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Executive Summary​
____________________ 

​
Modern enterprises are increasingly powered by automated 
systems, leading to an explosion of non-human identities (NHIs) 
that now vastly outnumber human users. These NHIs—including 
service accounts, API keys, and machine identities—are critical for 
digital operations but represent a significant and often overlooked 
cybersecurity blind spot. Traditional security approaches, focused 
on human identities, are unfit to manage the scale and dynamic 
nature of NHIs, resulting in possible widespread vulnerabilities, 
operational disruptions, and compliance risks.  
 
This white paper outlines a holistic Non-Human Identity 
Management (NHIM) framework, emphasizing automated 
lifecycle management, dynamic credentialing, and continuous 
monitoring. Implementing a robust NHIM strategy is no longer 
optional; it is a strategic imperative to avoid outages, enhance 
security, improve efficiency, ensure compliance, and maintain 
business resilience in an increasingly automated world. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



 

1. Introduction: The Evolving Identity Landscape 

What are Non-Human Identities? 
Non-human identities (NHIs) are digital entities or credentials representing machines, devices, 
applications, cloud workloads, and automated processes. They enable autonomous 
machine-to-machine operations, authenticating via machine-based credentials like API keys, 
tokens, service accounts, and certificates.  

Identity is at the center of security, and accessing an organization's resources must be secured, 
whether human or machine. Modern enterprises rely on complex networks where applications 
and infrastructure services interact securely and efficiently, and without human oversight. This 
machine-to-machine communication forms the backbone of any IT infrastructure operations, 
enabling data flow, automation, and API interactions. NHIs are not only here to stay, but are 
shaping and dictating how future applications and infrastructure is going to be operating going 
forward. Their protection is essential.  

Table 1: Common Types of Non-Human Identities and Their Use Cases 

 

TYPE OF NHI BRIEF DESCRIPTION COMMON USE CASES 
ASSOCIATED 

CREDENTIAL TYPES 

Workload / 
Service Account 

Digital identity for an application or 
service to interact with other 

services or resources. 

Application-to-database connections, 
microservice communication, 

automated task execution. 

Passwords, Tokens, 
Certificates, SSH Keys 

API Key / Token 

Authentication token used to grant 
secure access to APIs, enabling 

data exchange between 
applications. 

Inter-application data exchange, 
third-party service integration (e.g., 

Slack to Salesforce). 

API Keys, OAuth Tokens, 
Access Tokens 

Machine 
Identity 

Identity for physical or virtual 
devices within networks. 

Virtual machines, containers, IoT 
device authentication (e.g., smart 

farming systems, connected 
vehicles). 

Digital Certificates, 
Cryptographic Keys, 

Device MAC Address, 
Serial Number, 

GUID/UUID 



 

Digital Certificate 
Cryptographic credential issued by 

trusted authorities, containing 
identity information and public keys. 

Device or server identity authentication 
during secure communication, TLS/SSL 

encryption. 

Certificates (SSL/TLS), 
Public/Private Key Pairs 

Robotic Process 
Automation 
(RPA) Bot 

Automated software designed to 
mimic human actions to perform 

repetitive tasks. 

Automated data entry, report 
generation, system navigation. 

Service Accounts, API 
Keys, Passwords 

Cloud IAM Role 

Identity for managing cloud 
resources and services within 
platforms like AWS, Azure, or 

Google Cloud. 

Cloud resource provisioning, 
automated deployments, monitoring 

activities. 

IAM Roles, Service 
Principals, Access Keys 

 
 

2. The Non-Human Identity Challenge 

2.1 Scale, Complexity, and Security Risks 
The advent of cloud adoption, DevOps, IoT, and AI drives the proliferation of NHIs, which now 
vastly outnumber human identities, and their numbers continue to grow rapidly. Some reports 
estimate that NHIs can outnumber human identities by ratios ranging from 20:1 to 85:1. 

This exponential growth, often prioritizing speed over governance, creates an uncontrolled 
"identity sprawl".1 Managing thousands of diverse NHIs across fragmented IT landscapes 
(hybrid-cloud, multi-cloud, on-premises) is exceedingly complex, rendering manual approaches 
unsustainable.1 This scale, coupled with the dynamic and often ephemeral nature of NHIs, leads 
to an uncontrolled "secrets sprawl".1 

Each NHI, if not secured properly, is a potential vector that can have privileged access to critical 
systems and sensitive data. If compromised, attackers can leverage them, for example, for 
unauthorized access, including privilege escalation and/or lateral movement, or data exfiltration. 
A significant vulnerability is the reliance on weak or static credentials, often hard-coded or left in 
plain text. Unlike human users, NHIs cannot use traditional multi-factor authentication (MFA), 
making them easier and tempting targets. Because bots do not flag unusual behavior, the covert 
nature of NHI compromise hinders detection and allows attackers to operate unnoticed. 

