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ABSTRACT

The rapid introduction of artificial intelligence (AI) systems across both public and private sectors
has significantly increased the concerns regarding the protection of personal data and the right to
privacy. Privacy by Design (PbD) has emerged as a key regulatory and technological mechanism
aimed at embedding data protection safeguards within the design and architecture of digital
technologies. The objective of this article is to examine the legal and regulatory implications of
implementing Privacy by Design (PbD) within AI systems, with particular attention to the challenges
created by automated data processing and algorithmic decision-making. The central research
problem addressed is whether existing data protection frameworks are sufficiently equipped to
ensure effective privacy protection in increasingly complex AI ecosystem. This research adopts a
doctrinal and comparative legal methodology, the article analyses key regulatory instruments,
including the General Data Protection Regulation (GDPR) and the Nigeria Data Protection Act 2023,
alongside relevant academic literature on AI governance and data protection. It evaluates the extent
to which Privacy by Design principles are embedded in these frameworks and assesses their practical
applicability in AI systems. The findings reveal that while PbD has been formally recognized as a
regulatory obligation, its implementation remains constrained by technical limitations, particularly
the opacity of machine learning models and the data-intensive nature of AI systems. The article
argues that current legal frameworks, though progressive, do not fully address these structural
challenges. It argues that while Privacy by Design offers an important mechanism for safeguarding
personal data in AI-driven environments, significant legal and technical challenges remain in
ensuring its effective implementation. It concludes that strengthening Privacy by Design requires
enhanced regulatory clarity, interdisciplinary collaboration, and increased institutional capacity. The
article concludes by proposing regulatory and institutional strategies to enhance the integration of
Privacy by Design in AI governance frameworks, the adoption of enforceable design-based
standards, improved algorithmic transparency mechanisms, and greater international harmonization
of AI governance frameworks.
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I. INTRODUCTION

Artificial intelligence has rapidly transformed the digital economy by enabling advanced
data analytics, automated decision-making, and predictive modelling across many sectors,
including finance, healthcare, public governance, and digital platforms. Artificial
intelligence systems depend heavily on vast datasets for the training of machine learning
models and the generation of insights. Nevertheless, the intensive processing of personal
data within these technologies has raised significant concerns about privacy safeguards
and the protection of users’ fundamental rights. The deployment of Al-driven systems has
increased debates concerning the adequacy of existing data protection regulatory
frameworks. Traditional privacy legislation has historically concentrated on regulating the

CRSI1J26000098 COSMO RESEARCH AND SCIENCE INTERNATIONAL JOURNAL 145



© MAR 2026 | CRSI JOURNAL | VOLUME 1 ISSUE 5 ISSN: 3108-1584

collection, storage, and disclosure of personal data. However, Al systems introduce new
complexities because they often rely on algorithmic learning processes that analyze data
patterns in ways that may not be easily understood or controlled by human operators.

Privacy by Design means data protection by integrating privacy in technology during the
creation of the technology system. Privacy by Design is included in the General Data
Protection Regulation which requires data controller to integrate Privacy by Design into
their systems. The concept of Privacy by Design has emerged as an important regulatory
response to the challenges posed by modern data-driven technologies. Instead of
depending solely on corrective or enforcement-based measures after harm has occurred,
this approach promotes the incorporation of privacy protections at the early stages of
system development. It emphasizes a proactive approach in which safeguards are built
into the structure and operation of technological systems, ensuring continuous protection
throughout the entire data processing lifecycle.

Privacy by Design was originally conceptualized by Ann Cavoukian, former Information
and Privacy Commissioner of Ontario, Canada, who proposed seven foundational principles
for embedding privacy safeguards into. She developed a framework built on seven core
principles aimed at incorporating privacy protections into technological systems from the
early stages of development. These principles promote an anticipatory approach to risk
management, establish privacy as the default configuration, and require that data
protection measures be incorporated and maintained throughout the entire lifecycle of
data processing activities.

