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ABSTRACT 

The rapid expansion of cloud computing ecosystems has significantly transformed 

identity and access management (IAM) paradigms, extending beyond human 

users to include non-human identities (NHIs) such as APIs, microservices, 

workloads, service accounts, and automated agents. These identities now 

dominate enterprise cloud environments and represent a critical but often under-

governed attack surface. This paper investigates governance frameworks and 

protection strategies for NHIs in Cloud IAM, emphasizing policy enforcement, 

least-privilege mechanisms, lifecycle management, and cross-system 

interoperability. 

Drawing upon interdisciplinary literature in governance models, disability studies 

frameworks of inclusion, collaborative systems theory, and digital policy 

regulation, the study develops a conceptual synthesis for securing NHIs through 

adaptive governance structures. The analysis highlights fragmentation in existing 

IAM practices, lack of lifecycle visibility for machine identities, and limited 

auditing mechanisms as key vulnerabilities. 

The findings propose a multi-layer governance model integrating continuous 

identity verification, automated policy orchestration, and collaborative security 

accountability inspired by pentahelix and network governance frameworks. The 

study contributes to cloud security literature by redefining identity governance 

boundaries and introducing structured protection strategies for non-human 

actors in distributed cloud infrastructures. 

 

1. INTRODUCTION

The evolution of cloud-native architectures has 

fundamentally reshaped identity ecosystems. 

Traditional Identity and Access Management (IAM) 

systems were designed primarily for human users; 

however, modern distributed systems rely heavily on 

non-human identities (NHIs), including service 

accounts, application programming interfaces 

(APIs), containers, orchestration agents, and 

automated workloads. These NHIs often outnumber 

human identities by orders of magnitude, yet they 

remain less governed and poorly audited. 

From a governance perspective, NHIs introduce 

complex challenges because they operate 

autonomously, interact across multiple services, and 

frequently require dynamic privilege adjustments. 

Unlike human users, their authentication patterns are 

continuous, system-driven, and often embedded 
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within infrastructure code. This creates a governance 

gap in accountability, lifecycle tracking, and anomaly 

detection. 

The relevance of this research is further amplified by 

increasing incidents of credential misuse, token 

leakage, and privilege escalation attacks targeting 

machine identities in cloud ecosystems. Governance 

frameworks must therefore evolve toward automated, 

scalable, and context-aware models that can handle 

identity proliferation without compromising security 

or performance. 

The objective of this paper is to develop a structured 

governance and protection strategy framework for 

NHIs in Cloud IAM environments. It aims to (i) 

analyze existing theoretical foundations of 

governance models, (ii) identify gaps in current IAM 

systems, and (iii) propose a multi-layered protection 

architecture informed by collaborative governance 

and security literature. 

The scope of this research is limited to cloud-based 

IAM environments, focusing on machine identities 

rather than human users. The study draws from 

interdisciplinary literature, including organizational 

governance, digital collaboration frameworks, and 

inclusion-based system design principles, to 

construct a holistic analytical perspective. 

2. LITERATURE REVIEW 

2.1 Governance and Collaborative Frameworks in 

Digital Systems 

Governance in distributed systems has been widely 

studied in relation to collaboration, coordination, and 

cooperation mechanisms among organizational 

actors. Castañer and Oliveira (2020) emphasize that 

these three constructs, while often used 

interchangeably, represent distinct operational 

mechanisms for achieving structured collaboration in 

complex environments. In Cloud IAM systems, 

similar distinctions apply when managing 

interactions between human administrators, 

automated agents, and non-human identities. 

Lopes and Farias (2022) further argue that 

governance mechanisms in public sector innovation 

require structured coordination frameworks to ensure 

accountability and adaptability. These insights are 

directly applicable to cloud IAM governance, where 

identity interactions span multiple autonomous 

systems. 

Wang and Ran (2023) extend this perspective by 

analyzing network governance and collaborative 

governance as intertwined constructs, highlighting 

their relevance in managing distributed and 

interdependent systems. This theoretical foundation 

is critical for understanding how NHIs should be 

governed across multi-cloud infrastructures. 