Two-thirds of enterprises have experienced cyberattacks due to compromised NHIs, with an 
average of 2.7 compromises in the past year.2 These incidents underscore the devastating 
impact of NHI compromise. 



 

2.2 Operational and Compliance Challenges 
Beyond direct security risks, NHIs introduce substantial operational and compliance issues. A primary 
challenge is the pervasive lack of visibility and comprehensive inventory; many organizations are unaware 
of the plethora of NHIs operating in their environments. This blind spot, coupled with ownership 
ambiguities, hinders organized access management, incident response, and auditing.1 

 

Machine Identity Management On The Rise 

 
The cybersecurity sphere is in constant evolution, and Machine Identity Management is yet 
another prime example of that. In April 2025, the CA/Browser (CA/B) Forum voted without 
opposition for a ballot to reduce the maximum validity term of SSL/TLS certificates by 2029. 
This approved policy will be phased in: certificates will be capped at 200 days by March 15, 
2026, then reduced to 100 days by March 15, 2027, and finally to just 47 days by March 15, 
2029. This change aims to improve web security by reducing the risk of improper validation 
and the impact of misissued certificates.3 

This drastic reduction in lifespan will force enterprises to revisit their current certificate 
management strategies and adopt automated Certificate Lifecycle Management (CLM) 
solutions. Manual renewals, which were already burdensome, will become unsustainable, 
ultimately representing an eightfold increase in renewal workload. For example, enterprises 
can have hundreds if not thousands of certificates, and if successfully replacing a single one 
manually takes an average of 4 hours, and will eventually be required to be replaced 8 times 
per year, it quickly becomes obvious that an automated and secure solution is needed. 

This is why the cybersecurity space is seeing an uptick in machine identity management 
POCs; partners view automated certificate management as low hanging fruit to address with 
potential for more Agentic AI use cases over time.5 The shrinking SSL/TLS certificate 
lifespans, as well as the growing number of certificates are the main drivers to enterprise 
needs for automation. More organizations are looking to enhance automation of certificate 
management and rotation and see tailwinds to commercial solutions over the next several 
quarters.5 

 

Reliance on manual management (spreadsheets, home-grown tools) is inefficient and error-prone, 
contributing to poor security and operational burden. A pressing concern is the risk of interruptions from 
expired digital certificates, which can cause widespread system outages and revenue loss. Ineffective 
NHI management also carries significant compliance implications, as regulators increasingly scrutinize 
NHI controls under frameworks like SOX, PCI DSS v4.0, DORA, ISO/IEC 27001, GDPR, and SOC 2.1 This 
confluence of factors highlights a profound governance deficit and operational fragility, demanding a 
systemic shift to a structured, policy-driven approach for all NHIs. 



 

3. A Holistic Framework for Non-Human Identity 
Management (NHIM) 
Addressing NHI challenges requires a strategic, holistic framework that integrates advanced 
security principles and technologies across the entire NHI lifecycle.  

3.1 Core Principles of NHIM 
●​ Principle of Least Privilege (POLP): Granting NHIs only the minimum 

permissions necessary for their function, reducing attack surface and limiting 
impact of compromise. 

●​ Zero Trust: "Never trust, always verify" every access request, continuously 
verifying identity, device, and context. 

●​ Automation: Essential for provisioning, credential rotation, permission updates, 
compliance, and real-time monitoring due to the volume and dynamic nature of 
NHIs. 

●​ Centralized Visibility and Governance: A unified platform for tracking and 
controlling NHIs across multiple environments, simplifying auditing and ensuring 
consistent policy enforcement. 

3.2 Comprehensive Lifecycle Management 
NHIM encompasses the entire lifecycle of non-human identities, ensuring secure and efficient 
operations from creation to decommissioning. 

●​ Discovery and Classification: Detecting and categorizing all NHIs based on purpose, 
privilege, and risk.1 

●​ Provisioning: Securely creating NHIs with appropriate permissions, ideally feeding static 
credentials into a secrets vault or provisioning dynamic NHIs just-in-time.1 Leverage 
standards and frameworks that tackle bootstrapping processes in a zero-trust context, 
like SPIFFE.  