In recent years, Privacy by Design has attracted high legal recognition within
contemporary data protection regimes. A significant development in this area is reflected
in the General Data Protection Regulation, which adopted the principle of “data protection
by design and by default.” This provision obliges organisations to adopt suitable technical
and organisational measures that embed data protection requirements into their systems
and operations, ensuring ongoing compliance with established data protection principles.
Despite the developments of these regulatory frameworks, the practical implementation
of Privacy by Design in artificial intelligence systems remains complex. Al technologies
often rely on opaque algorithmic models, large datasets, and cross-border data flows,
which can make difficult the integration of privacy safeguards. By making privacy a priority
during the design and development of the technology of business process, organizations
demonstrate to their consumers that they respect their privacy rights and are committed
to ethical and transparent data practices. This promotes goodwill and trust with individuals
who want to be assured that their data will be safeguarded.

This article examines the legal and regulatory implications of applying Privacy by Design
to artificial intelligence systems. It analyses the conceptual foundations of PbD, evaluates
its integration into modern data protection frameworks, and explores the regulatory
challenges associated with implementing privacy safeguards in Al-driven environments.

II. CONCEPTUAL FRAMEWORK AND PRIVACY BY DESIGN

Privacy by Design is a proactive approach to privacy governance that seeks to integrate
privacy protection into the design and operation of technological systems. Unlike
traditional privacy regulation, which often addresses violations after they occur, Privacy
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by Design focuses on prevention by embedding privacy safeguards within the architecture
of technology systems that process personal data.

The concept of Privacy by Design emerged in the 1990s through the work of Ann Cavoukian
as a framework intended to ensure that privacy protection is embedded within information
systems, organizational processes, and technological infrastructures. The central idea is
that privacy should not be treated as an afterthought but must be incorporated as a default
feature of networked systems and technologies. This requires its integration into
institutional priorities, project planning, system design, and operational practices, as well
as into the standards and protocols that shape digital environments. Over time, this
framework has gained broad recognition among international data protection authorities
as a cornerstone of contemporary privacy regulation.

Privacy by Design adopts a proactive approach to data protection by embedding privacy
considerations into information technologies, business operations, and digital
infrastructures from the outset. Its objective is to anticipate and prevent privacy risks
before they materialize, rather than responding to breaches after they occur.

Privacy by Design framework is structured around seven foundational principles that guide
the development of privacy-conscious systems. These include a preventive rather than
reactive approach, the adoption of privacy as the default setting, the integration of privacy
into system architecture, the pursuit of full functionality without unnecessary trade-offs,
the provision of end-to-end protection throughout the data lifecycle, the promotion of
transparency and accountability, and a strong emphasis on user-centric privacy
safeguards. These principles collectively emphasize the necessity of embedding privacy
considerations at every stage of technological development. The proactive nature of
Privacy by Design distinguishes it from traditional regulatory approaches that rely heavily
on ex post enforcement mechanisms. By integrating privacy safeguards during the design
and development phase of technological systems, organizations can anticipate and
mitigate privacy risks before they occur. Scholars have argued that this design-based
approach is particularly important in the context of emerging technologies such as artificial
intelligence, where the scale and complexity of data processing make reactive regulatory
responses less effective.

Privacy by Design is a foundational principle of modern information technology, risk
management, and cybersecurity practices that ensures that privacy is incorporated into
systems and technologies by default during the design and development stage. Rather
that retroactively addressing privacy concerns resulting from new technologies or business
processes. Privacy by design supports regulatory and legal compliance, reputational and
financial security, proactive posture to legislative and cyber curves, systemic internal
standards and cost-effective privacy risk management.

Privacy by Design also represents a broader shift toward accountability-based governance
approach. Under this model, organizations are responsible for implementing internal
mechanisms that ensure compliance with data protection principles. Such mechanisms
may include privacy impact assessments, data minimization strategies, and the integration
of privacy-enhancing technologies.

Privacy by Design is a model that has the aim of safeguarding privacy of users through
intentional design choices incorporated into technology systems. Unlike traditional privacy
and data protection mechanisms that see privacy as an afterthought, privacy by design
makes privacy protection the center starting from the development stages of the
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technology. The proactive approach represents a significant shift in the reaction of privacy
compared to the traditional model that is retroactive in nature. In the modern data
protection era, privacy by design provides an essential framework for sustainable and
ethical data handling that respects privacy rights of individuals.

