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Abstract:  

In an ever-changing landscape of cyber threats that in complexity, organizations need varying paradigms 

for security to defend their digital worlds. Zero Trust Architecture (ZTA) has become a top architecture 

for a cloud security and is fundamentally changing the way traditionally authentication, authorization and 

access to the network is applied. A critical component to ZTA is Identity Governance - providing only 

authorized users and devices access to critical resources. However, the Internet and robustness of 

connecting and interacting through it are in its dynamic and expected and changing nature of the cloud 

environment poses challenges in effective management of identities, who whenever, and how do to accept. 

This is where the Security-as-Code (SaC) comes into the picture. 

 

An open solution for automatically securing the identities is Security-as-Code (SaC), a new way to include 

security policies in the software development lifecycle. Through the use of tools like Infrastructure-as-

Code (IaC), allowing SaC, it's possible to continuously enforce access controls to ensure that security 

policies are continuously applied in and applied in real time. This paper looks at how SaC can help simplify 

the identity governance processes as part of Zero Trust cloud architectures, and improve both the security 

and compliance elements. It talks about the benefits of automation such as the lessening of human error, 

scalability and the ability to enforce policy faster. Additionally, the article covers the challenges 

organizations face when incorporating SaC into their existing workflows and systems and best practices 

for successful implementation. 

 

This paper additionally highlights the way the conjunction of Identity and Access Management (IAM) 

frameworks and SaC make a complete security and compliance in dynamic cloud utilizing environments. 

The findings show that SaC is a robust and automated solution to the problem of identity governance in 

Zero Trust architectures and can lead to enhanced operational efficiency and increased security posture of 

cloud native infrastructures. 

 

Keywords: Security-as-Code (SaC), Identity Governance, Zero Trust Architecture (ZTA), Cloud 

Security, Infrastructure-as-Code (IaC), Identity and Access Management (IAM), Cloud Automation, Risk 

Mitigation. 

 

INTRODUCTION  

The adoption of cloud computing and increases in the complexity of IT infrastructures have encouraged 

rethinking by organizations on their security strategy. Traditional security models that were mostly based 

on perimeter defense mechanism has become inadequate in addressing the needs of modern cloud 

environments. The perimeter-based approach to security is based on the premise that anything inside the 

network is trusted, but this approach is no longer practical in today's landscape where users, devices and 

data are constantly on the move. As organisations migrate their operations to the cloud they are challenged 

https://www.ijlrp.com/


 

International Journal of Leading Research Publication (IJLRP) 

E-ISSN: 2582-8010   ●   Website: www.ijlrp.com   ●   Email: editor@ijlrp.com 

 

IJLRP25122055 Volume 6, Issue 12, December 2025 2 

 

with the new challenges of ensuring the confidentiality, integrity and availability of their data. These 

challenges are complicated by the increasing sophistication of cyberattacks, and the increasing number of 

access points into corporate systems. 

 

One solution that has become important to meet these challenges is the Zero Trust Architecture (ZTA). 

Beyond that the basic premise behind Zero Trust is that absolutely nothing, in or out of the network, should 

by default be trusted. In a Zero Trust model, access requests are continuously checked regardless of where 

and what device the user is connecting from. This approach is designed to reduce the risk of prototype 

access, internal movement through the network and data breaches. 

 

At the very heart of a Zero Trust Architecture is identity governance. Identity governance is a process of 

managing authorization and authentication against strict, continuously enforced policies that are applied 

to users, devices and applications. The traditional ways that identities and access controls are managed 

[often manually configured and managed] is not enough in modern, dynamic cloud environments. This is 

where the Security-as-Code (SaC) comes into the picture. 

 

Security-as-Code is a revolutionary idea that inlays security policies into the code that is used to deploy 

and manage cloud infrastructures. It takes advantage of products like Infrastructure-as-Code (IaC) to 

automate the management of security policies and access controls, which makes security more scalable, 

consistent and responsive. In the context of Zero Trust, however, using SaC, the enforcement of ID&AM 

(identity and access management) policies are automated and ensure that only authorized users and devices 

are given access to a resource, but without any human intervention whatsoever. 

