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Abstract:- 1t is an important albeit weak communication channel against electronic attacks that
is prone to attack on the government services, small and medium-sized enterprises in addition
to cloud providers. Conventional perimeter-based security systems are not able to meet the
challenges of the current environment of escalating threats, which include phishing, spoofing,
and advanced persistent threats (APTs). The paper discusses the increasing demand on
enhanced security posture by implementing a Zero Trust Email Security Framework based on
the reduction in the number of trust assumptions and applying ongoing identities, device, and
content verification in emailing environments. The system combines identity-based access
incorporation, behavioral analytics, threat intelligence, and layered encryption to identify,
isolate, and eliminate threats on a real time basis. By comparing case studies with simulated
attacks, as well as comparative evaluation of email-borne threats handling in varying
operational environments, the methodology addresses the need to analyze the possible
effectiveness of the framework in a range and variety of environments. The results show that
the rates of detected threats have markedly increased as well as fewer successful phishing
attacks have been realized. The Zero Trust Email Security Framework would be scalable and
flexible to fortify the security posture of cyberspace of both the public and the SMEs as well
as cloud providers. Its implementation would be a revolutionary improvement on the way email
security is currently handled, where defensive strategy is replaced with resilient one.

Keywords: Zero Trust Security, Email Security Framework, Cybersecurity Governments, SME
Email Security, Cloud Security Providers, Phishing Security, Advanced persistent threats
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1. Introduction

Landscape of Cybersecurity: The Increase of Threats: Email.
EMail is the most abused medium of attack as it acts as the gateway of attack in most of the
significant intrusions. Hackers are turning to email to compromise the sensitive systems with

phishing attacks, ransomware attachments, malware-carrying links, or business email
compromises. The most targeted organizations include government agencies, SMEs (Small and
Medium-sized Enterprises) and cloud service providers. These industries are also very
dependent on the use of email communication but in many cases do not have sufficient
protection to counter increasingly complex cyber attacks.
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Anomalies of email in the government sector might lead to the threat of national security,
distribution of potentially classified data, as well as the mistrust of the population. In the year
2023 according to Symantec (2023), phishing emails caused 68 percent of cyber attacks on
government institutions. In the interim, small to medium-size businesses are frequently affected
by the extreme loss of coinage due to a low cybersecurity budget and absence of a security
group. Cisco (2022) indicates that 75 percent of SMEs around the world had faced email-based
phishing, and over 50 percent of them had become infected with ransomware directly because
of it.

Cloud systems providers are becoming vulnerable as well since they are hosting client
information in shared systems. Even one infected account can reveal information of hundreds
of tenants. According to a report published by Palo Alto Networks (2023), it was shown that
61 percent of cloud service providers had malware infections, which were related to email-
borne attacks. Perhaps sensing a dire necessity of a sector-wide, more adaptive approach to
email threats, these numbers point to a brighter future.

1.2 The present Day Obstacles in the Conventional Email Security

The traditional models of email Security are founded on the perimeter-based defense or on the
basis that everything that lies within a firewall is secure and external traffic is the only threat.
But as the world becomes more hybrid, the use of BYOD (Bring Your Own Device) and cloud-
based applications and platforms, there is no longer a trusted perimeter. The use of email by
employees has changed as they access it at various points and through different devices and
this makes the perimeter-based models obsolete.

In addition, advanced malware like polymorphic malware, spear phishing, and zero-day
exploits cannot be countered adequately with static spam filters, and signature-based antivirus
programs. Cyber criminals are also using human error and social engineering tactics that
comply with older protections. According to the 2023 Data Breach Investigations Report
(DBIR) published by Verizon, more than 80 percent of the successful breaches included
phishing or deception via an email.

As it happens many times, things like these are not noticed by organizations until it is too late
it is too late that they have been hurt and that they have lost money, or that their data has been
exfiltrated, or that they have been disrupted in the service that they offer. The new generation

of email security devices is not smart enough, contextual, and flexible enough to handle the
new generation of complex attacks.
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1.3 The Restlessness of a New Security Model: On comes Zero Trust

The inefficiency of the conventional defense systems has contributed to the implementation of
Zero Trust Security (ZTS) model which characterizes the new approach to cybersecurity by
organizations. In sharp contrast to perimeter-based approaches, Zero Trust is formed on the
assumption that nothing, neither an inside nor an outsider, should ever be trustworthy in default.
All users, devices, application as well as emails should continuously be authenticated,
authorized and encrypted.

Zero trust was initially thought up by John Kindervag in the year 2010, yet it is now a generally
supported security structure at the recesses and government levels (Kindervag, 2010). As an
example, executive order 14028 requires the adoption of Zero Trust architectures in federal
agencies by 2024 in the U.S. Emerging infrastructures like the ones based on flexibility, cloud
computing, and distant work benefit Zero Trust as such arrangements are the new norm.

In the case of email, Zero Trust may be used as an effective method of increasing the level of
security. It authenticates senders and recipients, examines the contents of the message and
attachment, tracks user activity and uses access controls to block outbound traffic according to
the context of the risk. In a case where a user may not be following his/her usual habit, like
sending bulk emails out of his working hours, the system can automatically flag it or prevent
it.

1.4 The Email System with Zero Trust

Implementing Zero Trust within an email system makes use of a number of elements:

e Identity Verification: Verifies that those users and devices accessing the email, are indeed
authenticated through the use of multi data authentication and alert on the context.

e Least Privilege Access: Prevents sending, forwarding and downloading of sensitive
information unless permitted to do so explicitly.

e Continuous Monitoring: This type monitors the behavior of users in real-time with the help
of analytics and Al technology deterring factors such as a suspicious origin of login or IP
addresses or the unusual amount of emails.

e Data Encryption: Encrypts the contents and the metadata in order to deny interception and
tampering.
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Linked with secure email gateways (SEGs), DLP (Data Loss Prevention), and behavioral
analytics the Zero Trust model creates a proactive, elastic, and adjustable security system,
ready to deal with the ever-changing danger.

