International Journal of Information and Electronics Engineering, Vol. 14, No. 3, Sep 2024

ZERO TRUST ARCHITECTURE WITH CLOUD AND DEVOPS:
ENABLING SECURE AND SCALABLE SOFTWARE DELIVERY

Author Name: Arun Kumar Reddy Goli
Affiliation: Independent Researcher
Role: Site Reliability Engineer
Email: goliarunredy6@gmail.com

Abstract: ZTA is a security concept where
no device or user is trusted automatically,
even within the organisation. This follows
strict rules for checking user identities,
keeps an eye on activities at all times and
provides access to only what users need. The
project looks clear that using identity
management, automation and security
policies  together effectively improves
cybersecurity in flexible computer systems.
Given that more organisations now use
distributed systems, the old security models
no longer work for new risks. ZTA is
assessed on security, automation and
scalability by using secondary research,
experts and UK case studies (Surespan,
Coats Group and Ekco). The results prove
that protection, governance and the amount
of downtime have all improved. On the other
hand, setting up well-designed health care
systems requires substantial funds, policies
are sometimes inconsistent, and there are
shortages of skilled professionals. It
suggests starting with ZTA gradually,
managing everyone’s identity and ensuring
people get continuous training. The next
research steps should concentrate on using
Al for enforcement and governing policies
across different clouds.

Index terms: Zero Trust Architecture,
DevOps, Cloud Security, Policy
Enforcement, Automation, Governance,
Scalability and Cybersecurity.

[. INTRODUCTION

A. Background to the Study

Nowadays, companies are moving their
systems to the cloud and using DevOps to
deliver software faster and introduce more
innovations.  Still, because of this
transformation, security systems are now
more vulnerable and require a different
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approach.  Since distributed systems,
microservices and remote access involve
more complexity, it is necessary to rely on a
stronger and more reliable framework [1].
Zero Trust Architecture (ZTA) has become a
new cybersecurity method that constantly
verifies each action relating to identity,
devices and networks since it assumes a
breach has already happened. When ZTA is
integrated into cloud and DevOps systems, it
reduces risks and enables teams to work more
efficiently.

B. Overview

Zero Trust Architecture sets access rules,
monitors behaviour at all times and always
tries to minimise user permissions. With the
use of cloud systems and DevOps, ZTA
allows applications to be deployed securely,
automatically and on any scale. Using cloud
platforms gives extra flexibility, and DevOps
makes it simpler and more efficient for teams
to develop and deploy their applications [2].
Rolling out ZTA in these areas stops insider
threats, wrongly configured systems and
problems from the supply chain by ensuring
security is present all along the road to
deployment.

C. Problem Statement

Although cloud and DevOps are gaining
popularity, a lot of organisations have yet to
set up a unified security system that can keep
up with changes in the environment and new
threats [3]. Because traditional security
approaches cannot keep up with modern
ways of operating, there is a high risk of data
theft, wviolations of rules and service
interruptions. Secure and reliable software
should be ensured when cloud-native
DevOps incorporates Zero Trust ideas
throughout.
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D. Objectives

The primary goals of this project are: 1. To
explore how Zero Trust Architecture can be
effectively implemented in a cloud-based
DevOps environment. 2. To assess the
security  challenges  associated  with
continuous delivery pipelines and dynamic
infrastructure for the cloud. 3. To evaluate the
role of automation and policy enforcement in
maintaining Zero Trust principles, providing
Secure and Scalable Software Delivery. 4. To
provide strategic recommendations for
organisations adopting Zero Trust to enhance
secure software delivery. This study aims to
investigate and demonstrate how the
integration of Zero Trust Architecture with
cloud and DevOps practices can enable
secure and continuous software delivery in
modern IT environments.

E. Scope and Significance

The scope of this study is on larger
organisations that have switched to DevOps
and cloud services, mostly in sensitive fields
such as finance, healthcare and government
[4]. The significance is based on focusing on
the urgent issue of transitioning security in
reaction to fast digital growth. Introducing
Zero Trust into both DevOps and cloud
environments allows researchers to support
the protection of systems while making them
high-performing and adaptable for the
organisation.

