be revoked or
terminated promptly when it ceases to exist (such as when the
identity owner dies), is found fraudulent, or no longer meets
the eligibility requirements. Failure to implement better iden-
tity lifecycle management exposes the system to risk, as a
malicious party can exploit such an ID.
Authentication risks: Authentication risks occur when a
legitimately issued digital ID is compromised, and its creden-
tials or authenticators are under the control of an unauthorised
person. Malicious actors may assert an individual’s legitimate
identity to a relying party to obtain unauthorised access to
services and data because of vulnerabilities in the types and
number of authentication factors [18, 21]. For instance, bio-
metric data can be stolen in bulk from central databases. An
example is the Philippines election hack [23], in which the data
of over 70 million registered voters were compromised. Unlike
passwords, which can easily be changed if compromised, indi-
vidual possesses only a finite number of biometric attributes
(2 eyes, 10 fingers, and a face), which are difficult to replace.
Data breach : NeID systems hold massive PII, including bio-
metrics belonging to a considerable number of people, making
them an interesting target for adversaries. In the context of
identity theft, it is impossible to guarantee the security of such
vast databases [24]. A successful attack on such a database
can compromise the massive PII of individuals [25] and poten-
tially lead to large-scale identity theft [23]. These could pose
major privacy breaches, fraud, or other related financial crime
risks, owing to the potential scale of the attack.
Open communications network : Identity-proofing and
authenticating individuals over an open communication net-
work (the internet) creates additional risks for NeID systems.
It presents multiple cyberattack opportunities between the
communicating parties (ID Provider, relying party, and end-
user) [15]. Criminals and other bad actors may be able to
abuse the systems to create false identities or exploit authen-
ticators linked to a legitimate identity.

3.2 Digital divide and exclusion

The NeID System can exacerbate existing inequalities and cre-
ate a digital divide between those with access to the system
and those without access. For example, when NeID systems
do not exist, cover all or most persons in a jurisdiction, or
exclude specific populations, they may drive the exclusion
of services [15]. Biometric failures, Internet connectivity is-
sues, lack of accessibility or reliable infrastructure can under-
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mine the NeID system excluding residents from accessing crit-
ical services. In India, there have been reports of starvation
deaths caused by the failure to access critical government ser-
vices [26]. There is also the risk of exclusion when countering
fraud [27]. Moreover, bias in biometric technology can dispro-
portionately affect certain races and genders [28]. Exclusion
can also occur when an ID system is too complicated for users
to understand or relies too heavily on obscure technology [29].

3.3 Legal and regulatory issues

Data protection risk : NeID systems collect and store a
large amount of personal data, including biometric data, which
raises concerns about privacy and data protection. The lack
of adequate privacy safeguards could expose citizens’ data to
risk. Additionally, NeID may affect people’s ability to exer-
cise their privacy. For example, in India, women who had
previously saved secretly were forced to open bank accounts,
putting their savings at a greater risk of exposure to spouses
and family members who had power over them [30].
Interoperability : NeID systems need to be interoperable
with government and private sector systems to deliver seam-
less service. In this way, non-compatibility with the relying
organisation’s policies, industry regulations, legal framework,
and standards could hinder interoperability and adoption.
Data misuse: A major risk associated with digital identity
adoption is how the government and private sector will use
and store biometric information [7]. Profiling, surveillance,
intelligence gathering, and data sharing without user consent
are other potential misuses associated with centralised foun-
dational ID systems [5, 6, 18]. This is most likely to occur
if there are not enough privacy and data protection laws in
place, if those laws are not enforced well, or if a new law is
passed that provides access to the database for other purposes
after the system has been implemented. Similarly, there is a
possibility of abuse when NeID systems are made available for
commercial applications. A case study is India [11] where it
was ruled that Aadhaar has been used illegally for verification
during the creation of bank accounts, and mobile numbers.