 

The integration of SaC into Zero Trust cloud architectures provides for some important benefits. First, it 

reduces the risk of human error, which is a critical factor in a number of security breaches. Automation 

ensures security policies are applied consistently, and there are no gaps and inconsistencies as common 

when security are performed manually. Second, SaC allows for the scaling. In traditional security models, 

access controls can get out of hand when simply manually configuring access controls needed as 

organizations scale up their cloud environments. With SaC, security policies are applied automatically to 

all cloud resources to ensure that security measures can keep up with the growth of the organization's 

infrastructure. 

 

Moreover, with SaC, policy enforcement is faster too. Traditional identity governance processes can lead 

to bottlenecks and inefficiencies as administrators must manually review and approve access requests, 

which can cause delays and inefficiencies. With SaC, the processes of identity governance are automated, 

to ensure that users and devices are granted access to resources in real-time based on predefined security 

policies. This makes both the security and agility of the cloud environments better, which allows 

organizations to be fast in senses of the new threats and changing business requirements. 

 

Despite the many benefits related to the use of SaC, there are challenges to its implementation. Integrating 

SaC into the existing cloud architectures requires a robust grasp of both security and software development 

practices. Furthermore organisations need to ensure that their security policies are well defined and applied 

faithfully to all their cloud resources. This can be a complex task, especially for large organizations with 

complex cloud environments. 

 

The purpose of this article is to learn how Security-as-Code can be used to improve the identity governance 

in Zero Trust cloud architectures. It will explain in detail analysis of benefits, challenges and practical 

implementations of SaC in modern security field of cloud system. Additionally, the role of Identity and 
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Access Management (IAM) frameworks in supporting SaC and ensuring ongoing compliance in the cloud 

will also be looked at in this paper. 

 

In the next few sections we will discuss the literature around Zero Trust architectures, Identity governance 

and Security-as-Code. We will also be able to learn more about how SaC can be integrated in the cloud 

environments as well as the impact they bring in terms of security, compliance and efficiency of 

operations. Ultimately, the purpose of this article is to show that SaC is a great tool to automate our identity 

governance and improve the security posture of organizations that will implement Zero Trust models in 

their cloud environments. 

 

LITERATURE REVIEW 

Zero Trust Architecture (ZTA) has become a well-known and an important component of the modern 

cybersecurity strategy. Initially propounded by Forrester Research in 2010, Zero Trust is a security model 

which assumes that no implicit trust is placed in any user or device whichever it is within - or without - 

the corporate network (Kindervag, 2010). As the organizations are moving ahead to the cloud environment 

the old perimeter based security model has proved to be ineffective in addressing the challenges cloud 

infrastructure has presented which is decentralized in nature. Zero Trust gets round this by continuously 

considering the verification of every user and device trying to access resources and only allowing 

recognized entities to get access. 

 

A major building block or component of Zero Trust is Identity and Access Management (IAM), which is 

concerned with how the users and devices are authenticated, authorized, and monitored in the system. 

IAM systems traditionally use manual system configuration and static access controls, which do not work 

well with the dynamic nature of the cloud. The needs for more agile and scalable identity and access 

management (IAM) systems in cloud architectures have paved the way for the Richard in seeking out 

Security-as-Code (SaC) as an answer. 

 

Security-as-Code is the automation of security processes through the injection of security policies into the 

code of the software and infrastructures. Integrating security in the development lifecycle, SaC helps to 

enable constant enforcement of security policies and ensures application of IAM control, dynamically, on 

all cloud resources. According to Smith et al. (2020), SaC provides organizations with the capacity to 

automate the process of configuring security policies, which provides a reduced risk of human error and 

enhanced security of the cloud-based infrastructures. 

 

The combination of Infrastructure-as-Code (IaC) and SaC is an important development and has enabled 

organizations to automate the deployment and management of the cloud resources. Wang et al. (2020) 

show that IaC tools such as Terraform and AWS CloudFormation may be used to automate the 

provisioning and configuration of cloud resources whilst incorporating security policies into the actual 

code. This means that all the cloud resources are created with security in place, and the access is regulated 

automatically. 

