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Abstract: This review paper discusses the issue of IT modernization in US, emphasizing on the shift
from centralized system and frameworks to cloud-based framework and its impacts on the
improvement of nations’ cybersecurity, operational effectiveness, and environmental footprints.
This paper discusses the key aspects emphasizing the idea of cloud migration, such as security
features to minimize risks, optimization of resource utilization to cut costs, and energy-saving
measures to decrease consumption and worldwide carbon footprints in US. These studies get
support from actual case of federal agencies and other private sector organizations to give an
example of modernization projects and the implications of the respective success. The paper also
looks at the issues of risk factors when migrating to cloud and possible solutions to the risks of
concerns to security and data integrity, risks of possible downtime, and the risks of cost implications
that may arise in the country. There are policy prescriptions in USA that are offered based on survey
findings on the role of the government to fund and promote IT modernization by offering more
financial rewards and engage in investment partnership to enhance IT modernization on its own
projects and other projects carried out in the country. Lastly, the new tendencies in cloud computing
and IT infrastructure like, hybrid cloud, artificial intelligence and edge computing have been
elaborated. This paper also emphasizes the significance of IT modernization for the nation by
protecting, improving, and sustainably utilizing data in a world that is rapidly going digital.

Keywords: IT Modernization in US; Legacy Systems; Cybersecurity; Cloud Migration; Operational
Efficiency; Environmental Sustainability; Al-driven Threat Detection.

1. Introduction
1.1. Overview of Legacy IT Systems: Challenges and Risks Associated with Outdated IT Infrastructure

Proprietary IT systems, which are marked by rusty hardware and preinstalled software, are still being
used in organizations and they come with several challenges and risks. Such systems most of the time does
not have the capabilities to meet modern security threats hence making their networks more exposed to
cyber threats [1]. Legacy systems are formally structured and are not very compatible with the newer
technologies and applications prevailing in the market [2]. This leads to service incompatibilities whereby
organizations end up implementing and managing many systems, which ultimately raises the cost of
maintenance and reduces efficiency [3].

Additionally, the traditional systems have relatively high failure rates, and they can cause
technological faults that affect business functions and sales [26]. This goes hand in hand with the fact that
many organizations are unable to meet the demands of the up-to-date data analytics and processing, which
in turn hinders their decision-making processes — the core of modern competition means [11]. Thus, these
problems increase along with the advancement of technology and the gap between the current system and
the current standards become more and more significant, which creates the necessity of modernization.
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1.2. Importance of Modernization: Enhancing Cybersecurity, Operational Efficiency, and Environmental
Sustainability

Today’s complex business environment makes it imperative to upgrade the information technology
ecosystem to improve the security, productivity and resource conservation. That way, organizations are
capable of embracing modern security measures that are quite challenging for the hackers to penetrate,
including data encryption, MFA and the use of artificial intelligence-based threat detection techniques that
cut out the risk of cyber-attacks [15]. Contemporary systems are implemented in order to guard against
todays and tomorrow’s risks and hazards, and particular emphasis is put to the relevance and efficiency
of the measures that are employed.

As an operational concept, modernization results in efficiency and dependability gains.
Contemporary IT systems depict the capability of integrating high volumes of through put data and
transactions, time reduction as well as effective management of resources [6]. Bored automations and
improved integration capacities make operations smoother, which in return helps organizations to react
faster to changes in the market and customers’ demands. Additionally, modern systems have the
scalability feature, meaning that businesses can expand without being pulled down by the limitations that
come with gearing.

Despite these drawbacks, performances of widespread contemporary IT systems are normally high
and environmentally friendly, which would help organizations and governmental institutions to achieve
their sustainability objectives [44]. For instance, cloud computing such as in virtualization aids in resource
utilization to cut down energy utilization than in localized data centers [5]. In this capacity, different
aspects of modernization for example, the use of efficient energy and reduction of e-waste are part of the
broad environmental sustainability programs.

1.3. Government Initiatives: Overview of U.S. Government Strategies Supporting Cloud Adoption and IT
Modernization

Federal IT governance within the United States has also understood the necessity of IT modernization
and, as a result, has developed several programs for cloud utilization and for modernizing outdated
platforms. According to the Federal Cloud Computing Strategy known as “Cloud Smart,” agencies should
use cloud technologies to advance services and strengthen protection [33]. This strategy offers
recommendations on security, acquisition, and personnel to support the efficient use of the cloud.

Moreover, the Modernizing Government Technology (MGT) Act funds the switch of federal agencies
from insecure and/or inefficient systems to newer versions as per their needs [30]. TMF is approved under
the MGT Act and provides funding for the initiatives that seek to enhance the delivery of the public services
via IT augmentation. This fund focuses on those that will help better security, effectiveness and also save
costs in the long run [39].