4 Discussion

4.1 Case studies of successful deployments

There have been several successful implementations of NeID
systems worldwide, each with unique features and approaches
to address risks and challenges. Next, we discuss some exam-
ples of such implementations.
India’s Aadhaar : India’s Aadhaar system has been hailed
as one of the largest NeID implementations in the world, with
over 1.2 billion registered users. It uses multifactor authenti-
cation, which combines biometric authentication (fingerprints
and iris scans), a one-time password (OTP), and demographic
authentication to ensure that only an authorised person can
access their Aadhaar information [2]. Aadhaar also uses a QR
code containing encrypted information that authorised parties
can only read to provide additional security for user data. It
uses virtual IDs (VIDs), which are temporary numbers that
can be used instead of Aadhaar numbers for authentication
purposes [2]. This helps protect the Aadhaar number from

being shared with unauthorised people. Aadhaar data are also
restricted to only authorised organisations and use advanced
encryption to protect the collected personal data [2].

Aadhaar system is available in multiple languages and is
designed to be user-friendly, with a simple interface to ensure
that all users can access it easily [2]. Furthermore, Aadhaar
provides alternative verification methods for users who may
not have access to a mobile phone or the Internet, such as an
Aadhaar letter, that can be used for authentication. Neverthe-
less, there is still a need for clear and comprehensive data pro-
tection laws to protect individual privacy and personal data.
While the Personal Data Protection Bill was introduced in
2019 to address this issue, it is yet to be enacted [32]. There
have also been several legal challenges to the Aadhaar system,
with critics arguing that it violates citizens’ right to privacy
and can be used for surveillance purposes [11]. Aadhaar also
suffers from limited accessibility and the risk of exclusion, es-
pecially in rural areas with limited technology access.

Singapore’s SingPass: Singapore’s NeID system, SingPass,
uses multifactor authentication to verify the identity of its
users [10]. The system requires users to provide a username
and password, biometric verification, and a One-Time Pass-
word (OTP) sent to their registered phone number or gen-
erated by a security token [10]. All communication between
the user’s device and the SingPass server is encrypted using
the Transport Layer Security (TLS) protocol, which provides
high security for online transactions [33]. Moreover, users are
given control over their data. For example, users can view
their login history, change their passwords, personal informa-
tion, and set up notifications for suspicious activities such as
login attempts from unknown devices or locations.

SingPass is designed to be user friendly and accessible in
multiple languages. It is accessible to all users, including those
with disabilities, and offers options for users with visual im-
pairments such as screen readers and text-to-speech capabili-
ties [33]. There is an alternative verification method for users
who may not have access to a mobile phone or security token,
such as a physical token that generates a one-time password.
The SingPass eID system operates based on the principle of
consent, which means that users must give explicit consent
before their data are collected, processed, or shared [33]. In
addition, the SingPass user agreement explicitly states the
purpose for which the data will be used and allows users to
opt out. Singapore has enacted various laws to support the
SingPass eID system, including the Electronic Transactions
Act (ETA), the Personal Data Protection Act (PDPA),and
the Cybersecurity Act, which establishes a framework for pro-
tecting critical information infrastructure. SingPass is inter-
operable with other eID systems worldwide, allowing users to
access online services in different countries and enabling users
of other eID systems to access Singaporean online services.

However, the SingPass authentication method may exclude
less-tech-savvy people who have difficulty remembering their
passwords or navigating the authentication process. Likewise,
SingPass is a single point of failure for accessing multiple gov-
ernment e-services. Therefore, any issue with the system could
disrupt access to all the e-services that rely on it.

Estonia’s eID : Estonia is considered to have one of the most
advanced NeID systems in the world [33]. Estonia’s eID sys-
tem uses a two-factor authentication mechanism that requires
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a smart card and a PIN code. Users has complete control
over the card and can decide which data to share with whom
and revoke access when desired [34]. In addition, the system
uses advanced encryption techniques to secure communication
between the user’s device and online service provider. This en-
sures that sensitive information is protected from interception
and unauthorised access. Furthermore, the Estonian govern-
ment implemented a centralised security management system
to monitor and detect any security breach, allowing a quick
response to security issues.