II. LITERATURE REVIEW
A. Evolution and principles of Zero Trust
Architecture (ZTA)

Figure 1: ZT logical model
[5]
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According to Figure 5, the Zero Trust Logical
Model assumes that every system and user
starts with no trust at all. All attempts to
access data between untrusted and trusted
zones are managed by the Policy
Enforcement Point (PEP). The Policy
Decision Point (PDP), which is formed by
Policy Engine (PE) and Policy Administrator
(PA), is responsible for reviewing and
permitting access dynamically, applying the
concepts of continuous verification and least
privilege in Zero Trust Architecture [5]. Zero
Trust Architecture (ZTA) changes the way
security is handled in organisations using
distributed computing. It considers that
dangers may be found on the outside and on
the inside of the network. Principles
highlighted in the literature are identity
verification, controlling users’ access and
continuously reviewing access [6]. Such
principles are a good match for the way cloud
and DevOps systems operate. Nonetheless,
the conceptual background of ZTA is well
developed, but using it operationally in cloud
applications is rarely discussed in books and
articles. Integrating existing systems,
ensuring all the necessary tools are located
together and addressing latency issues are
issues that are not explored enough.

B. Security challenges in the cloud and
DevOps environment

This is commonly recognised in cloud and
DevOps that the wide attack surface and
constantly  changing settings increase
security issues. According to the author, the
fast deployment methods and IaC tools in
DevOps might accidentally introduce risks
[7]. They include problems with the default
settings, when credentials are improperly
handled and when access controls are not
strong. It is difficult to maintain adequate
security settings in cloud environments since
resources are deployed and taken away so
fast. It becomes more difficult because cloud
services and third-party integrations are
spread over different systems [8]. ZT
potential in DevOps is rarely focused on by
researchers concentrated on these risks. Very
little attention has been given to the
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challenges security teams encounter when
trying to set up Zero Trust in rapidly
changing IT environments.

C. Integration of ZTA into DevOps
workflows

The combination of Zero Trust with DevOps
practice is still developing and helps put the
ZTA concept into action. Experts suggest that
policy-as-code, identity-based authentication
and security checks in deployment should be
used when coding and automating [9]. On the
other hand, it is not very clear how these
issues can be dealt with swiftly and flexibly
in DevOps. Integration talks still mostly
focus on the tools, without dealing with the
important changes to teamwork and culture.
It advises using security enforcement, but it
does not fully discuss the impact on break
times, how effective the team is and the
number of false positives [10]. Real-time
monitoring, controlling secrets and reviewing
code at runtime are often examined by
themselves instead of as parts of an effective

ZTA approach for DevOps.

D. Automation, Scalability and
Governance in Zero Trust
Implementations

Figure 2: Zero-trust high-level
architecture
[11]
The figure highlights the integration of
Policy Enforcement Point (PEP), Policy
Engine (PE), and Policy Administrator (PA)
to automate access control decisions.
Automation ensures consistent, real-time
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responses to access requests. Scalability is
achieved by decoupling data control planes,
and governance is maintained through
centralised policy management, ensuring
compliance, visibility to Zero Trust
principles across environments [11]. In terms
of Automation, Scalability and Governance,
literature points to the growing need for
security solutions that can operate at the
speed and scale of cloud-native applications.
Experts believe Zero Trust is valuable due to
its reliance on policies and use of identity,
which allows for easy automation and
orchestration. Even so, the difficulty in
making ZTA work efficiently across different
types of environments, like multi-cloud or
hybrid, mostly concerns standardisation,
merging systems and making the whole
process visible. Risks in governance and
compliance are often pointed out but not
explored much [12]. How organisations can
keep records, follow compliance rules and
handle responsibilities between different
teams in zero trust systems is still mostly
unexplored in existing studies. Though Al
and machine learning are thought to help in
adaptive security, their usage in highly
important decisions remains concerning
because their consistency cannot be
completely trusted.

III. METHODOLOGY

A. Research Design

This study selects an explanatory design of
research to find out how ZTA can fit well
with cloud and DevOps methods for better
and safer software delivery. Its purpose is to
show how the concepts in ZTA relate to the
automated operations inside a dynamic
environment. Studying the causes and
mechanisms behind security strategies allows
the research to outline the ways they develop
as a result of modern software deployment.
B. Data Collection

This study relies on secondary data such as
academic  journals, white papers,
cybersecurity reports and material from cloud
service providers in the study. The research
incorporated both qualitative insights, such
as expert case studies and security framework
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analysis and quantitative data like secondary
statistics, adoption rates and system
performance metrics. This mixed-methods
approach  enables a  comprehensive
understanding of how Zero  Trust
Architecture is integrated into a cloud-based
DevOps environment.

C. Case Studies/Examples

Case study 1. Surespan- Enhancing global
collaboration with Zero trust and AR
While expanding in different countries,
Surespan from the UK noted that traditional
VPNs caused some problems. The company
switched from VPN to a Zero Trust Network
Access (ZTNA) model with Zscaler because
VPNs were unreliable [13]. Because of this
shift, critical resources could be accessed
directly and securely, resulting in better
performance and no disruptions. Besides,
RealWear AR headsets from Surespan,
remote system support was made simple,
which meant no need for unnecessary travel
and delayed work.