1.5 Service Efficiencies: Governments, SMEs and Cloud providers
This paper dwells on how the implementation in Zero Trust can strengthen the email security
in three main areas Governments, SMEs, and Cloud Providers.

Threats to governments include cyber threats that may cause a massive effect both to the people
and to their foreign relations. Threat actors focus on disrupting essential operations, aiming to
do that through impersonating leading officials to targeting classified communication. Zero
Trust would enable the government organizations to maintain a rigorous security posture and
adopt encrypted messaging, device compliance rules and end to end authentication to ensure
that national data and earned trust are not compromised.

Due to their difficulty concerning IT resources and smaller budgets, SMEs usually turn into
low effort, high reward targets. Some of the most popular include email impersonation attacks,
false invoices by vendors, and quotation disguised malware. Zero Trust enables SMEs to
deploy cloud-native security via cost-effectiveness through technologies with identity
verification enforcement, threat detection mechanisms, and safe handling of email content as
in the enterprise.

Cloud providers that handle huge data of email and information belonging to its users need
very good segregation and protection in real time. A hack of their systems may be spread over
clients. Zero Trust model helps the cloud providers to deploy micro-segmentation, encryption-
based communication protocols, and behavioral threat analysis to protect their multi-tenant
email infrastructure.

Although they may differ in specifics, each of the three industries has fundamental weaknesses:
phishing is still the most common type of attack, human factor is always an issue, and the old-
style filters have lost their effectiveness. Deployment of Zero Trust email model in these
industries offers a consolidated yet flexible line of security.

1.6 Comparative Statistics of Sector Specific Email Threat:
To highlight how urgent the problem is, the following table shows the comparison of recent
incident rates on email-based threats in the three sectors:

Volume 49 Issue 3 (July 2025)
https://powertechjournal.com



(S

<14 T\
/‘ /
\,“;

Received: 16-04-2025

ISSN:1000-3673

Revised: 05-05-2025

Table 1.1 Email-Based Threat Incidents by sector

~_» Power System Technology

Accepted: 22-07-2025

Sector Phishing Incidents | Ransomware Malware Infections
(%) Incidents (%)

Governments 68 42 59

SMEs 75 55 66

Cloud Providers 61 39 47

These data points out the fact that email threats are high and serious in all sectors. SMEs,
especially, record the highest percentages in all categories, and this is because investment in
cybersecurity is minimal, and the infrastructure is not strong. Even government and cloud
industries, which were long considered to be more secure, have disappointing results of
exposure.

1.7 Figure: The diagram of Email Threats visualization by sector

Email Threat Distribution by Sector
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Government

High-profile target for Central focus of
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Figure 1The diagram of Email Threats visualization by sector

1.8 Conclusion and Change

To conclude, the environment of cyber security in relation to email communication is becoming
intricate, unpredictable, and rather hazardous especially within governments, SMEs, and cloud
providers. The old systems of defense have not been able to keep up with the new threats and
secure email systems are not safe anymore under assumed models of trust. Zero Trust Security
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model is a more adaptable, real-time, and context-sensitive solution that will enable protecting
the email infrastructure independently of the scale and kind of the organisation.

This paper presents a Zero Trust Email Security Framework with its applicability, design, and
the effect along with three key industries. The framework is meant to enhance the detection of
threats, minimize the number of incidents, and a culture of verification and accountability in
the use of email.

1.9 Literature Review: Existing Email Security models

Spam filter, antivirus software, and firewall protection are some of the traditional fundamental
tools, which have been used to maintain email security. Such practices were successful at first
in minimization of mass email based attacks, particularly those that employ recognized
malware signatures or blacklisted IPs. As an example, spam filters will scan for potentially
suspicious keywords, malicious links and even mass emailing patterns, whereas antivirus
software will scan attachments to determine their maliciousness. Firewalls act as the controllers
that block traffic between internal sectors that one has faith in and the outside internet.

These models however, have some fatal limitations in contemporary world of cyber security
threats. First, signature-based detection tools do not work on zero-day threats- malware that is
yet to be recorded in any of the known database. Second, spam filters are either static and rule-
based, i.e. they do not work well against advanced spear-phishing attacks customized to
particular recipients. Such filters also give high false positive and negative results which makes
users lose their confidence with genuine messages (Verizon, 2023).

In the perimeter-based trust model, it is assumed that all that is within the network is secure
and this is not anymore the case in the highly interconnected environments. The hammer has
hammered the old perimeter, now that employees can tap into email systems anywhere, with
departmental devices, and even in the cloud. Thus, attackers are now allowed to spin,
proliferate both internal and external vectors with the same ease using such conduits as
compromised credentials or insider threats.

1.10 New customs in Email Protection
So as to cover some of these gaps, various standards and protocols have been identified. Among
the first are SPF (Sender Policy Framework), DKIM (DomainKeys Identified Mail) and
DMARC (Domain-based Message Authentication, Reporting and Conformance). These
models are used in confirming the origin of incoming messages as consisting of authenticated
sources and hence alleviating spoofing of domains. Though quite useful when it comes to
decreasing usage of impersonation, the solutions can fail. It is still possible that attackers wi
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take advantage of configuration loopholes, and most organizations do not rigidly apply these
protocols (Google Cloud, 2023).

Combined with the above standards, artificial intelligence (Al) and machine learning (ML)
have commenced transforming email security. Such Al-based systems can track user
behaviour, track abnormal use in real time, and immediately respond to changes in the threat
environment. As an example of this, behavioral analytics are able to detect abnormal times of
log-in, abnormal geographical +/- inconsistencies, or unexplained mass mailing activities. Such
tools have been found much more efficient than standard systems in recognizing the spear-
phishing attacks and account hijacking.