Legislation has been enacted to support the system, in-
cluding the Identity Documents Act, Personal Data Protection
Act, Electronic Identification and Trust Services for Electronic
Transactions Act, and the Digital Signatures Act.1 These laws
provide a legal framework for the eID system and ensure it op-
erates per European Union (EU) data protection and privacy
regulations. In addition, Estonia’s eID system is designed to
be interoperable with other eID systems across the EU. This
allows Estonian citizens to access online services in other EU
countries and also allows citizens of other EU countries to
access Estonian online services [33]. This system uses public-
key cryptography, which provides a high level of security and
ensures the integrity of electronic transactions.

Estonia’s eID system is accessible to all citizens and resi-
dents regardless of their location or socioeconomic status. It
is also designed to be user friendly and available in multiple
languages, including Estonian, Russian, and English, to en-
sure that all users can easily access it. However, similar to
SingPass, Estonia’s eID system is a single point of failure for
accessing multiple e-services. Also, there is a risk of limited
accessibility, as the current deployment may be challenging for
less-tech-savvy users with difficulty using an ID card reader.

4.2 Best practices for mitigating the risks

Risk assessment : For a NeID system to become a critical
strategic asset, it must be widely used, highly trusted, reliable,
and accessible [1]. To achieve this, identifying and assessing
NeID systems risks are crucial. This can be achieved through
a risk assessment process that involves identifying potential
threats, evaluating their likelihood, assessing their impacts,
and prioritising them based on their level of risk. However,
the risk assessment needs to consider the varied risk impacts
on the different NeID stakeholders, the context of use and the
community the NeID systems serve. By understanding these
risks, we can better prepare to take action to mitigate them.

Stakeholders involvement : There is also a need to involve
the stakeholders in the design and implementation of the sys-
tem. This will bring diverse perspectives and insights, ensur-
ing that broader stakeholder concerns are considered as the
system is being developed. Stakeholder involvement can help
identify high-risk areas that require more attention and enable
the development of more effective risk management strategies.
It could also increase transparency and accountability, and
build trust between stakeholders and the NeID provider.

Privacy protection : Privacy generally refers to norms and
practices that safeguard human autonomy, identity, and dig-
nity. The freedom of individuals to consent to the disclosure or
control aspects of their identities (such as their body, data, and

reputation) and the limitations of observation are typically ad-
dressed by these norms and practices [31]. Personal data are
one of the most valuable assets of NeID. Therefore, privacy
values like anonymity, confidentiality, and control should be
prioritised for NeID system design, development, and deploy-
ment. Robust legal and regulatory frameworks will also ensure
that NeID systems are effectively and transparently governed,
as they will provide clear rules and regulations to manage per-
sonal data collection, use, and sharing.

5 Conclusion

The evolution of NeID systems has been driven by the need for
more secure and convenient ways to authenticate identities on-
line. These systems support individual registration, personal
data collection, credentials management, and online authenti-
cation. Despite its potential benefits, NeID has several techni-
cal challenges and risks that must be addressed. In this study,
we discussed the different categories of NeID risk, and explored
the successful deployment of these systems, whilst examining
how specific risks and other challenges posed by this technol-
ogy are addressed. In reviewing of different NeID systems and
the efforts made in order to mitigate unique risks and chal-
lenges presented within each deployment, our findings show
that successful implementations share common features, such
as strong authentication measures, robust data protection and
encryption protocols, and clear policies and regulations. As
NeID systems become more widespread, it is imperative that
all NeID stakeholders have a comprehensive understanding of
the associated risks and challenges for the effective design and
implementation of robust control measures to help make the
system secure, accessible, reliable and trustworthy, thereby
realising more benefits to citizens.

6 Acknowledgements

This work was supported in whole by the Bill & Melinda Gates
Foundation [INV-001309]. Under the grant conditions of the
Foundation, a Creative Commons Attribution 4.0 Generic Li-
cense has already been assigned to the Author’s Accepted
Manuscript version that might arise from any submission.