 

In addition to mitigating human error and scaling issues, SaC is also working to improve the efficiency of 

identity governance in the cloud. Traditional IAM processes can often involve some level of manual 

intervention in the approval or denial of access requests, which can cause delays and increased 

administrative burden on the security team. With SaC, automatic verification of access requests against 

predefined policies is possible so that the access controls can be enforced in real time (Roberts et al., 

2021). 
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Despite the positive effects, there are problems with the use of SaC in zero trust cloud architectures. Of 

the research conducted into SaC by Lee et al. (2019) the research team highlights the complexity of 

integrating SaC into an existing cloud environments, especially for those with large and heterogeneous 

infrastructures. Organizations need to ensure that their security policies are enforced consistently across 

all the cloud resources, and that the automation tools that enforce these policies are properly configured. 

Furthermore, as per Zhao (2021), in the absence of any standardization of the cloud security practices, 

deploying SaC may become a challenging task as companies may need to personalize their security 

policies for the different cloud platforms and service providers. 

 

Nevertheless, the process of integrating El SaC into Zero Trust architectures is considered to be a very 

important step forward in the quest to improve cloud security and maintain continuous compliance. By 

automation in identity governance processes, SaC, organisations are able to better manage and control 

access processes, dynamically enforcing security policies, reducing the chances of unauthorized access. 

With cloud environments continuing to evolve, SaC is expected to become more and more influential to 

ensure security and compliance of cloud native infrastructures. 

 

MATERIALS AND METHODS  

This article applies a qualitative research methodology to discuss the integration of Security-as-Code 

(SaC) in Zero Trust Architectures (ZTA) in the cloud. The research is based on an extensive review of the 

literature, analysis of real-life case studies, and interviews with experts to try to find insights related to 

practical aspects and benefits of automating identity governance in Zero Trust cloud environments. 

 

LITERATURE REVIEW APPROACH 

The literature review process is used as the foundation for this study and exposes in-depth exploration of 

existing theories, concepts and frameworks related to Zero Trust Architecture, Security-as-Code and 

Identity and Access Management (IAM). The focus of the literature review is on peer-reviewed journal 

articles, books, white papers, industry reports and conference proceedings. Specific attention was paid to 

those sources discussing the use of SaC in the cloud environment, the role of IAM in the Zero Trust 

approach and the benefits of automating identity governance. 

 

Key databases including: IEEE Xplore, Google Scholar, Science Direct and ACM Digital Library were 

utilised in data collection in order to resource relevant academic articles. The review has included studies 

of the major researchers in this field including Kindervag (2010), Smith et al. (2020), Roberts et al. (2021) 

etc. The review also included industry reports from major cloud service providers such as AWS, Microsoft 

Azure and Google Cloud that cover the implementation of Zero Trust models and automation in the cloud. 

Through this review, the article synthesises the literature that already exists on this topic, i.e. the challenges 

and benefits of the Security-as-Code (SaC) implementation in Zero Trust cloud architectures. The results 

of this evaluation bring significant insights in terms of the strengths and the weaknesses, but also practical 

insights are obtained, depicting how SaC can be incorporated in cloud infrastructures. 

 

CASE STUDY ANALYSIS 

Apart from the literature review, real world case studies of some organizations who have successfully 

integrated SaC in their Zero Trust architectures are also a part of this study. These case studies were 

gathered from a combination of publicly-available reports, white papers from cloud providers and industry 

news articles. The case studies chosen provide practical examples of how organisations in different 

industries (e.g. finance, healthcare and technology) have organised SaC with their cloud environments, 

and the results they have seen. 
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Aspects covered by the case studies include: 

• Implementation Process: How organizations have implemented Security-as-Code. why, to what 

extent, of what tools, platforms and technologies (e.g. terraform, aws cloud formation, azure policy) 

did you use? 

• Challenges Encountered: The challenges faced while implementing such as the issues related to 

compatibility with the old systems, integration with current security practices and training of the 

employees 

• Results and Benefits Some of the tangible results and benefits of SaC implementation are improved 

security posture, operational efficiency, compliance and scalability. 

Each case study was analysed to understand the practical application of SaC; and to identify patterns or 

common themes emerging in terms of benefits and challenges. 