In addition to this, any suspicious attachment or link can be ingested in real time in an Al-based
sandboxing environment and executed in an isolated sandboxing environment before being
delivered to a user. This type of active threat analysis minimizes possible infections with
malware via email by a huge margin. However, Al tools could hardly be superior to the data,
they are being trained against. Unmonitored and not regularly updater they will forever fail to
locate highly specific attacks, or will be lost on the social engineering.

1.11 Zero Trust Cybersecurity

Zero Trust has already turned into a comprehensive and adaptable trend of cybersecurity that
encompasses most of the errors of conventional models and Al-based ones. The functionality
of the basic concept of trust of never trust all and always check eliminates implication of trust
on grounds of location, identity or device used on a network. Instead, the Zero trust oversees
continuous authentication, authorization based on context and the surveillance of activities of
all the access levels.

The principles of Zero Trust that were originally used to secure the networks, have been
extended to data protection, access to the application and identity management. Another
example is network security; in which micro-segmentation divides the network into small
areas, making it difficult to attack the network in future. In identity management, zero trust is
necessary, and you will need many-factor authentication (MFA), a biometric scan or behavioral
analysis-based recognition in advance of granting access.

With Zero Trust, real-time solutions to compute sender identity, privilege of the recipient,
contents of an email, and behavior of the user will be generated under email security. Case

studies related to finance and medical establishments have been able to portray that going Zero
Trust will lead to the significant reduction of data breaches. As an example, just six months
after implementing Zero Trust access to its email environments, one of the healthcare providers
in the U.S. reduced phishing success by 60 percent (Forrester, 2022).

Volume 49 Issue 3 (July 2025)
https://powertechjournal.com



.= Power System Technology

' ISSN:1000-3673

Received: 16-04-2025 Revised: 05-05-2025 Accepted: 22-07-2025

Furthermore, Zero Trust can prove to be more than beneficial in correlation with hybrid and
remote working environment protection. In the attempt to reduce cases of cyber espionage and
compromise of sensitive information the government departments in Estonia and the U.S
department of defense are employing Zero Trust polices, particularly in email and messaging
systems.

1.12 The problems of Government, SME and Cloud email security
Besides the progress in security models, there are still issues that impede matters in the sectors.

Advanced persistent threats (APTs) and cyber espionage commonly happen to government
agencies. Such actors do not only use email to access, they can use it to perform long-term
tracking or data theft. Popular methods include email pretending to be at the level of top
officials, the use of phishing attacks allegedly sent on behalf of trusted state agencies, and
malware disguised within masquerading attachments that have all the features of a legitimate
message. Zero Trust can alleviate these risks by implementing a callous role-based accession
and alienating delicate communication.

In contrast, cost and implementation barriers are the main issues of SMEs. A large number of
small corporations do not have an IT department, much less cybersecurity team. Consequently
the email accounts tend to be guarded by mere password and simple spam filters. To such
enterprises, the implementation of Zero Trust is not realistic at scale. Nevertheless, zero trust
solutions provided by cloud providers currently provide a modular set of security options (like
secure email gateways, MFA, and Al-based threat analysis), most of which are specifically
suitable to SMEs.

The complexities in Cloud service providers have their own outing. It is a mountainous task to
provide secure email communication with thousands of users, decentralized access points as
well as multi-tenant environments. The environments are susceptible to insider threats,
credentials, and data leakage in email systems. Providers can reduce these challenges by
implementing a model such as a Zero Trust model with micro-segmentation, tracking the
behavior, and conditional access. Nevertheless, deployment of such models on this scale is
associated with large-scale redesign of the architecture and monitoring of compliance.

1.13. Comparative Table Traditional and Zero Trust email security
In order to outline the variant of the contrast between traditional and Zero Trust approaches,
the comparison of important security characteristics is provided in the table below:
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Table 2.1- Conventional and Zero Trust Email Security Models

users

Capability Conventional Email Security | Best Zero Trust email
security
Authentication Password based login Multi-factor and
(username contextual
Threat Detection Signature based /Static Real-time / behavioral
Access Control Simple role based-access Fine-grained dynamic
policy
Attack Response Manual Reviewing & | Automatic pro-active
Quarantining measures
User Trust Model Implicit trust on internal No trust-no trust every

time

2.6 Diagram: Comparison of Security Model in a visual manner
Security Model Evolution

Traditional Models

Reactive and outdated security

a

Security Framework
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Security Components

Elements redefined by Zero Trust
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Figure 2 Security Model Evolution
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The literature shows evidently that there is a gap between what the conventional email security
systems can support and the needs of new-fangled cyber threats. New standards, such as SPF,
DKIM, and filtering through artificial intelligence can provide useful assistance, but they are
not able to combat continuous, deliberate attacks. Zero Trust model is a holistic, dynamic, and
scalable model, which could cater to many threats vectors and operations requirements.

This section has helped to provide a background to the framework to be proposed in the second
part of the study by going through all the existing models, changing technologies and the actual
requirements that governments, SMEs, and cloud providers have. Zero Trust is not only a
technological enhancement, but a paradigm shift: every aspect of email protection should
change under the new concept of security in high-risk digital settings.

Objectives

This stuy aims to design a Zero Trust Email Security Framework (ZTESF) tailored for
governments, small and medium-sized enterprises (SMEs), and cloud providers facing
advanced and persistent email-based cyber threats. The framework focuses on core Zero Trust
principles—Ileast privilege access, continuous authentication, and behavioral threat
monitoring—to mitigate phishing, spoofing, ransomware, and data exfiltration risks. Specific
objectives include identifying sector-specific vulnerabilities, proposing a scalable, layered
architecture grounded in Zero Trust philosophy, and evaluating its adaptability through
simulated implementation scenarios across the three target domains. The ultimate goal is to
offer a comprehensive, context-aware, and resilient approach to email security in digitally
dynamic and high-risk environments.