References

[1] Atick, J.. ‘Digital identity: the essential guide’, 2018.
[Online; last accessed 3-December-2022]

[2] Pratyush, R.T., Dhruv, A., Prakhar, J., Swagam, D.,
Preetha, D., Vineet, R., et al.. ‘India’s aadhaar bio-
metric id: Structure, security, and vulnerabilities’, 2022.
https://fc22.ifca.ai/preproceedings/137.pdf

[3] UIDAI. ‘What is aadhaar’, 2019. [Online; last accessed
31-July-2022]. https://uidai.gov.in/en/

[4] ID4D. ‘Assess risks’, 2018. [last accessed 17-July-2022].
https://id4d.worldbank.org/guide/assess-risks

[5] Panigrahy, S.K., Jena, D., Korra, S.B., Jena, S.K. ‘On the
privacy protection of biometric traits: Palmprint, face, &

1https://www.skidsolutions.eu/en/repository/legislation

5

Exploring the risks and challenges of national electronic identity (NeID) system

https://fc22.ifca.ai/preproceedings/137.pdf
https://uidai.gov.in/en/
https://id4d.worldbank.org/guide/assess-risks


signature’. In: Contemporary Computing. Berlin, Hei-
delberg: Springer Berlin Heidelberg, 2009. pp. 182–193

[6] Grassi, P.A., Garcia, M.E., Fenton, J.L..
‘Digital identity guidelines’. NIST, 2020.
[Online; last accessed 17-November-2022].
https://pages.nist.gov/800-63-3/sp800-63-3.html

[7] Halperin, R., Backhouse, J.: ‘Risk, trust and eid: Explor-
ing public perceptions of digital identity systems’, First
Monday, 2012, 17

[8] Martens, T.: ‘Electronic identity management in estonia
between market and state governance’, Identity in the In-
formation Society, 2010, 3, (1), pp.213–233

[9] Mariella, M.. ‘Estonia freezes resident id cards due to se-
curity flaw’, 2017. [Online; last accessed 17-June-2022].
https://www.engadget.com/2017-11-04-estonia

[10] Accenture. ‘Singapore revolutionises national id’, .
[Online; last accessed 23-December-2022].
https://www.accenture.com/at-de/case-studiesnew/

[11] CNN. ‘Aadhaar: India supreme court upholds controver-
sial biometric database’, 2018. [Online; last accessed 27-
November-2022].
https://edition.cnn.com/2018/09/26/asia/

[12] UK, G.. ‘Gov.uk verify overview’, . [Online; last accessed
17-October-2022].
https://www.gov.uk/government/publications/introducing

[13] Glick, B.. ‘Zombified gov.uk verify is officially dead - so
what’s next?’, 2021. [Online; last accessed 17-October-
2022].
https://www.computerweekly.com/blog/Computer-Weekly

[14] Hanson, F.: ‘Preventing another australia card fail’, Aus-
tralian Strategic Policy Institute, 2018, 18

[15] FATF. ‘Guidance on digital id’, 2020. [Online; last
accessed 31-september-2022].
https://www.fatf-gafi.org/publications/financialinclusion

[16] Dib, O., Toumi, K.: ‘Decentralized identity systems:
Architecture, challenges, solutions and future direc-
tions’, Annals of Emerging Technologies in Computing
(AETiC), Print ISSN, 2020, pp. 2516–0281

[17] Ayamba, I.A., Ekanem, O.: ‘National identity manage-
ment in nigeria: policy dimensions and implementation’,
International Journal for Humanities and Social Science
Studies, 2016, 3, (1), pp.279–287

[18] Dunstone, T., Yager, N.: ‘Biometric System and Data
Analysis’. 1st ed. Springer, 2009

[19] Mettler, T., Guenduez, A.A.: ‘From suisseid to swis-
sid: Overcoming the key challenges in switzerland’s e-
credential market’, 2019

[20] Chu, S., Wang, S.: ‘The curses of blockchain decentral-
ization’, arXiv preprint arXiv:181002937, 2018.