III. SEVEN FOUNDATIONAL PRINCIPLES OF PRIVACY BY DESIGN
The Privacy by Design framework is built on seven foundational principles:
A. Proactive not Reactive,; Preventive not Remedial

This principle presents the model that enables the technology system to anticipate, identify
and prevent privacy invasion before they occur. It aims to prevent them from occurring.
This begins with having the understanding of the value and importance of adopting
proactive strong privacy practices, early to stop privacy breaches from occurring. This
principle demonstrates; a strong commitment to set and implement strong standards of
privacy. A privacy commitment that is recognized and adopted by users and stakeholders.
A recognized mechanism to identify poor privacy designs, anticipate poor privacy practices
and outcomes, and resolve any negative outcome early before the event happens.

B. Privacy as the Default Setting

This principle emphasizes that systems and business practices should be configured to
offer the highest level of privacy automatically, without requiring any action from the user.
Even if users do not adjust settings, their personal data remains protected. The principle
of privacy by default is grounded in concepts such as purpose limitation, data minimization,
and collection restriction, ensuring that only necessary personal data is processed.

C. Privacy Embedded into Design

Privacy should be integrated directly into the architecture and design of information
systems and organizational processes from the outset, rather than added as an
afterthought. This principle requires a comprehensive and creative approach, incorporating
privacy into technological systems, operations, business practices, and data
infrastructures.

D. Full Functionality; Positive-Sum, not zero-Sum

This principle promotes a “win-win” approach, where privacy and other legitimate
objectives, such as security, coexist without compromising each other. Privacy by Design
encourages solutions that accommodate all valid interests, demonstrating that it is
possible to achieve both privacy and functionality simultaneously.

E. End-to-End Security- Full Lifecycle Protection

Strong security measures should protect personal data throughout its entire lifecycle, from
collection to secure destruction. Embedding end-to-end protection ensures that
information remains secure during processing, storage, and transfer, and that data is
disposed of safely once no longer needed.

F. Visibility and Transparency

Privacy by Design requires that processes and systems operate in an open and verifiable
manner. Stakeholders and users should be able to confirm that privacy standards are
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applied consistently and in accordance with stated commitments. This principle
emphasizes accountability, openness, and compliance with privacy obligations.

G. Respect for User privacy

Systems should be designed to safeguard user interests through strong privacy defaults,
clear notice, and accessible options for data management. Effective privacy by design
places users at the centre, enabling them to exercise control over their personal
information. Key elements of this principle include ensuring consent, data accuracy, and
adherence to privacy regulations.

1v. ARTIFICIAL INTELLIGENCE AND EMERGING PRIVACY RISKS

Artificial intelligence technologies present significant challenges for privacy protection due
to their dependence on large datasets and complex algorithmic models. Machine learning
systems typically require extensive training data in order to identify patterns and generate
predictions. These datasets often contain personal information, which may include
sensitive data such as biometric identifiers, health information, or behavioural data. One
major concern associated with Al systems is the increasing use of automated decision-
making processes. Algorithms are rapidly deployed to make decisions in areas such as
employment screening, credit scoring, law enforcement, and healthcare diagnostics. Such
systems can produce outcomes that significantly affect individuals’ rights and interests.

A major challenge in regulating Al-driven decision-making processes is the opacity of many
algorithmic systems. Complex machine learning models often operate as “black boxes,”
meaning that their decision-making processes are difficult to interpret or explain. This lack
of transparency raises concerns regarding accountability, fairness, and due process.
Scholars have argued that algorithmic opacity may undermine fundamental legal principles
such as the right to explanation and procedural fairness. When individuals are subjected
to automated decision-making processes, they may have limited ability to understand how
those decisions were made or to challenge potentially erroneous outcomes.

Another significant privacy risk associated with artificial intelligence involves the practice
of data repurposing. Al systems frequently rely on large datasets collected for one purpose
but subsequently used for entirely different analytical purposes. This practice may
undermine the principle of purpose limitation, which is a core element of many data
protection frameworks.