●​ Ownership Assignment: Assigning clear accountability to teams or application owners 
for managing the identity.1 

●​ Posture Management and Hygiene: Continuously assessing security configurations, 
identifying misconfigurations, excessive privileges, and removing inactive accounts.1 

●​ Decommissioning: Safely retiring unneeded NHIs to reduce attack surface and potential 
vulnerabilities. 



 

 

3.3 Advanced Credential Management 
Securing NHI credentials requires moving from static, vulnerable approaches to dynamic, 
resilient methods. 

●​ Secure Storage (Vaulting): Storing sensitive credentials (passwords, API keys, 
certificates) in dedicated, encrypted vaults or key management systems. 

●​ Rotation of Credentials: Regularly updating secrets and credentials to minimize breach 
risk from stolen or stale credentials, with automation being crucial.1 

●​ Dynamic, Secretless Authentication: Transition to short-lived, automatically generated 
credentials that provide temporary access, eliminating the need to manage and store 
static credentials. This aligns with Zero Standing Privileges (ZSP) and offers enhanced 
security.1 Public Key Infrastructure (PKI) certificates and cryptographic key pairs offer a 
superior approach to machine authentication, eliminating reliance on shared secrets. 

3.4 Continuous Monitoring and Threat Detection 
Continuous monitoring and robust threat detection are essential for proactive security. 

●​ Activity Monitoring and Behavioral Analytics: Continuously monitoring NHI activity to 
identify suspicious behavior or unauthorized access attempts, with the possibility of 
leveraging AI/ML to detect unusual patterns. 

●​ Real-time Alerts and Incident Response: Configuring real-time alerts for suspicious NHI 
behavior to enable quick response and investigation. 

●​ Visibility into Attack Surface and Permissions: Providing crucial visibility into the attack 
surface created by NHIs and their permissions, aiding least-privilege enforcement and 
threat detection. 

3.5 Unified Identity Governance 
A unified identity governance framework is essential to avoid fragmented approaches and 
security gaps.1 

●​ Integration with Security Frameworks: Integrating NHIM with Zero Trust, IAM, and Cloud 
Infrastructure Entitlement Management (CIEM) strengthens overall security by enforcing 
strict access controls and continuous verification. 

●​ Holistic Contextual Visibility: Offering insights into usage patterns, dependencies, and 
relationships within an IT architecture. 

●​ Seamless Integration with Operational Stack: Integrating with IaC (infrastructure as 
code) and development tools, ITSM systems, and logging frameworks to ensure 
consistent policy application. 



 

4. Benefits of a Robust NHIM Strategy 
Implementing a comprehensive NHIM strategy yields significant benefits across security, 
efficiency, compliance, and resilience. 

 

4.1 Enhanced Security Posture and Reduced Attack Surface 
 

 

 

Robust NHIM significantly enhances security by applying the Principle of Least Privilege, 
minimizing unnecessary access and reducing attack surface. Also, by using dynamic, secretless 
authentication, risk is reduced since there are no static credentials to manage and potentially 
become attack vectors. Centralized secure credential management and automated rotation 
further protect sensitive information. Continuous behavioral monitoring and real-time threat 
detection enable rapid response to unusual activity, improving overall threat detection. 

 

4.2 Improved Operational Efficiency and Automation 
 

 

 

NHIM improves operational efficiency by automating complex, repetitive tasks like provisioning, 
credential rotation, and decommissioning. With the advent of shorter validity periods on 
certificates, for example,  automation makes it possible to reasonably manage the volume of 
certificates to renew. Centralized lifecycle management provides a unified platform for tracking 
and controlling NHIs, simplifying auditing and ensuring consistent policy enforcement. This 
improved visibility eliminates blind spots, allowing organizations to handle unmanaged or 
orphaned NHIs effectively. 



 

4.3 Stronger Regulatory Compliance and Audit Readiness 
 

 

 

Robust NHIM is indispensable for meeting increasing regulatory scrutiny and maintaining 
compliance with frameworks like SOX, PCI DSS v4.0, DORA, ISO/IEC 27001, GDPR, and SOC 2.1 It 
also helps by maintaining detailed audit trails, enforcing consistent policies, clearly showing 
accountability, and automating compliance processes like periodic access reviews.  Automated 
CLM provides continuous certificate discovery, auto-rotation, and renewal, eliminating blind 
spots and preparing organizations for future cryptographic shifts while improving crypto agility4. 