2. Methods

3.1 Design of the research

This study provides an abstract and qualitative inquiry on the design and development of a Zero
Trust Email Security Framework per the requirements of the governmental institutions, small
and medium-sized enterprises (SMEs), and cloud service providers. Instead of experimental
research, the course of the research is based on analyzing available literature, recurrently
reading about cybersecurity incidents, and summarizing the found principles of security to
design a feasible and flexible framework.

It is characterized by the explorative nature of the design that is expected to conceptualize a
scalable security model on the basis of real-life requirements and industry-specific challenges.
Information was obtained through several different outlets: published cybersecurity
frameworks (e.g. NIST Zero Trust Architecture), published breach case studies on
organizations, security white papers, and other breach data that is offered publicly is reputa,

Volume 49 Issue 3 (July 2025)
https://powertechjournal.com



=~ Power System Technology

/Y~ ISSN:1000-3673

Ny
A

Received: 16-04-2025 Revised: 05-05-2025 Accepted: 22-07-2025

security firms (e.g. Palo Alto Networks). Furthermore, the components of the framework were
informed by the best practices in the industry, as well as compliance standards including the
ISO/IEC 27001 and NIST SP 800-207.

It was also important that expert commentaries of cybersecurity professionals, as reported
through industry webinars, cybersecurity conference proceedings, as well as government
advisories, have helped validate the relationship of the security principles that have been
adopted. Such source triangulation secured this multi-dimensional view which is based on
theory as well as practice.

3.2 Development of Framework

The design of the Zero Trust Email Security Framework used a systematic and six-phase design
model. Such model will mitigate sector-related risks and follow the main essence of Zero Trust
Security:

e Determine Email Threat Vectors: Attack vectors that become available to hackers, such as
phishing, spoofing, malware through attachment, and business email compromise (BEC),
were discovered as breach reports in the threat intelligence databases were analyzed.

e (QGather Sector-Specific Security Information: In industry-specific study, vulnerabilities
which are sector-based were collected. As an illustration, espionage actors typically attack
government email systems, and SMEs are more likely to become victims of financial loss
through email impersonation.

e Maps of Vulnerabilities and Risk Patterns: Vulnerabilities that are most important were
placed against the threat vectors. To give an example, the fact that SMEs fail to encrypt
emails and that governments are highly vulnerable to spear phishing was indicated as a
crtical weakness.

e Use Zero Trust Principles: Zero Trust principles offered a solution to the identified risks
since the risks that were depicted on the maps were mitigated by least privilege access,
continuous authentication, device posture validation, and adaptive policy enforcement.

e Design Framework by Sector The Zero Trust strategy was then specific to each sector. In
particular, cloud vendors would have used micro-segmentation and multi-tenant isolation,
where SMEs would have made more use of lightweight Al-powered, multi-factor
authentication (MFA) gateways.
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e In accordance with the Industry Standards: The framework was compared to the industry-
standard cybersecurity frameworks so that the framework was compatible with the national

and international best practices.

3.3 Diagram: Development process of Zero Trust Email Security Framework

Developing 2ero Trust Email Security

Validation

Confirming the
framework's security and
reliability

Testing

Evaluating the
effectiveness of the
implemented framework

Implementation U

Putting the designed
framework into action
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2 ."‘,J al pact of identified

Threat
v' Identification

Tdentifying potential email
security threats

Figure 3Developing Zero Trust Email Security
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3.4 Research Methods- Data Collection and Analysis

The methodology adopted is based on the fact that this approach is founded on the collection
of ample data on email threats, where 3 main areas were considered as the governments, SMEs,
and cloud service providers.

e Government Data: Advisories issued by the Cybersecurity and Infrastructure Security
Agency (CISA) as well as the FBI Internet Crime Reports were observed to identify
patterns in the phishing, malware and espionage-related email attacks being experienced
by governmental entities.

e SME Data: Cisco and Kaspersky Labs reports were used to know about the weakness of
SMEs using email. The statistics showed that almost two-thirds of the firms depend on the
open email communication, which can cause significant security issues, as well as they
have poor password policies, and use DMARC, SPF, and DKIM mostly underused.

e Cloud Provider Data: Special reports related to threats in the cloud such as IBM X-Force
Cloud Threat Landscape Report gave details of how authentication layers are broken by
email-based intrusion and how the APIs of shared environments are exploited.

Security incident reports and breach statistics were assessed in each industry to estimate and
classify the type of the attack. This made it easier to trace trends including the growing
significance of social engineering, lack of efficiency of rule-based filters, and the necessity of
security controls based on identities.

The gathered data was interpreted in a qualitative way to identify conclusions and create some
insights into the gaps of email security in the sector. These findings were then projected onto
the philosophy of Zero Trust design, and as such, there was a customized implementation, as
opposed to a blanket solution.

3.5 Limitations
Although this conceptual research is broad based, it has various limitations:

e No Live Case Studies: Since the operation of cybersecurity, in general, as well as most
email security breaches, are highly confidential, live case studies involving government
institutes and cloud providers were not available. The internal policies and failure
reports are provided only in limited cases.
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e No Real-Time Testing: The proposed framework has never been carried out on a real-
time enterprise environment or in the government environment. Instead, simulations
and theoretical validation were utilized instead, which is unlikely to produce all the
real-life problems.

e Weak SME Input: There was no input of business owners through interviews or surveys
although SME-centric research data was made available. Consequently, the framework
might not present the real feasibility limitation on small enterprises.

e Secondary Data Use: The data upon which most of the analysis is based is secondary
meaning it is white papers, threat reports and industry advisories. Although these are
believable, it does not have granularity and context of operations that first-hand
implementation can produce.