Additionally, advances in data analytics have increased the risk of re-identifying individuals
from datasets that were originally anonymized. Research has shown that combining
multiple datasets can often enable the reconstruction of personal identities even when
direct identifiers have been removed.

These risks illustrate the limitations of traditional privacy governance frameworks. Artificial

intelligence requires a more comprehensive regulatory approach that addresses privacy
concerns throughout the entire lifecycle of technological development.
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V. PRIVACY BY DESIGN UNDER CONTEMPORARY DATA PROTECTION LAWS

Modern data protection legal frameworks have rapidly embedded Privacy by Design as a
vital regulatory principle. The GDPR represents one of the most prominent examples of
this development. Article 25 of the GDPR requires data controllers to implement “data
protection by design and by default,” ensuring that appropriate technical and
organizational measures are integrated into data processing systems. This provision
represents a significant shift in regulatory approach. Rather than focusing solely on
compliance after data processing has begun. The General Data Protection Regulation
requires organizations to integrate privacy considerations into the design and development
of technological systems. In particular, Article 25 establishes the principle of “data
protection by design and by default,” obliging controllers to adopt appropriate technical
and organizational measures such as data minimization, pseudonymization, and access
controls. These measures are intended to ensure that the processing of personal data is
restricted to what is strictly necessary for clearly defined purposes. The Regulation further
highlights the role of Data Protection Impact Assessments (DPIAs), which require
organizations to evaluate potential risks to individuals’ rights and freedoms before
deploying technologies that involve high-risk data processing.

Similarly, the EU Artificial Intelligence Act extends this design-based approach to artificial
intelligence systems by requiring privacy considerations to be incorporated from the
earliest stages of system development. It reinforces key GDPR principles, including data
minimization and pseudonymization, particularly in relation to high-risk Al applications. In
addition, it mandates that the rights to privacy and data protection must be preserved
throughout the entire lifecycle of Al systems.

Beyond the European framework, comparable approaches can be observed in other
jurisdictions. Canada’s Personal Information Protection and Electronic Documents Act
promotes the adoption of organizational privacy management programmes that integrate
data protection safeguards into technologies and business practices. In the United States,
the California Consumer Privacy Act encourages organizations to adopt privacy-conscious
design practices as part of compliance strategies. At the international level, the
Organization for Economic Co-operation and Development privacy guidelines emphasize
accountability and proactive risk management as central elements of effective data
governance.

In Nigeria, the Nigeria Data Protection Act 2023 introduces several provisions that reflect
the principles underlying Privacy by Design. The Act requires data controllers and
processors to implement appropriate technical and organizational measures to safeguard
personal data and ensure compliance with data protection principles. Although the Act
does not explicitly use the term Privacy by Design, its provisions emphasize proactive risk
management and accountability mechanisms that align closely with the PbD framework.

The Nigeria Data Protection Act (NDP Act) 2023, General Application and Implementation
Directive (GAID) 2025 which serves as the subsidiary instrument of the NDP Act made by
the Nigeria Data Protection Commission, made express provisions for the integration of
Privacy by Design into technologies. Article 26 of the NDP Act GAID mandates data
controllers to prioritize privacy by design and by default, and should adopt of
anonymization or pseudonymization in their data processing system. Article 28 of the
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GAID also requires that Data Privacy Impact Assessment should contain measures which
ensure privacy by design and by default and shall take into consideration the principles of
privacy by design. Article 31(2)b of the GAID also mandates that software is designed in
accordance with the principles of privacy by design and by default.

VI. IMPLEMENTING PRIVACY BY DESIGN IN TECHNOLOGY SYSTEMS

Developers can incorporate privacy protections directly into technological systems by
embedding features such as encryption, access controls, and anonymization within the
architecture and underlying code. A critical aspect of this process is the conduct of
comprehensive privacy impact assessments at the early stages of system design, and
where necessary, at later stages of deployment. This enables the early identification and
mitigation of potential privacy risks before they materialize.