2.2 Identity, Inclusion, and Systemic Access 

Models 

Although primarily grounded in social systems, 

disability and inclusion literature provides important 

analogies for identity governance systems. Haug 

(2017) and Simplican et al. (2015) conceptualize 

inclusion as a structured interaction between 

individuals and systems, emphasizing accessibility, 

participation, and contextual adaptation. These 

principles can be metaphorically extended to NHIs, 

which require structured “access inclusion” within 

cloud environments. 

Banas et al. (2019) highlight methodological 

challenges in engaging complex and 

underrepresented subjects within research systems, 

particularly regarding recruitment and retention 

barriers. Similarly, NHIs in IAM systems suffer from 

“visibility barriers,” where lifecycle tracking and 

identity persistence are insufficiently managed, 

leading to governance blind spots. This analogy 

supports the need for structured lifecycle visibility 

mechanisms for machine identities. 

Burke and Barnes (2018) discuss layered policy 

systems and governance fragmentation, which 

parallels the kludge-like architecture of modern IAM 

systems where machine identities are managed 

through overlapping tools without unified oversight. 
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2.3 Pentahelix and Multi-Stakeholder 

Governance Models 

The pentahelix model has emerged as a key 

framework in collaborative governance literature. 

Halibas et al. (2017), Subagyo (2021), and Sudiana et 

al. (2020) demonstrate how multi-actor collaboration 

improves innovation and governance outcomes. 

These frameworks typically involve government, 

academia, business, community, and media actors. 

In cloud IAM ecosystems, NHIs can be 

conceptualized as autonomous “actors” requiring 

governance integration similar to pentahelix 

collaboration structures. Maturbongs and 

Lekatompessy (2020) further highlight that 

collaborative governance enhances system 

adaptability in dynamic environments, reinforcing 

the need for adaptive IAM policies. 

2.4 Identity Management and Security 

Foundations 

Cloud identity governance relies heavily on least-

privilege principles, continuous authentication, and 

role-based access control systems. However, existing 

literature indicates that NHIs are often excluded from 

strict enforcement mechanisms due to operational 

complexity and scalability constraints. 

Bartley (2022) discusses transnational regulatory 

systems and highlights the importance of structured 

enforcement mechanisms in decentralized 

environments. This is relevant for IAM systems 

where NHIs operate across distributed cloud 

infrastructures. 

Kim and Zhu (2020) emphasize the role of digital 

applications in improving inclusion and access 

control, suggesting that technological mediation can 

enhance structured participation—an idea 

transferable to automated identity governance. 

2.5 Research Gap Identification 

Despite extensive research in governance systems, 

collaborative frameworks, and identity management, 

there remains a significant gap in addressing NHIs as 

first-class citizens within IAM architectures. Existing 

systems primarily focus on human-centric access 

control, leaving machine identities under-governed, 

poorly audited, and vulnerable to exploitation. 

Furthermore, there is limited integration between 

governance theory and technical IAM 

implementations, particularly in cloud-native 

environments where identities are ephemeral and 

dynamically generated. This gap necessitates a 

unified governance framework that integrates 

lifecycle management, policy orchestration, and 

continuous monitoring for NHIs. 

3. Methodology 

This study adopts a conceptual research methodology 

combined with systematic synthesis of existing 

literature to develop a governance framework for 

non-human identities (NHIs) in cloud Identity and 

Access Management (IAM) systems. The approach is 

qualitative, interpretive, and theory-building in 

nature, aimed at bridging gaps between IAM security 

engineering and governance theory. 

3.1 Research Design 

The research design follows a structured analytical 

framework built on three layers: 

1. Theoretical synthesis layer – extraction of 

governance, collaboration, and identity-related 

principles from selected literature. 

2. Comparative abstraction layer – mapping 

cross-domain concepts such as pentahelix 

governance, collaborative networks, and 

inclusion frameworks onto IAM systems. 

3. Framework construction layer – formulation of 

a conceptual multi-layer governance model for 

NHIs. 

The methodology aligns with qualitative data 

analysis principles, emphasizing coding, 

categorization, and thematic interpretation (Miles et 

al., 2014). 
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3.2 Conceptual Framework Development 

The proposed governance model is structured around 

four key dimensions: 

(a) Identity Lifecycle Governance 

NHIs are treated as lifecycle-managed entities, 

including creation, activation, permission 

assignment, rotation, and decommissioning. This 

aligns with structured governance systems in 

collaborative organizational frameworks (Castañer& 

Oliveira, 2020). 