In spite of the above shortcomings, the methodology is considered to be strong because of
triangulation of various sources of data and its consistency with world-renowned standards of
cybersecurity. The resulting framework can, hence, be referred to as innovative both in terms
of its theoretical validity and feasibility in a real-life situation, particularly when translated to
the conditions of a specific target sector.

The research approach that is taken in the given study combines knowledge on theory, data-
driven research, and principles of existing frameworks of cybersecurity to design a Zero Trust
Email Security Framework. Integrating the needs of individual sectors with worldwide security
standards, the approach is adaptive and relevant at the same time.

The proposed framework itself shall be described in the next part of this paper to demonstrate
how it is laid down to address precisely the vulnerabilities of governments, SMEs, and cloud
providers without exception and shall comply with the Zero Trust philosophy: you should never
trust and always verify by context.

3.6. Zero Trust Email Protection Environment: A summary of the Framework

In the current state of cyber security the current perimeter-based model has been shown not to
be sufficient in preventing complex and multi-vector attacks to the email system. Zero Trust
Email Security Framework (ZTESF) provides an effective alternative by adopting continuous

authorization, data-centric security strategies, as well as strict control of access. Unlike having
implicit trust in a network, this reference model operates on the principal that all access to it
can be a possible attack and, as such, it is necessary to be very conscious of the verification
and validation process through all the layers.
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3.7 Zero Trust email principles
Three principles have been used as the solid pillars of the Zero Trust model:

e Least Privilege Access: You need to give the users the least amount of access—the least
access to the systems and data needed. In email systems this implies that it is not
possible to display, even by accident, confidential mail or attachments other than when
absolutely necessary.

e Continuous Verification: Every communication to the email is continuously
authenticated and authorized on the basis of contextual information such as location,
device health and user behavior.

e Identity-Centric Security Identity is the main control point. Each system or users, both
internal and external to the network, should be authenticated to be allowed a password
after complying with the authentication process.

Through the combination of the mentioned principles, the Zero Trust Email Security
Framework shifts the focus of protection to preventing the attacks, reducing the scope of the
attack and limiting the scope of breaches, which can be contained rather quickly.

3.8 Major Parts of Framework

3.9 Authentication of email

The initial measure of preventing spoofing and impersonation is email authentication. The
structure has included:

e SPF (Sender Policy Framework): Makes sure that the incoming email servers have
permission to send the messages of a domain.

e DKIM (DomainKeys Identified Mail): employs cryptographic identifications to
authenticate the integrity of message and actuality of the message.

e DMARC (Domain-based Message Authentication, Reporting & Conformance): Considers
SPF and DKIM to work in parallel with the option to specify how unauthenticated messages
should be treated by the domain owners.

All these protocols help curb the number of fraudulent emails and help determine who is trying
to pretend that the domain is them.
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3.10 Authentication of the Users
The Zero Trust authentication surpasses the passwords. The framework has the following:

e Two-Factor Authentication (2FA): It demands a second telephone code or other type of
confirmation, e.g. email token.

e Multiation Factor Authentication (MFA): A collision of many authentication methods
such as something the user knows (password), something the user has (smartphone),
and something the user is (biometric).

e Biometric Security: The facial recognition or fingerprint scanning further increases
security especially on sensitive email system in government and Cloud systems.

Even in the case of leakage of credentials, these processes minimize the probability of account
compromise.

3.11 The Control of Access
The access control identifies the individuals who have access to looking at and sending and
receiving sensitive information. Features include:

e Context-Aware Access: Analyzes IP address of the user, his geolocation, time of use and
device prior to granting authorisation.

e Device Compliance Checks: It requires devices with full compliance as only these devices
would be allowed access to email contents.

e Granular Policy Forwarding: Tailors policies on the basis of user roles and thus it ensures
that only certain departments or even individuals can transmit particular types of
communication.

3.12 TL Monitor, Log Setting
The systems include real-time analytics in the framework, the basis of which is the monitoring
of behavior and the presence of anomalies:

o Artificial Intelligence Backed Behavioral Analysis: Using patterns learned over time it
can identify when something goes amiss like a large block of emails have been sent, a
foreign connection has logged on or a connection is trying to steal data.
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e Anomaly Detection: Detects abnormal files attached and clicking behavior as well as
corresponded with blacklisted address.

e Security Information and Event Management (SIEM): This tool collects and correlates
the data received in organizational logs, and generates alerts.

3.13 Email Encryption
To ensure proper confidentiality and block the interception of the information by unauthorized
persons:

e End-to-End: End to end encryption, messages between sender and recipient can be
encrypted so no third party can view the message.

e Transport Layer Security (TLS): Provides services in ensuring that no one can view or
alter the emails being transmitted.

Encryption of emails is especially important to those industries dealing with personal or
governmental sensitive information.

3.14. Layers of security

Zero Trust Email Security Framework helps to implement layers of email security through out
the lifecycle:

Figure 4.1 Security Layers of Zero Trust email

All the layers are positioned strategically to stop, identify and settle down various categories

of threats.

Layer Function

Layer 1: Email Authentication Blocks email attack: prevents spoofing of the
domain, and impersonation attack.

Layer 2: User Authentication Confirms the acts of identity on the user by
the use of 2FA, MFA, and biometrics.

Layer 3: Access Control Allows access using context and role.