 

 

4.4 Business Continuity and Resilience 
 

 

 

Securing NHIs is directly linked to maintaining business continuity. NHIs drive automation and 
integrations, making their compromise a direct threat to operations. A robust NHIM strategy 
mitigates risks like service outages from expired digital certificates. By limiting privileges and 
implementing dynamic authentication, the potential affected systems of any compromise is 
reduced, enabling faster recovery. PKI certificates build trust in machine-to-machine 
communication as they are considered a strong authentication method. NHIM provides a secure 
foundation for digital transformation, ensuring that the benefits of automation are not 
undermined by amplified security risks. 

 



 

 

5. Implementation Roadmap for NHIM 
Implementing a comprehensive NHIM strategy is a multi-phased journey requiring careful 
planning and collaboration. 

5.1 Phase 1: Discovery and Assessment 
●​ Comprehensive NHI Discovery and Inventory: Build a complete inventory of all NHIs 

across cloud, on-premises, and hybrid environments, including scanning for hard-coded 
credentials. 

●​ Risk Classification and Prioritization: Classify NHIs based on purpose, privilege, and 
risk, identifying high-value and over-privileged accounts. 

●​ Ownership Assignment and Accountability Mapping: Assign clear human ownership for 
each NHI, ideally to application or service owners.1 

5.2 Phase 2: Policy Definition and Governance Establishment 
●​ Define Least Privilege Policies: Develop granular policies ensuring NHIs have only 

necessary permissions to accomplish the needed work. 
●​ Establish NHI Lifecycle Policies: Create clear policies for secure provisioning, credential 

assignment, regular review, rotation, and fast decommissioning. 
●​ Integrate with Security Frameworks and Compliance: Align NHIM policies with Zero 

Trust, IAM, CIEM, and regulatory mandates. 
●​ Foster Cross-Functional Collaboration: Establish communication between security, 

DevOps, and IT operations to augment security into development cycles. 

5.3 Phase 3: Technology Integration and Automation 
●​ Select a Purpose-Built NHIM Solution: Choose a solution with capabilities for discovery, 

ownership, centralized management, least privilege, real-time monitoring, and 
compatibility with existing systems to accelerate integration. 

●​ Implement Secure Credential Management: Migrate credentials to secure secrets vaults 
with encryption and automated rotation. 

●​ Adopt Dynamic, Secretless Authentication: Transition to dynamic, just-in-time 
ephemeral secrets for cloud-native workloads, leveraging Workload IAM solutions.1 

●​ Implement Continuous Monitoring and Threat Detection: Deploy tools for continuous 
NHI activity monitoring, using AI/ML for anomaly detection, and integrating with 
SIEM/SOAR systems. 



 

 

5.4 Phase 4: Continuous Optimization and Adaptation 
●​ Regular Audits and Reviews: Conduct regular automated audits of NHI permissions and 

activities. 
●​ Performance Measurement and Reporting: Establish KPIs to measure NHIM program 

effectiveness and report to stakeholders. 
●​ Stay Abreast of Emerging Technologies and Threats: Continuously monitor the evolving 

NHI landscape and adapt the strategy to incorporate advancements.1 
●​ Refine Governance and Processes: Regularly review and refine NHIM policies based on 

audit findings, incident response, and technological advancements. 

6. Conclusion 
The exponential growth of non-human identities (NHIs) presents the most critical and rapidly 
expanding cybersecurity challenge for modern enterprises. These automated entities, while 
essential for digital transformation, have created a vast and vulnerable attack surface, leading to 
significant security breaches, operational disruptions, and compliance risks. Traditional 
human-centric security approaches are inadequate. 

A holistic Non-Human Identity Management (NHIM) framework, built on principles of Least 
Privilege and Zero Trust, is imperative. This framework encompasses automated lifecycle 
management, secure credentialing (including a strategic shift to dynamic, secretless 
authentication, and continuous monitoring. The recent CA/Browser Forum vote to drastically 
shorten TLS certificate validity periods further underscores the urgent need for automated 
machine identity management, making manual processes unsustainable. 

By adopting a robust NHIM strategy, organizations can significantly enhance their security 
posture, improve operational efficiency, ensure regulatory compliance, and bolster business 
resilience. This is not merely a technical undertaking but a strategic imperative that will define 
the security and operational resilience of enterprises in the digital age. Proactive investment in 
securing these critical identities will enable organizations to fully leverage automation while 
navigating the complexities of the modern threat landscape. 
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