(b) Policy-Oriented Access Control 

Least-privilege enforcement is implemented 

dynamically using contextual policy evaluation. 

Inspired by regulatory governance models (Bartley, 

2022), policies are continuously updated based on 

system behavior. 

(c) Collaborative Security Architecture 

Security governance is distributed across multiple 

stakeholders (cloud providers, developers, 

DevSecOps teams). This reflects pentahelix 

governance principles (Halibas et al., 2017; Sudiana 

et al., 2020). 

(d) Continuous Monitoring and Adaptive Trust 

NHIs are continuously monitored using anomaly 

detection, behavior tracking, and adaptive trust 

scoring systems. 

3.3 Analytical Mapping Process 

The study performs cross-domain mapping between: 

• Human-centered inclusion models (Simplican et 

al., 2015) 

• Governance coordination frameworks (Wang & 

Ran, 2023) 

• IAM machine identity structures 

This mapping helps conceptualize NHIs as dynamic 

agents requiring structured governance inclusion 

rather than static credential objects. 

3.4 Example Application Scenario 

A hypothetical multi-cloud enterprise system is 

analyzed where: 

• Microservices generate temporary service 

accounts 

• APIs interact across federated cloud 

environments 

• CI/CD pipelines dynamically deploy workloads 

Each NHI is assigned a lifecycle policy, monitored 

through centralized governance logs, and 

continuously validated through access behavior 

scoring. 

3.5 Limitations of Methodology 

• Purely conceptual, no empirical dataset used 

• Lack of real-world cloud provider telemetry 

integration 

• Assumes uniform policy enforcement capability 

across systems 

Despite these limitations, the framework provides a 

scalable theoretical foundation for future empirical 

validation. 

4. RESULTS 

The synthesis of governance and IAM literature 

reveals several critical insights into the management 

of non-human identities (NHIs) in cloud 

environments. 

4.1 Fragmentation of Identity Governance 

A primary finding is the severe fragmentation of NHI 

governance across cloud ecosystems. Unlike human 

IAM, which is often centralized, machine identities 

are distributed across microservices, APIs, and 

automation pipelines. This leads to inconsistent 

policy enforcement and visibility gaps. Burke and 

Barnes (2018) similarly highlight that layered 
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governance structures often create inefficiencies and 

weak accountability, which is strongly reflected in 

cloud IAM systems. 

4.2 Lifecycle Visibility Deficit 

NHIs frequently lack structured lifecycle tracking. 

Many service accounts and API keys are created 

dynamically but are rarely decommissioned properly. 

This results in identity accumulation and increased 

attack surface. The absence of lifecycle governance 

mirrors methodological challenges described by 

Banas et al. (2019), where unmanaged participant 

retention leads to systemic oversight issues. In IAM 

systems, this translates into persistent orphaned 

identities. 

4.3 Policy Enforcement Inconsistencies 

The analysis identifies inconsistencies in least-

privilege enforcement for NHIs. While policies exist, 

they are often static and fail to adapt to dynamic 

workload behavior. Bartley (2022) emphasizes that 

regulatory enforcement in decentralized systems 

requires adaptive structures, which are largely 

missing in current IAM implementations. 

4.4 Need for Collaborative Governance Models 

Findings strongly indicate that effective NHI 

governance requires multi-stakeholder collaboration. 

Insights from Halibas et al. (2017) and Subagyo 

(2021) suggest that distributed governance models 

such as pentahelix frameworks improve coordination 

and accountability. Applying this to IAM, security 

responsibility must be shared across DevOps teams, 

security engineers, and platform providers. 

4.5 Emergence of Adaptive Identity Trust Models 

A significant outcome of this synthesis is the 

conceptual need for adaptive trust scoring for NHIs. 

Instead of static authentication, identities should be 

continuously evaluated based on behavior, context, 

and interaction patterns. This aligns with broader 

governance literature emphasizing dynamic network-

based governance structures (Wang & Ran, 2023). 