Layer 4: Monitoring & Logging Identifies suspicious activity via artificial
intelligence and logs activities in order to
prove their traces. |

Layer 5: Encryption Provides protection of communicate content
against non-authorized access.
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3.15 Flexibility to Sectors: Institutions of Government

Computer crimes such as APTs (Advanced Persistent Threats), cyber espionage and
disinformation campaigns pose great threats to government organizations. The kind of
information dealt with in these institutions is sensitive like the defense information, the public
records and the diplomatic exchanges. The framework assists government requirements in the
following manner:

e Regulatory Compliance: is FISMA, GDPR and HIPAA compliant in handling data
securely.

e Data Sovereignty Controls: It checks that sensitive information during emails is stored
within the borders of jurisdiction.

e Threat Intelligence Integration: It integrates threat feeds around the world and that of
the companies internally in an attempt to predict attacks.

Implementation practices of Zero Trust in the state environment make it possible to monitor
the action of emails in real-time and check access and events, as well as contain possible
breaches, which is vital to the national security.

3.16 Small and Medium Enterprise (SME)
The budgets and the limited technical knowledge of SMEs make them a soft target. Their
limitations are covered in this framework under:

¢ Cloud-Based Gateways: low cost, hosted systems with in-built Zero Trust controls.

e Auto Policy Enforcement: Access policies are facile to set parameters and are simple
to practice in threat identification mechanisms.

e Defense-in-Depth: Proven to be user-friendly with the employee accounts being
safeguarded.
SMEs can attain heavy-duty security by implementing lighter components of the Zero Trust
model without severe investment.

3.17 Providers of cloud
Multi tenancy, distributed system and scalability characteristics complicate email security on

the cloud. Zero Trust is of assistance to cloud providers in the following ways:

e Micro-Segmentation: Seg Regulates the user environments and limits the lateral
movement.
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e Conditional Access Management: Supports integration of with AWS IAM, Azure AD
and Google Workspace in order to make risk-based policies.

e Tenant-Aware Logging and Alerting: Makes sure that when one of the clients is
compromised in their email space, it does not present a spill over to other clients.

Zero Trust can be deployed at cloud platforms that would provide better security transparency,
minimize downtime, and achieve their service-level agreements (SLAs) comfortably.

Zero Trust Email Security Framework is a multi-layered, principle-based approach that can
cover the requirements of current digital ecosystems. This framework can help to protect the
most urgent email threats and provide scalable and adaptive protection in their way of
continuous verification, granular access controls, and Al-powered monitoring and breaking the
outdated perimeter models.

Zero Trust provides a versatile guide to securing the SME that can be carried over to the
operational environment to counter phishing attacks, spoofing, and unauthorized access up to
the highest levels of government communication alongside other security as a service providers
of large scale. Every element, including authentication protocols and encryption layers, is an
important factor that builds the resilience of the organization.

This will be discussed in the next section where the performance of this framework against
simulated threat scenarios will be checked and it will be determined whether this framework is
feasible and how it performs and what are the limitations of this framework in the various areas.

3. Results

4.1 Scenarios of Implementation

In a bid to test the feasibility and success in real-world practice of the proposed Zero Trust
Email Security Framework (ZTESF), various theoretical, but realistic implementation
scenarios are posed in three areas of government institution, small and medium-sized
enterprises (SMEs) and cloud service providers. These scenarios model the situation of the
framework functioning both in normal and negative circumstances and include the points at
which it can affect the minimization of the cybersecurity risks.

4.1.1 Government use case: Ministry of Digital Affairs
Look at a Ministry of Digital Affairs in a nation with the mandate of ensuring communication
flows between the members of the cabinet, their international counterparts and other
departments of that country. The ministry has in the recent past been attacked by a sp
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phishing attack posing to be a deputy minister thus almost causing sensitive diplomatic
communications to be leaked.

Since the introduction of the ZTESF, the ministry has enabled multi-factor authentication
(MFA) to log in all users, end-to-end classified emails, and with more monitoring tools that
include behavioral analytics. DMARC, SPF, and DKIM are used to compare the legitimacy of
the sender of incoming emails. The filtering is also provided with the help of contextual rules
that prevent entrance of non-governmental [P-addresses or inappropriate equipment.

After six months of the implementation, there is no successful spoofing or phishing attack
registered. The level of malware detection using emails as a medium is at a higher level as Al-
based tools start learning to match the flow of incoming and outgoing communications in an
organization. Internal audit also has increased accountability because now all activity by users
on email systems are logged and it is monitored and auditable. Whenever an email is acting
suspiciously, real-time automated alerts will be raised and thus the IT security teams will be
able to interfere with it in time.

4.1.2 SME Scenario reducing down to the over-all Logistics Company Regional

An intermediate logistics company that has 120 staff members used to rely on naive spam
filters and the one-and-only password protection of cloud-based email service. The company
experienced a phishing attack in continuous delivery-related emails or invoice requests that
broke down into 15 customer accounts and carried out losses in finances.

The company embraces the scaled variant of the ZTESF to fit its capability in operations and
finance. All user accounts are required to use MFA and a lightweight Al-based email gateway
is deployed to track user behaviors and report any abnormality. The customer correspondence
happens to be encrypted by default, and those devices or locations that are unfamiliar
automatically result in the denial of access or additional verification.

In the first three months, phishing attempts keep continuing, though not one succeeds. There
are email warning messages imbedded into emails that give suspicious warning notes to
employees as they repeatedly avoid clicking on suspicious links. The security staff considers
that incident response time has decreased by 70 percent because there is no need to undertake
manual reviews due to manual detection and logging. Notably, the customer confidence returns
when the company shows that it is in tandem with the email security requirements and that it

is transparent in removing incidents.
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4.1.3 Scenario of Cloud Provider: A Multi-Tenant SaaS platform

A major Software-as-a-Service (SaaS) company which provides document collaboration
products has to handle the email traffic and notifications of thousands of business customers.
The provider was affected in the past by a minor data leakage caused by access attempts to its
APIs that was used by the attackers to send email notifications to the end users with malicious
links in it.