 

EXPERT INTERVIEWS 

In addition to the literature review and the case study analysis, this article draws insights from expert 

interviews with a number of professionals from the field of cloud security and identity management. A 

total of five experts were interviewed as part of the panel including cloud security architects, IAM experts 

and senior DevOps engineers of top computer technology companies and consultancy firms. 

The type of interview with the experts was of a semi-structured kind, which allowed some freedom of 

action, although the main topics should be covered. The interviews were targeted for the following 

questions: 

• How have you experience that Security-as-Code solves in Zero Trust the problem Identity 

Governance? 

• What are the biggest challenges organizations face with taking the plunge into SaC for identity 

governance? 

• How does SaC fit in with growing in existing IAM structures in cloud architectures. 

• What's the tools and platforms that you have used to automate the identity governance in cloud 

environments? 

• What are the key benefits of SaC security team and cloud administrator? 

 

The results obtained from these interviews were analysed in order to get a better understanding of the 

effects - practical challenges and solutions: organisations face for taking up SaC. Insights were gathered 

about the best practices in the implementation of SaC along with the most common tools and platforms 

for automating the identity governance in the cloud environment. 

 

Data Analysis Method 

The data that were collected through the literature review, case studies, expert interviews were compiled 

and thematically analysed. Thematic analysis was used to identify key patterns, trends and relations in the 

data. This approach helped us especially to understand the way that Security-as-Code is being embedded 

into organizations and how it helps their Zero Trust security models. 

 

Thematic Analysis was performed in the following steps: 

• Familiarization with Data: The first step had to do with reading through the literature and case study 

materials to get to know the data, and identifying initial codes. 

• Generating Initial Codes: Related to SaC implementation, challenges, benefits and tools Key themes 

were identified and coded. 

• Searching for Themes: The codes identified were grouped into larger themes, such as "automation 

benefits," "security posture" and "cloud resource management." 

• Reviewing Themes: Themes were reviewed and reworked to make sure that they accurately 

represented the data collected and were in line with the research objectives. 
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Defining and Naming Themes Finally, the themes were clearly stated and given names to highlight the 

key insight gained from the data. 

The results of the thematic analysis were leveraged to make conclusions about the how well SaC can be 

used in automating process of identity governance within the framework of Zero Trust in the cloud 

architectures. 

 

ETHICAL CONSIDERATIONS 

Throughout the process of research, a great care was taken to observe ethical considerations in the 

research. All expert interviews were carried out with informed consent, which means that participants 

were knowledgeable of the purpose of the research and how their data would be used. Any personal or 

sensitive information given during an interview were anonymised so that information was kept 

confidential. Additionally, the ethical guidelines in the use of published sources were considered in the 

research work, with all the literature and case studies duly cited. 

 

RESULTS AND DISCUSSION  

Overview of Key Findings 

The results of the literature research, case studies, and interviews with experts contributes to the finding 

answers to important questions of integration of the Security-as-Code (SaC) in the Zero Trust 

Architectures (ZTA) for cloud environments. The following analysis demonstrated that Security-as-code 

provides a tremendous increase of identity governance with the help of automatic enforcement of security 

policies, consistency, and reducing threat of human error. Furthermore, SaC makes it easier to scale, which 

enables managing security policies easier in cloud infrastructures. However, there are some problems in 

the implementation of SaC. It can be particularly complicated for organizations that have many legacy 

systems, or that have never used tools for automated infrastructure management, such as Infrastructure-

as-Code (IaC). In addition, good coupling of SaC to existing Identity and Access Management (IAM) 

frameworks is critical to ensuring security policies are constantly enforced across cloud environments. 

 

Benefits with Security-as-Code for Zero Trust Architectures 

One of the most important advantages of the concept Security-as-Code in Zero Trust environments is the 

homogeneity of security policies. By automating the enforcement of identity governance policies, SaC 

saw to the security measure being applied to all the cloud resources consistently. This removes the 

inconsistencies and gaps that can be found when obtained manually because these are often exploited by 

hackers. In a Zero Trust model, where continuous verification of access demands is necessary, it is 

necessary to have the ability to automate and enforce security policies in real-time. As a result, 

organizations benefit from an enhanced security posture where there are less opportunities for 

unauthorized access. 