[21] Viktor, P., Evgenia, N., Marnix, D.. ‘Remote identity
proofing: Attack and countermeasures’, 2022.
https://www.enisa.europa.eu/publications/

[22] outlookindia. ‘Aadhaar software hacked, database com-
promised: Report’, 2018. [Online; last accessed 17-May-
2022].
https://www.outlookindia.com/website/story/

[23] Chi, L.. ‘Philippines elections hack ‘leaks voter data”.
BBC News, 2016. [Online; last accessed 17-May-2022].
https://www.bbc.co.uk/news/technology-36013713

[24] Davies, S., Hosein, I., Whitley, E.. ‘The iden-
tity project: an assessment of the uk iden-
tity cards bill and it’s implications’, 2005.
https://eprints.lse.ac.uk/684/1/identityreport.pdf,
accessed 31 May 2022

[25] BBC. ‘South korean id system to be re-
built from scratch’. BBC News, 2014.
[Online; last accessed 17-November-2022].
https://www.bbc.co.uk/news/technology-29617196

[26] Dey, N., Roy, A.. ‘How chunni bai’s death exposes the lie
about aadhaar’, 2018. [Online; last accessed 17-January-
2022].
https://timesofindia.indiatimes.com/home/sunday

[27] Jean, D., Nazar, K., Reetika, K., Anmol, S.: ‘Aadhaar
and food security in jharkhand’, , 2017, 11, (50)

[28] Buolamwini, J., Gebru, T. ‘Gender shades: Intersectional
accuracy disparities in commercial gender classification’.
In: FAT, 2018.

[29] Dhamija, R., Dusseault, L.: ‘The seven flaws of identity
management: Usability and security challenges’, IEEE
Security & Privacy, 2008, 6, (2), pp.24–29

[30] Ana, B., Jonathan, C., Joss, L., Chunbo, L., David, O..
‘Building digital identities’, 2017. [Online; last accessed
17-January-2022].
https://socialsciences.exeter.ac.uk/research/Buiding Digital Identities

[31] Nissenbaum, H. ‘Privacy in context’. In: Privacy in Con-
text. Stanford University Press, 2009.

[32] timesofindia. ‘Centre withdraws personal data protection
bill, 2019’, 2022. [Online; last accessed 12-April-2023].
https://timesofindia.indiatimes.com/india/centre-withdraws

[33] Cooper, A.K., Marskell, J.D., Chan, C.H.: ‘National dig-
ital identity and government data sharing in singapore:
A case study of singpass and apex’, 2022

[34] OECD.: ‘Digital opportunities for better agricultural
policies’. OECD, 2019

6

Exploring the risks and challenges of national electronic identity (NeID) system

https://pages.nist.gov/800-63-3/sp800-63-3.html
https://www.engadget.com/2017-11-04-estonia-freezes-resident-id-cards-security-flaw.html?
https://www.accenture.com/at-de/case-studiesnew/public-service/singapore-revolutionises-national-id
https://edition.cnn.com/2018/09/26/asia/india-aadhaar-ruling-intl/index.html
https://www.gov.uk/government/publications/introducing-govuk-verify/introducing-govuk-verify
https://www.computerweekly.com/blog/Computer-Weekly-Editors-Blog/Zombified-Govuk-Verify-is-officially-dead-so-whats-next
https://www.fatf-gafi.org/publications/financialinclusionandnpoissues/documents/digital-identity-guidance.html
https://www.enisa.europa.eu/publications/remote-identity-proofing-attacks-countermeasures
https://www.outlookindia.com/website/story/aadhaar-software-hacked-database-compromised-congress/316382
https://www.bbc.co.uk/news/technology-36013713
https://eprints.lse.ac.uk/684/1/identityreport.pdf
https://www.bbc.co.uk/news/technology-29617196
https://timesofindia.indiatimes.com/home/sunday-times/all-that-matters/how-chunni-bais-death-exposes-the-lie-about-aadhaar/articleshow/66009239.cms
https://socialsciences.exeter.ac.uk/media/universityofexeter/collegeofsocialsciencesandinternationalstudies/lawimages/research/Buiding_Digital_Identities_with_Behavioural_Attributes.pdf
https://timesofindia.indiatimes.com/india/centre-withdraws-personal-data-protection-bill/articleshow/93323625.cms

	Introduction
	Background and Context
	History of NeID systems
	NeID components
	Identity proofing and enrolment
	Authentication and ID lifecycle management
	Portability and interoperability mechanisms

	NeID systems implementation

	Risks and Challenges
	Security and privacy concerns
	Digital divide and exclusion
	Legal and regulatory issues

	Discussion
	Case studies of successful deployments
	 Best practices for mitigating the risks

	Conclusion
	Acknowledgements