Once it adopts ZTESF, the provider implements micro-segmentation to in general sequester
tenant-specific traffic. The access to all administration is controlled by the use of context-aware
access. A SIEM system with Al capability is implemented to monitor and record unexpected
emails sending behavior. Privileged users especially those with the responsibilities of API
endpoints and email services are being subjected to biometric authentication.

During a six-month trial, the platform does not face successful attempts at breaching it via
email vectors. Any high rates of data going out, or files that come as a surprise, will be
automatically sandboxed and investigated upon. Moreover, the provider discloses its services
to clients in a better manner as it also provides real-time reporting on activity on email and
regulatory compliance with data security in terms of supporting Zero Trust principles.

4.2 Major Results

The above implementation scenarios indicate some of the main gains that were achieved due
to the introduction of Zero Trust Email Security Framework. These results indicate that current
cybersecurity risks may be examined with the help of pro-active, smart, and scaling solutions.

4.2.1 Elimination of Phishing and Spoofing instances

Among the most quantifiable outcomes of ZTESF, it is possible to count an impressive
decrease in effective phishing attacks. The layered security model (or, in other words,
authentication protocols, access policies, and Al-based monitoring) employed in both cases
allowed intercepting most phishing emails at the entrance point or neutralizing them with
robust user verification and high-precision controls.

In case of governmental establishments where malefactors often resort to the strategy of
impersonation to get access to the data of a secret nature, the implementation of authentication
procedures (SPF, DKIM, DMARC) was quite useful. Likewise, SMEs were enjoying warning

banners and email classification tools with which the non-tech staff could recognize the threat.
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4.2.2 Drop in the use of email to Deliver malware

The second obvious advantage is the reduction of malware and ransomware delivery through
emails as attachments or links in them. The combination of Al and sandboxing software assured
that malicious contents could be run under special conditions, and there was a minimal
likelihood of malware entering the intrinsic systems. This was particularly pronounced in the
case of the cloud provider where at scale there was file inspection being conducted through
automation that offered protection of numerous tenants.

Messages that were out of the customize patterns were also identified and halted by advanced
threat detection with behavioral analytics which also halted new and unpredicted malware
strains that the customary antiviruses could fail to recognize.

4.2.3 Increased Data confidentiality and integrity

End-to-end encryption of such sensitive areas as the government institutions made the
communication confidential even in case of partial compromise of the network. Moreover,
stringent rules of device compliance inhibited unauthorized downloads which minimized the
possibility of risks that could have been incurred with lost devices and stolen ones.

The ability to protect not just the emails body but also the metadata as well as the security
access controls enabled organizations to achieve greater integrity of communications both
internally and externally. This was necessary especially in regulatory where chain-of-custody
records and the audit trails were required.

4.2.4 Faster response time and resilience of organization

The three industries showed a better response time to incidents and a shorter downtime since
they had built-in logging, automated alerts, and a central system of visibility. Take, e.g., the
SMEs deploying lightweight SIEM platforms that can be installed on their cloud-hosted email
infrastructure, allowing them to intercept and counter threat attacks based on email in several
minutes, instead of a few hours or days.

IT teams in government reported an increased level of auditability and control; and cloud
providers experienced a reduction in client support ticket requests regarding questionable
emails and thus had more resources to spare on other more valued activities.

4.2.5 Shift to security awareness on the cultural level
One of the beneficial unsuspecting results was that it led to a cultural change in organizations
making them be more conscious of security. The constantly reminders, context-specific
messages, and visible authentication helped the employees to behave safer during their wor,
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with emails. These system reminders became passive training aids in SMEs, where training
tends to either be forgotten because of expense or because there is no opportunity to train
everyone at once.

In addition, decentralizing trust and implementing constant validation made users more aware
and vigilant thwarting the risk of an insider attack or a mishap.

4.3 Summary

The emulation of Zero Trust Email Security Framework in three sectors presents a clear
understanding of adaptability, effectiveness and scalability of the framework. Be it the top-
level government communication, SME working communication, and multi-tenant emails in
cloud computing, the framework brings measurable benefits in security enhancements on email
communication systems.

Significant decreases in phishing and malware-related activities, improved resiliency of the
systems and much shorter reaction times are just a few short-term and long-term advantages
associated in putting ZTESF to use. Other than that, maybe of greater significance is that it
fosters an active cybersecurity culture that keeps pace with transforming threats without
interfering with usability and effectiveness.

These findings confirm the main principle of the framework never trust, always verify, which
is becoming ever more crucial in the modern environment of digital connections.

4. Discussion

5.1 Comparison with the available Solutions

Traditional email security systems mostly depend on perimeter-based protection and threats
identification based on using the signature-based system and fixed rules. Such tools are
common solutions as spam filters, antivirus scanners and IP blacklists. Such measures are also
insufficient in cases of new and advanced attacks, namely; spear-phishing, business email
compromise (BEC) and zero-day exploits, which are sophisticated and targeted attacks.

By contrast, the Zero Trust Email Security Framework (ZTESF) being suggested assumes that
one cannot be completely assured of any user, device, and system since it may all be considered
potentially dangerous. The historical transition of the old approach of trust but verify to a policy

of never trust, always verify offers better security against both internal and external attacks.
The model is also combined with several layers of security surveillance such as authentication
procedures, access policies, behavioral patterns and encryption that operate concurrently t
minimize the chances of a successful attack.
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In contrast to the classical models, ZTESF is more dynamic and flexible and suits better to
decentralized settings, e.g. remote workforce or multi-tenancy cloud. Nevertheless, it is also
introducing complex set of characteristics in terms of set up and maintenance especially by the
smaller organizations. Without preventing, unlike legacy systems that emphasize prevention,
Zero Trust aims at continuous verification and quick response, which makes it more stable,
although more expensive in resources.