 

In addition to providing consistency, Security-as-Code also helps to provide increased scalability in the 

cloud environment. Cloud infrastructures are often fast-growing and it becomes complicated to handle 

security policies manually. SaC solves this problem by having security policies written directly into the 

infrastructure code so that security policies will scale automatically with the addition of new resources. 

This way, organisations can scale their cloud environments beyond security concerns. As demonstrated 

by tools such as Terraform and AWS CloudFormation that work very well with SaC, security policies are 

automatically implemented each and every time during the creation of new resources, which simplifies 

the job of dealing with security in large-scale environments. 

 

Another interesting advantage of SaC is that it helps in mitigating the risk of misconfigurations, which is 

one of the most common causes of the security breaches in cloud environment. In traditional identity 

governance models human error is often frequent, resulting in a configuration that is incorrect or 
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inconsistent, opening up to vulnerabilities. SaC eliminates this risk by automating the security 

configuration process, making sure security policies are used and correct at all times. This level of 

automation eliminates the possibility of misconfigurations and an organization could be much more secure 

in general. 

 

Furthermore, SaC is very important for improving compliance and streamlining the auditing process. For 

organizations working in regulated industries, constant compliance with standards such as GDPR, HIPAA 

and SOC 2 are necessary. Traditionally, guaranteeing that you are complying has been time consuming 

and manual. However, with SaC, security policies are built into the infrastructure code and compliance, 

therefore, becomes an on-going, automated process. Not only that, SaC ensures that the established 

security measures are applied continually but also creates an audit trail of policy enforcement, making it 

easier for organizations to comply with regulatory requirements and also conduct security audits. 

 

Table 1: The Benefits of SaC in Zero Trust Architectures 

Benefit Description Impact on Security 

Consistent Policy 

Enforcement 

Automation ensures policies are 

applied across all resources. 

Reduces human error and 

configuration inconsistencies. 

Scalability Security policies automatically scale 

with cloud resources. 

Allows seamless growth while 

maintaining security. 

Real-time 

Enforcement 

Policies are enforced continuously, not 

just at access. 

Ensures ongoing access verification, 

enhancing security. 

Improved Compliance SaC automates compliance with 

industry regulations. 

Streamlines auditing and ensures 

continuous adherence. 

 

Figure 1: Diagram of SaC Integration in Cloud Infrastructure 

 
 

The diagram above gives an example of a combination of Security-as-code with cloud infrastructure. It 

shows how the policies are integrated into codes through the utilization of Infrastructure-as-Code (IaC) 

tools and are automatically applied to all the resources in the cloud. The flowchart outlines the process 

of enforcement of security policies in real-time in the stages of provisioning, deployment and access 

control. 
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CHALLENGES TO ENFORCE SECURITY AS CODE 

Despite the clear benefits of Security-as-Code, there are a number of challenges that organizations must 

overcome in order to implement it. One of the largest challenges is to integrate SaC and legacy systems. 

Many organizations yet have traditional IAM systems that were not designed with automation in mind. 

Integrating SaC into these environments can require major changes to the infrastructure and to the security 

frameworks in place. As pointed out by Lee et al. (2019), organizations in most cases need to update their 

IAM systems and invest in cloud native security solutions in order to take full advantage of SaC. 

 

Another challenge is the steep learning curve of the tools required to implement SaC such as Infrastructure-

as-Code (IaC) platforms such as Terraform, AWS CloudFormation and Azure Policy. These tools come 

with specialized knowledge and for organizations that aren't already familiar with the practices of 

automation and cloud development, the learning curve can be significant. Zhao (2021) emphasizes the 

point that if there is not an adequate level of expertise in the tools, it can be a challenge for organizations 

in being able to utilize SaC effectively. Training and upskilling staff are key to ensuring that organizations 

are able to maximize the benefits of the automation SaC can provide. 

 

In addition, the lack of standardization in cloud security practices is a great challenge. Different cloud 

service providers (such as AWS, Azure and Google Cloud) have different tools and platforms to work 

with the cloud resources which can make it difficult to enforce the same security policies across multi-

cloud environments. Wang et al. (2020) note that organizations often have to adapt security policies to the 

specific tools and practices of a cloud provider. This lack of standardization can make it difficult to 

implement SaC, and organizations are required to put more resources into their control in their multi-cloud 

security. 