A range of tools and frameworks support the practical implementation of Privacy by
Design. Privacy engineering methodologies offer structured approaches for integrating
data protection into system development, while secure software development frameworks
promote adherence to established cybersecurity standards. Advanced cryptographic
techniques, including homomorphic encryption, allow certain computations to be
performed on encrypted data without exposing its contents. In addition, automated
scanning tools assist in detecting vulnerabilities within systems and codebases. The
application of measures such as encryption, access controls, activity logging, and data
minimization can significantly reduce the impact of data breaches when they occur. When
effectively implemented, Privacy by Design ensures that privacy safeguards are embedded
within the core architecture of technological products, including their code, default
settings, and user interfaces. It also supports continuous evaluation through testing,
internal and external audits, and periodic system updates to address evolving risks.

Several technology platforms illustrate the practical application of these principles. For
example, Apple iOS incorporates privacy-focused features within its data processing
practices and provides users with tools to manage how their personal information is shared
with applications. Similarly, DuckDuckGo limits third-party tracking and reduces
unnecessary data collection by default. In the field of digital assets, Monero enhances
transactional privacy by concealing key identifying metadata associated with users.

VII. CHALLENGES OF IMPLEMENTING PRIVACY BY DESIGN IN AI SYSTEMS

Despite its regulatory recognition, implementing Privacy by Design in artificial intelligence
systems presents several significant challenges. One major challenge arises from the
technical complexity of machine learning models. Many AI systems rely on deep learning
architectures that generate predictions based on complex statistical relationships within
large datasets.

These models often lack transparency, making it difficult to assess whether privacy
safeguards have been adequately integrated into their design. This problem is particularly
acute in cases involving automated decision-making systems that significantly affect
individuals’ rights.
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Another challenge involves the tension between data minimization and the data-hungry
nature of machine learning technologies. Al models often require large datasets in order
to achieve high levels of predictive accuracy. Limiting data collection in accordance with
data protection principles may potentially reduce the effectiveness of Al systems.

Additionally, AI development frequently involves cross-border data flows and multinational
technology companies operating across multiple jurisdictions. Differences between
national data protection frameworks may create regulatory uncertainty regarding the
implementation of Privacy by Design.

Institutional capacity also represents a significant challenge. Data protection authorities
must possess sufficient technical expertise to evaluate complex Al systems and assess
whether organizations have effectively implemented privacy safeguards.

VIII. STRENGTHENING PRIVACY BY DESIGN IN AI GOVERNANCE

To address these challenges, several regulatory strategies should be considered to
strengthen the integration of Privacy by Design in artificial intelligence governance.

First, regulators should promote and enforce the widespread use of Data Protection Impact
Assessments for AI systems that process large volumes of personal data or involve
automated decision-making processes. DPIAs provide an important mechanism for
identifying privacy risks before technologies are deployed in the collection and processing
of personal data.

Second, organizations should adopt multidisciplinary approaches to Al development that
integrate legal, technical, and ethical expertise. This method can help ensure that privacy
considerations are addressed during system design stage rather than after deployment of
the technology.

Third, data protection legal frameworks should emphasize the obligation of transparency
and algorithmic accountability. Mechanisms such as explainable Al and algorithmic
auditing may help ensure that automated decision-making processes remain subject to
oversight and review.

Finally, international cooperation among regulatory authorities is essential to address the
global nature of artificial intelligence development. Harmonized regulatory standards can
help ensure consistent privacy protections across jurisdictions.

IX. CONCLUSION

Artificial intelligence technologies present unprecedented opportunities for innovation and
economic growth, but they also create significant challenges for privacy protection. Privacy
by Design offers a proactive approach for embedding privacy protections directly into the
structure of AI systems. By incorporating privacy measures from the earliest stages of
system design and development, this framework seeks to anticipate and prevent potential
privacy violations before they arise.
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Modern regulatory frameworks such as the GDPR have integrated this principle into legally
binding obligations for organizations that process personal data. Privacy by design helps
organizations to align their data practices with societal expectations.

However, the effective implementation of Privacy by Design in Al governance remains
complex due to the technical nature of machine learning systems and the global nature of
data processing. Addressing these challenges requires legal reforms, technological
innovation, and institutional capacity building. As artificial intelligence continues to
transform the digital economy, integrating privacy safeguards into system design will
remain essential for protecting fundamental rights and maintaining public trust in
emerging technologies.
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