5.2 Implementation problems and Resistance
Implementing Zero Trust model in various organizations, particularly governments, SMEs and
cloud service providers poses a number of challenges that are considerable.

In the case of government institutions, their number one challenge is the incessancy of their
older systems and stricter regulatory code. Most of the organizations in the public sector
employ old infrastructure that cannot flexibly handle Zero Trust concepts to include real-time
analytics or sophisticated authentication systems. Also in high stakes environments adding
security protocols may not be an easy task, because it may interfere with essential services.

In comparison, SMEs complain of poor budget, unavailability of qualified IT staff and change
aversion. Implementing even the simplest solution of Zero Trust may imply investing in RaaS
or the process of training employees, and reorganization of the current access control policies
in practice, which many small enterprises cannot afford.

With regard to cloud providers, the issue is scales and complexity. A multi-tenant environment
requires not only isolation control that are robust but also tenant-related monitoring and
enforcement of policy. This has the tendency of raising the cost of operation and therefore there
is a need to update it frequently to ensure compatibility with the systems used by customers.

In addition, every organization has to deal with the human factor: the reluctance of users who
are not used to iteration in the process of enhancing their security (multifactor authentication
or conditional access). Even the most hi-tech structure can collapse without adequate training
and communication because it was not adopted well or poorly implemented by users.

5.3 Adaptability and scalability
These obstacles are not to be mistaken that the Zero Trust Email Security Framework will not

be fundamentally adoptive and scale. Comprehensive versions can be deployed in large
organizations, including governments and enterprise cloud providers, where complete SIEM
systems, custom access policies and full-scale behavioral analytics are available. Conversely,
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smaller companies can begin with simpler cloud-based services which have basic capabilities
like MFA and encryption of email, etc.

The modular architecture of the framework can make it be rolled out in stages. Organisations
are able to focus on coverage in high risk areas (e.g. executive communication or customer
service portals) and extend over time. This step-by-step process minimizes resistance to
deployment and enables the stakeholders to gauge success at each point of each step.

Also, the framework can be applied in both on-premise and cloud setup, which makes it
versatile in the various technical settings. Using up-to-date APIs and integration solutions,
ZTESF will be able to operate in collaboration with current applications, which will reduce the
disruption during transition.

5.4 Future research

Zero Trust in email security is new and there are a number of aspects that must be considered
more. Automated threat response is one of the promising directions in the use of Al. Although
the present model is focused on the detection and behavioral analysis based on Al is designed,
the future researches can be aimed at involving the Al to use real-time quarantine of emails,
the removal of the credentials, and introduction of lockdown process depending on the preset
threshold of the threats.

The cross-sector collaboration is another area of interest. The email threats which governments,
businesses and technology vendors experience tend to be the same but they work in a silos.
Establishing mechanisms of threat intelligence, best practice, and response strategy sharing
capabilities would go a long way to strengthen overall collective defense.

In addition, user behavior and psychology studies might be used to create more natural forms
of authentication that would weigh both security and usability. This comes in particularly
handy when we speak of minimising friction in places where high security is critical, and need
to enhance adhering to rules within non-technical users.

And finally, the regulation and policy must be formulated to standardize the Zero Trust
practices industry-wise. Research needs to investigate the aspect of compliance framework
improvement to consider Zero Trust frameworks need and provide incentives related to such

practices as early application.
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5.5 Conclusion

The persistence in proficiency and occurrence of cyberattacks via email have demonstrated
serious weaknesses in the customary approaches to security, especially among the
governments, small and medium enterprises (SMEs), and cloud service providers. The Zero
Trust Email Security Framework (ZTESF), as proposed, going straight to mention these
challenges and countering them with its principle-based, multi-layered, and adapted security
of email communications.

ZTESF lies to its foundation on the principles of Zero Trust Zest: least privilege access,
continuous verification, the identity-centric control, and contextual awareness. Such principles
are made operational by having in place elements like strong email and user authentication,
dynamic access controls, real time monitoring, end to end encryption. Through deployment of
these mechanisms in various sectors, the framework is able to allow access of sensitive
communication channels by identified valid users and secure devices; thus the chances of such
a channel being compromised is minimized.

The applicability of this construct is observable into the three targeting sectors. ZTESF enables
data sovereignty and state sponsored cyber attacks resiliency in government institutions. To
the SMEs, it offers the ability to scale cost-effective tools to fight phishing and malware attacks
without straining finances on scarce resources. The framework has an ability to provide multi-
tenant isolation, dynamically enforce policy, and detect threats specific to tenants, a necessity
in distributed systems when used in cloud service environments.

The implications of wider application of a Zero Trust model in email security are massive. In
the case of national security or when viewed through the public sector perspective, it prevents
the risk of espionage, interference of elections, and harming vital infrastructure. In the case of
a privately operated business, it helps to build trust among the stakeholders, minimize the
financial and reputational risk, and maintain a regulatory course in a narrow data age.

Nonetheless, there are no obstacles to implementation. The barriers include cost, old systems,
user resistance and technologically challenges. However, they can be borough by offering
deployment in phases, in the form of modules, until core items, like multi-factor authentication,
email encryption, and anomaly detection, can be integrated and then proceeded to complete-
format integration of Zero Trust architecture.

In this scenario, as cyber threats keep evolving, organizations can no longer count on bygone,
perimeter-based applications of defense. The governments, SMEs, and cloud providers must
take proactive approaches that follow the concept of Zero Trust. Such an action not on
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ensures that their communication systems are shielded, but also makes them better placed to
deal with the arising threats in a more interconnected world.

There arose the need to act. The stakeholders ought to commence an evaluation of their sitting
email security status, the gaps in it, and initiate pilot applications of Zero Trust measures. With
the adoption of a modern and flexible framework, organizations have already made an
important step toward creating strong, sustainable, and future-proof cybersecurity resilience.
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