 

Finally, the cost of implementing Security-as-Code can be a barrier for smaller organizations. The tools 

and platforms required for automating security policies and the investment required in employee training 

can be a significant upfront cost. While SaC has long-term benefits, such as improved security and 

operational efficiency, the upfront cost of implementing SaC can be prohibitive for some organizations, 

particularly those with limited budgets. Johnson (2019) underlines the fact that smaller size of organisation 

may have a difficult time to justify the expenses of SaC, despite the benefits that it sometimes has in the 

long term. 

 

Table 2: SaC (Software as a Compliance) Benefits 

Compliance Benefit Description Example of Use Case 

Automated Compliance 

Checks 

SaC ensures policies are applied 

automatically. 

Continuous compliance with 

GDPR. 

Auditable Policy 

Enforcement 

Automatically generates an audit trail of 

policy enforcement. 

Simplified SOC 2 and 

HIPAA audits. 

Streamlined Reporting Reduces time spent on manual compliance 

reporting. 

Automated reports for cloud 

audits. 

 

DISCUSSION OF FINDINGS 

The findings of this research suggested that Security-as-Code is a very effective way of automating 

identity governance in the context of Zero Trust Architectures. The integration of SaC goes a long way in 

security consistency, as well as the risk of misconfigurations and scalability as organizations scale their 

cloud infrastructures. SaC also has an important advantage in guaranteeing adherence to the rules over 

time and in simplifying the audit process. 
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However, there are not without challenges in the implementation of SaC. Integrating SaC into legacy IAM 

systems, the learning curve that accompanies Infrastructure-as-Code (IaC) tools, and the absence of 

standardization in cloud security practices can make adopting SaC a challenge for some organizations. 

More than that, the initial investment in SaC tools and training may be a barrier for smaller organizations. 

Despite these challenges, the research suggests Security-as-Code is an essential part of what organizations 

need to improve their security posture in the cloud. By automating the enforcement of identity governance 

policies, SaC can ensure consistent, scalable and agile security in the face of evolving threats. 

 

Implementing Security-as-Code in the Zero Trust cloud environment is clearly something that needs to be 

done in a strategic way which includes efforts to modernize legacy systems and investment in employee 

training, and strategic consideration of compatibility of multi cloud. With these considerations in mind, 

organizations can leverage the power of SaC to enhance their overall security and compliance in the cloud. 

 

CONCLUSION 

In conclusion, Security-as-Code (SaC) is a game-changing approach that enhances identity governance 

and enhances the security posture of organizations who are operating within Zero Trust Architectures 

(ZTA). By automating the way that identity and access management (IAM) policies are enforced, SaC 

helps ensure that IAM policies are consistently applied to all cloud resources in real-time, greatly reducing 

the risk of human error and misconfigurations. The integration of SaC is also helpful in scalability which 

helps organizations in expanding their cloud environments without compromising security. 

 

The benefits of SaC like increased security, improved compliance and efficiency are clear. Automated 

enforcement of policies can: - Reduce the need for organizations to manually enforce compliance with 

industry standards such as GDPR, HIPAA, and SOC 2 - Reduce the administrative burden of manual 

compliance checks. In addition, SaC helps to reduce the complexity of managing security across dynamic 

and multiple cloud environments. 

 

However, the use of SaC is not without problems. Organizations may struggle to integrate with legacy 

systems using SaC, the learning curve of the automation tools employed, and a lack of standardization in 

cloud security practices. In addition, the initial cost of the SaC tools and training can be a barrier for 

smaller organizations. 

 

Despite these difficulties, Security-as-Code is an important component of today's cloud security strategies. 

As organizations are still adopting Zero Trust models and moving towards ever more automation in the 

cloud environments, SaC will be playing a bigger and bigger role in securing identity governance, and 

ensuring consistent protection against new evolving threats. With the right approach, SaC can be a great 

boost to an organization's security posture and provide a scalable and efficient way to manage security in 

the cloud. 
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