Case study 2. Coats Group- Securing IT
and OT systems with Zero Trust

Zero Trust Exchange was deployed by the
UK’s Coats Group to keep its IT and OT
systems protected. They allowed employees
and third parties to get easy access to
applications based on their circumstances,
made it easier to comply with standards such
as Payment Card Industry (PCI), Data
Security Standard (DSS) and General Data
Protection Regulation (GDPR) [14]. This
improved the company’s general security
through tight control over access levels. It
was expected that this deployment would
help reduce help desk work by over 150 hours
every month in the organisation.

Case study 3. Ekco- Advancing cloud
security with Zero trust

Implementing Zero Trust allowed the UK-
based firm Ekco to improve its cybersecurity.
Together with Microsoft and the National
Cyber Security Centre (NCSC), Ekco created
a Secure Configuration Framework for
Microsoft Office 365 last year [15]. The
approach maintained the importance of
security practices such as multi-factor
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authentication, limits to the accounts people
use and protection against the loss of data in
cloud environments.

D. Evaluation Metrics

Evaluation factors include how often the
system is ready, how often security incidents
happen, how quickly they find and fix these
incidents, how many policies are being
followed and how much time users spend
waiting for access [16]. With these
indicators, they check how well Zero Trust is
implemented in the cloud and DevOps,
helping to provide continuous protection,
steady performance and compliance with
regulations as software is made shareable and
secure.

IV. RESULTS

A. Data Presentation
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Figure 3: Cloud computing market size
[17]

Figure 3 above shows that the market size of
the cloud computing market increased
rapidly from almost $10 billion in 2008 to
about $160 billion by 2020 at a CAGR of
29% [17]. The increase in services underlines
the key role the cloud has in today’s digital
world. Since organisations deploy more
applications in the cloud, using Zero Trust
Architecture is essential to reduce risks in
their cloud environments. This trend comes
from the desire to use delivery models that
are both flexible and scalable, ready for
proper security measures and constant
deployment.
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Figure 4: Companies dominate the cloud
[18]
This chart shows how much money each of
the biggest cloud providers brought in 2021
and 2022. From the previous year, the
Intelligent Cloud at Microsoft had grown to
$81.8 billion compared to AWS at $80.1
billion [18]. The number of installations for
Google Cloud and Alibaba Cloud went up,
too. They suggest that cloud giants are still
leading, highlighting the reason why strong
Zero Trust measures are needed for big
systems. Since cloud operations bring in
billions, putting in place effective security
that uses identity is crucial for shielding
sensitive assets in hybrid and multi-cloud
setups.
B. Findings
The two charts show how cloud computing
has become much stronger and more
important in recent times. It is clear from
Figure 3 that the global cloud jumped from
less than $10 billion in 2008 to $160 billion
in 2020, with a 29% annual growth rate [17].
This increase proves that cloud infrastructure
plays a key role in helping businesses with
digital transformation. According to Figure 4,
Microsoft and Amazon held the top positions
in cloud computing last year, making $81.8
billion and $80.1 billion, respectively [18].
As businesses continue to grow and dominate
the market, zero trust is needed more than
ever before to improve security and stability
in their complex cloud networks.
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C. Case study outcomes

turned on
multi-factor

Case study Key Relevance
outcomes to the
present
study
Case study [ ZTNA and | Offers safe
1. Surespan- | RealWear and efficient
Enhancing | AR support | access for
global made the | DevOps
collaboratio | support more | users across
n with Zero | reliable and | the world,
trust  and | helped matching
AR reduce  the | Zero Trust
time for tasks | and
[13]. teamwork
from outside
the office.
Case study [ increased the | Ensures that
2. Coats [ security  of | Zero Trust is
Group- IT/OT valid, and it
Securing IT | systems, leads to
and OT | followed by | higher
systems GDPR  and | efficiency
with  Zero | PCI DSS | and
Trust rules. improved
regulatory
compliance
[14].
Case study [ They used a | Highlights
3. Ekco- | Secure the wvarious
Advancing | Configuratio | practices
cloud n Framework | that should
security to improve | be followed
with  Zero | cybersecurit |to increase
trust y, and this | safety in

cloud
systems for

authenticatio | software

n and data | developmen
loss t.

protection

[15].

Table 1: Case study outcomes
(Source: Self-Created)

The following case studies from the UK
explain some of the important effects of
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adopting Zero Trust Architecture. It reports
progress in security, meeting regulations,
improving operations and lowering the
chances of downtime. Every case outlined in
the paper is important for cloud and DevOps
security and scalability, helping reach the
study’s goals.