4.6 Security Exposure Risks 

The study identifies key security risks: 

• Credential leakage from unmanaged APIs 

• Privilege escalation through over-permissioned 

service accounts 

• Lack of auditability for ephemeral workloads 

• Token reuse across distributed environments 

These vulnerabilities collectively increase systemic 

exposure in cloud-native ecosystems. 

5. DISCUSSION 

The findings of this study reveal that governance and 

protection strategies for non-human identities (NHIs) 

in cloud IAM systems cannot be effectively 

understood through traditional human-centric 

security paradigms. Instead, NHIs must be 

conceptualized as autonomous, continuously active 

governance entities that require lifecycle-aware, 

policy-driven, and collaboratively managed control 

mechanisms. This shift fundamentally redefines 

identity security from a static authentication problem 

to a dynamic governance problem embedded within 

distributed cloud ecosystems. 

A key theoretical implication of this research is the 

fragmentation of identity governance structures 

across modern cloud environments. As identified in 

the findings, NHIs are distributed across APIs, 

microservices, automation pipelines, and ephemeral 

workloads, resulting in fragmented visibility and 

inconsistent policy enforcement. This aligns with 

Burke and Barnes (2018), who argue that layered 

governance systems often produce “kludge-like” 

structures where overlapping policies reduce 

coherence and accountability. In cloud IAM systems, 

this fragmentation is amplified due to rapid scaling, 

automation, and cross-cloud interoperability 

requirements. Consequently, organizations face 

governance blind spots where machine identities 

exist without clear ownership, lifecycle tracking, or 
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auditability. 

Another significant insight is the inadequacy of static 

access control mechanisms for NHIs. Traditional 

role-based access control (RBAC) and attribute-

based access control (ABAC) models assume 

relatively stable identity attributes and predictable 

user behavior. However, NHIs operate under highly 

dynamic conditions, where identities are frequently 

created, modified, and destroyed within seconds. 

This makes static policies inherently insufficient. The 

study’s findings support Bartley (2022), who 

emphasizes that regulatory systems in decentralized 

environments require adaptive enforcement 

mechanisms capable of responding to contextual 

changes. In IAM systems, this translates into the 

necessity for continuous authorization models, real-

time risk scoring, and behavior-based access 

evaluation. 

From a governance perspective, the integration of 

collaborative frameworks such as pentahelix models 

introduces an important conceptual advancement. 

Studies by Halibas et al. (2017), Sudiana et al. (2020), 

and Subagyo (2021) demonstrate that multi-

stakeholder governance structures improve system 

resilience and innovation outcomes in complex 

ecosystems. Applying this to cloud IAM, NHIs can 

no longer be governed solely by centralized security 

teams. Instead, governance responsibility must be 

distributed across cloud providers, DevSecOps 

teams, application developers, and automated policy 

engines. This distributed governance structure 

enhances accountability but also introduces 

coordination complexity, requiring standardized 

policy languages, automated compliance 

enforcement, and unified identity observability 

layers. 

The study also highlights a critical issue of lifecycle 

invisibility in NHIs. Unlike human identities, which 

are typically subject to onboarding and offboarding 

procedures, NHIs often lack structured lifecycle 

governance. Service accounts, API keys, and 

workload identities are frequently created 

dynamically and remain active beyond their intended 

usage period. This leads to identity sprawl and 

significantly increases the attack surface. The 

analogy drawn from Banas et al. (2019), which 

discusses retention challenges in complex research 

populations, is particularly relevant here. Just as 

unmanaged participants introduce methodological 

noise in qualitative research, unmanaged NHIs 

introduce operational and security noise in IAM 

systems, reducing system clarity and increasing 

vulnerability exposure. 

Furthermore, the study identifies the absence of 

unified trust evaluation mechanisms for NHIs as a 

major governance gap. Current IAM systems rely 

heavily on static authentication tokens and 

predefined access policies, which fail to account for 

behavioral anomalies or contextual risk factors. The 

proposed concept of adaptive trust scoring introduces 

a shift toward continuous identity validation, where 

NHIs are evaluated based on behavioral patterns, 

request frequency, interaction context, and anomaly 

detection signals. This aligns with Wang and Ran 

(2023), who emphasize that network governance 

systems must incorporate dynamic relationship 

evaluation mechanisms to remain effective in 

distributed environments. 

Another important dimension is the security 

implication of credential proliferation and privilege 

accumulation. The findings suggest that NHIs often 

accumulate excessive permissions over time due to 

incomplete decommissioning processes and lack of 

periodic privilege review. This violates the principle 

of least privilege and introduces significant risk of 

lateral movement in the event of credential 

compromise. Burke and Barnes (2018) provide a 

relevant theoretical lens, highlighting how layered 

policy environments often result in unintended 

privilege retention due to structural complexity. In 

cloud IAM systems, this manifests as over-

permissioned service accounts that remain active 

indefinitely, becoming high-value targets for 

attackers. 

The study also reveals that automation, while 

essential for scalability, paradoxically increases 
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governance complexity. Automated CI/CD pipelines, 

infrastructure-as-code deployments, and dynamic 

orchestration systems generate NHIs at a rate that 

exceeds human governance capacity. While 

automation improves efficiency, it simultaneously 

reduces visibility and increases dependency on 

machine-driven governance decisions. This creates a 

paradox where systems designed to enhance control 

also expand the attack surface if not properly 

governed. 

In terms of practical implications, organizations must 

transition from reactive identity management to 

proactive identity governance. This involves 

implementing continuous monitoring systems, 

centralized identity observability platforms, and 

automated lifecycle enforcement mechanisms. 

Additionally, IAM systems must incorporate policy-

as-code frameworks that allow governance rules to be 

embedded directly into deployment pipelines. Such 

integration ensures that NHIs are governed at the 

point of creation rather than post-deployment. 

However, the proposed governance model is not 

without limitations. First, the complexity of 

implementing adaptive trust systems may introduce 

performance overhead and false-positive risks, 

particularly in high-throughput environments. 

Second, distributed governance models require 

strong coordination mechanisms, which may be 

difficult to enforce across organizational boundaries. 

Third, the lack of standardized definitions for NHIs 

across cloud providers creates interoperability 

challenges, limiting the scalability of unified 

governance frameworks. 

Despite these challenges, the study establishes that 

the evolution of cloud IAM systems must necessarily 

include a paradigm shift toward treating NHIs as 

first-class governed entities. Without such a shift, 

organizations will continue to face escalating security 

risks driven by identity sprawl, privilege 

mismanagement, and fragmented governance 

structures. 

6. CONCLUSION 

This research critically examined governance and 

protection strategies for non-human identities (NHIs) 

in cloud Identity and Access Management (IAM) 

systems, with the objective of addressing a rapidly 

growing but under-governed dimension of modern 

cloud security. The study demonstrates that NHIs—

comprising APIs, service accounts, microservices, 

workloads, and automated agents—have become the 

dominant identity type in cloud ecosystems, yet 

remain governed by fragmented, human-centric IAM 

paradigms that are no longer sufficient for 

contemporary distributed architectures. 

A central conclusion of this work is that NHIs must 

be formally recognized as first-class governance 

entities within IAM frameworks. Traditional IAM 

systems were designed around static human roles, 

predictable authentication patterns, and centralized 

administrative control. However, NHIs operate in 

fundamentally different conditions: they are 

ephemeral, high-frequency, machine-driven, and 

often autonomous. This structural mismatch between 

IAM design assumptions and cloud operational 

realities creates systemic vulnerabilities that cannot 

be resolved through incremental improvements 

alone. Instead, a paradigm shift toward lifecycle-

aware, policy-driven, and continuously monitored 

identity governance is required. 

The study further concludes that identity 

fragmentation remains one of the most critical 

challenges in cloud security. As demonstrated 

through synthesis of governance literature (Wang & 

Ran, 2023; Castañer& Oliveira, 2020), distributed 

systems inherently produce overlapping 

responsibilities and inconsistent enforcement unless 

explicitly coordinated. In the context of NHIs, this 

fragmentation manifests as scattered service 

accounts, unmanaged API keys, and poorly tracked 

workload identities across multiple environments. 

These conditions significantly weaken auditability 

and increase exposure to credential-based attacks. 

Another key conclusion is that static access control 

mechanisms are fundamentally insufficient for 

managing NHIs. Role-based and attribute-based 
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access models assume stability in identity behavior, 

which does not align with the dynamic nature of 

cloud-native workloads. Instead, IAM systems must 

evolve toward adaptive and continuous authorization 

models that evaluate identity behavior in real time. 