D. Comparative analysis

Auth | Focus Key Gaps
or Findings
[5] Evolutio | Brought Did not
n and | forward consider
principle | the ZT | implemen
s of ZTA | Logical ting  the
Model to | project in
indicate the cloud
access that | or
can vary | handling
through problems
Policy related to
Enforcem | performan
ent Point | ce and
(PEP), PE | latency.
and PA
and
warned
that
verificatio
n is
essential
at all times
[5].
[6] Methods | ZTA No
and depends discussion
principle | on focused | was made
s of ZTA | identity about how
checks ZTA
and could be
frequent incorporat
evaluation [ed  with
s of who is | other
using the | business
system in | and daily
distributed | tools.
settings.
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[7] Security | The study [ Less
challeng | discovered | attention
es that quick | is given to

installatio | the

ns and | strategies
issues ZTA
with could use
Infrastruct | to avoid
ure-as- DevOps
Code threats [6].
cause high

security

risks in

DevOps.

[8] Security | Emphasise | Zero Trust
challeng |d that | might face
es in | since difficultie
cloud cloud S when
and computing | integrated
DevOps [is divided | with

into hybrid or
several third-
services, it | party

can be | platforms.
hard to

maintain

security

for access

controls

[8].

[9] Integrati | Apply The
on of | policy-as- | approach
ZTA code and | taken did

live not

authentica | consider

tion to add | how to use

ZTA to the | security

DevOps principles

processes. | effectively
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developin
g software
[9].

[10] | Integrati [ ZTA  in | Team
on of | DevOps productivi
ZTA in | includes ty trade-
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DevOps | code offs were
scanning, | not looked
identity at, nor was
tools and | the issue
security at | of
runtime unnecessa
[10]. ry fast

positives
that lead
to  more
issues
during
deployme
nt.
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yin ZTA | PEand PA | of  how

to manage | ZTA
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control.
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Zero Trust | lity,
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security
operations
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[12].

Table 2: Comparative analysis
(Source: Self-Created)

The table compares eight authors, pointing
out what their research focused on, the main
results and what gaps they noticed in Zero
Trust Architecture for cloud and DevOps. It
brings up effective ideas in design, yet it fails
to provide details about real-world matters,
especially concerning integration, growing
programs, governance and how to put things
into practice right now.

V. DISCUSSION

A. Interpretation of Results

The results align well with objectives, and
since the cloud market is growing quickly
and major providers lead the industry, it is
more important than ever to implement Zero
Trust in DevOps. Case studies have proven
that ZTA ensures secure operations, follows
regulations and  works efficiently.
Automation, policy enforcement and threat
mitigation are found to be relevant based on
a look at the literature. In conclusion, the
results well support the main goal of the study
to bring Zero Trust into DevOps for more
secure and flexible software delivery in
changing IT environments.

B. Practical Implications

Using Zero Trust Architecture in the cloud
and DevOps makes organisations safer, more
compliant with rules for handling data and
boosts their overall performance [19].
Companies using Zero Trust Architecture
(ZTA) stop attacks across their IT systems
and guarantee proper access to applications
from any place. They keep software updated
regularly, help avoid downtime and
strengthen the systems against any threats
from outside or within.

C. Challenges and Limitations

Even though ZTA is beneficial, there are
some challenges in making it work.
Switching over from legacy systems to Zero
Trust means that they have to spend a lot on
identity setup, automation solutions and
updating the infrastructure [20]. The
limitation is that if ZTA is part of DevOps
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processes, it might reduce the speed of
deployments if it is not properly handled.
Different standards of policies across cloud
environments lead to unequal enforcement in
organisations. There are not many
experienced professionals ready to work with
Zero Trust concepts.

D. Recommendations

Organisations should implement zero trust in
phases, beginning with important assets [21].
They should adopt automation and identity
control technologies, support security during
DevOps development and give their
employees regular security training. Working
together closely is necessary for integrating
ZTA and running the system well.

VI. CONCLUSION AND FUTURE

WORK

The research reveals that putting ZTA in the
cloud and DevOps ecosystems enhances
cyber safety, adherence to rules by regulators
and effective work operations. It guarantees
that applications are secure, helps protect
valuable data and facilitates ongoing
deliveries. Case studies prove that using
technology can be successful, but difficulties
occur in making policies, standardising them
and preparing the workforce.

Future Work of the project can research how
ZTA manages the speed of deployment, the
productivity of teams and entry permission
through Al It i1s important to do more
research regarding ZTA in hybrid and multi-
cloud environments. They should also focus
on forming useful governance structures and
preparation programs that ensure long-term
use.
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