This includes integrating contextual risk scoring, 

anomaly detection, and automated policy 

adjustments. Such adaptive mechanisms align with 

broader governance theory that emphasizes 

responsiveness in decentralized systems (Bartley, 

2022). 

The research also concludes that lifecycle 

governance is a foundational requirement for 

securing NHIs. Unlike human identities, machine 

identities are frequently created automatically and 

often persist indefinitely without structured 

decommissioning. This leads to identity 

accumulation, also referred to as “identity sprawl,” 

which significantly increases attack surfaces. The 

absence of structured lifecycle enforcement—

covering creation, rotation, validation, and 

deletion—represents one of the most critical gaps in 

current IAM implementations. Without lifecycle 

governance, even advanced authentication 

mechanisms fail to provide comprehensive security 

coverage. 

In addition, the study highlights that collaborative 

governance models, such as the pentahelix 

framework, provide a useful conceptual foundation 

for distributing responsibility across multiple actors 

in cloud ecosystems. As supported by Halibas et al. 

(2017), Sudiana et al. (2020), and Subagyo (2021), 

multi-stakeholder governance enhances resilience in 

complex systems by distributing accountability and 

enabling coordinated action. In IAM environments, 

this translates into shared responsibility among cloud 

providers, developers, DevSecOps teams, and 

automated policy systems. However, the study 

concludes that such collaboration must be supported 

by automation and standardized governance 

protocols to prevent coordination breakdown. 

A further conclusion is the necessity of implementing 

continuous trust evaluation mechanisms for NHIs. 

Static authentication methods are insufficient in 

environments where identities execute millions of 

transactions across distributed systems. Instead, 

identity trust must be dynamic, continuously 

recalculated based on behavior patterns, contextual 

signals, and historical activity. This represents a shift 

from identity verification to identity observation, 

where trust is not granted once but continuously 

maintained and validated throughout the identity 

lifecycle. 

The study also concludes that automation, while 

essential for scalability in cloud environments, 

introduces new governance risks if not properly 

controlled. Automated CI/CD pipelines and 

infrastructure-as-code systems generate large 

volumes of NHIs at machine speed, often exceeding 

human oversight capacity. This creates governance 

blind spots where identities are created faster than 

they can be audited or decommissioned. Therefore, 

automation must be paired with embedded 

governance controls, ensuring that identity policies 

are enforced at the point of creation. 

From a security standpoint, the research concludes 

that NHIs represent one of the most significant and 

rapidly expanding attack surfaces in cloud 

ecosystems. Risks such as credential leakage, 

privilege escalation, token reuse, and orphaned 

identities are amplified by poor lifecycle governance 

and inconsistent policy enforcement. Without 

targeted governance strategies, these vulnerabilities 

can compromise entire cloud infrastructures due to 

the interconnected nature of distributed systems. 

Despite these challenges, the study contributes a 

structured conceptual framework that integrates 

governance theory, collaborative systems thinking, 

and identity security principles into a unified 

approach for managing NHIs. This framework 

provides a foundation for future research and 

practical implementation, particularly in the 

development of automated IAM systems capable of 

handling identity complexity at scale. 

However, the study acknowledges limitations. The 



INTERNATIONAL RESEARCH JOURNAL OF COMPUTER AND ELECTRONICS ENGINEERING  

(ISSN: 2329-874X) 

9 

framework remains conceptual and requires 

empirical validation through real-world cloud 

deployments. Additionally, variations in IAM 

implementations across cloud service providers may 

impact the generalizability of the proposed model. 

Future research should therefore focus on 

experimental validation, simulation-based testing, 

and integration with commercial IAM platforms. 

In conclusion, the governance of non-human 

identities represents a critical frontier in cloud 

security. As cloud ecosystems continue to evolve 

toward full automation and microservice-based 

architectures, NHIs will increasingly dominate 

identity landscapes. Addressing their governance 

requires a fundamental shift from static, human-

centric IAM models toward adaptive, lifecycle-

driven, and collaboratively governed identity 

ecosystems. This research establishes a theoretical 

and structural foundation for that transition and 

highlights the urgent need for continued innovation 

in this domain. 
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