Initiatives including the Continuous Diagnostics and Mitigation (CDM) program that offers tools and
services to federal entities to boost their cybersecurity status have also been started by the Department of
Homeland Security (DHS) [17]. The CDM program addresses the identification and remediation of
vulnerabilities in real-time, which means agencies become equipped with security measures to deal with
related risks of the legacy systems [48].

Sustainability and growth of national IT networks are illustrated in the following initiatives as
follows: The adoption of the cloud and the modernization of IT is the goal of the U. S. government as a
way of ensuring that there is development of better technological practices.

2. Literature Review
2.1. Cloud Computing Benefits

Cloud computing has many benefits well captured in existing literature on the subject. The first
advantage is that it is possible to scale up the process to a point that it contains large numbers of people.
With cloud solutions, organizations can obtain or shed IT assets dynamically, and this gives them the
elasticity characteristic that can translate to cost-savings on an organization resource [4]. This elasticity is
very essential for any organization since any extra workload can be adjusted by paying for additional
resources as a result of the on-demand resource procurement [12].
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Table 1. Cloud Computing Benefits

Benefit Description Source

Allows for the dynamic scaling of resources based on demand,
Scalability [4]; [12]
ensuring efficient resource utilization.

Cost Reduces capital and operational expenditures through pay-as-
[28]; [34]
Savings you-go pricing models and lower maintenance costs.
Security

Provides advanced security features such as encryption, multi-
Enhanceme [40]; [26]
factor authentication, and Al-driven threat detection.

nts
Disaster Offers robust disaster recovery solutions that ensure data backup
[38]
Recovery and continuity of operations in case of system failures.
Enhances collaboration by providing access to shared resources
Collaboratio
and applications, enabling real-time communication and [23]
n Efficiency
collaboration.
Accessibilit Enables access to data and applications from anywhere with an
(9]
y internet connection, facilitating remote work and flexibility.
Ensures that systems and applications are always up-to-date with
Automatic
the latest features and security patches without manual [14]
Updates
intervention.
Environmen Reduces energy consumption and electronic waste through
[16]; [18]
tal Benefits optimized resource utilization and virtualization.
Innovation Supports rapid deployment of new applications and services,
[28]; [12]
and Agility fostering innovation and business agility.
Cost

Provides predictable cost structures through subscription-based
Predictabilit [39]
pricing models, making budgeting easier.

y

There are further advantages in cost savings when clients decide to migrate to the cloud. With that,

organizations can decrease capital costs on facilities and hardware in addition to having operating costs of
maintaining and updating software and hardware [13,29,41]. The fact that the cloud services’ pricing
strategy is based on the pay-as-you-go model enables firms to flexibles their cost structure by transforming
fixed costs into variable costs [32].

Cloud adoption has been also depicted to be efficient in increasing security. Modern cloud service
providers provide enhanced security techniques and technologies, which are much more effective than the
security solutions independently procurable by the firms [40]. It has enough protection against cyber
threats with features like data encryption, multiple instances of authentication, and use of autonomous
detection of threats [26]. Also, the model of shared responsibility in cloud computing implies that both the
provider and the client are involved in ensuring security, which makes the security status better [25].
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Frequency of Cloud Computing Benefits Mentioned in Literature
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Figure 1. Frequency of Cloud Computing Benefits Mentioned in the Studies
2.2. Case Studies

There are lessons from well-implemented legacy system modernization undertakings in terms of
opportunities and risks. VA of United States embarked on one of the largest IT modernization initiatives
to bring change to its electronic health record system. The VA’s 2010 to 2020 plans and strategies aimed at
improving interoperability and security and usability of the EHRs led to better delivery of care and
management of data [2].

Globally, the most successful project was the ATO’s implementation of a modern IT environment to
improve service delivery and business operations. The ATO has realized that it can cut on system
downtimes, process more data faster and increase the security of tax payers” data whenever it adopted a
cloud-based platform [7]. Thus, the ATO’s experience strongly pinpoints the significance of the proper
strategic planning and management of stakeholder relations for the effective accomplishment of IT

modernization initiatives.
Distribution of Outcomes from Case Studies

Increased Innovation Reduced Downtime

15.0% 10.0% Enhanced User Experience
10.0%

Improved Security 20.0%

15.0%
Cost Savings

30.0%

Operational Efficiency

Figure 2. Distribution Outcomes form Case studies
In the private sector, the company which went through a digital business transformation process was
the General Electric (GE) which aimed at updating its old-fashioned information systems and adopting the
cloud solutions. GE’s modernization agenda for this business involved incorporating IoT and analytics
into the GE value proposition, thus driving asset performance management and operation excellence [6].
This case indicates that if there is an opportunity to modernize IT then it can spur on innovation and
competitive advantage.
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Table 2. Case Studies of Successful Legacy System Modernization

Organization Project Description Outcomes Source
Improved healthcare
Modernized electronic health
Department of delivery, enhanced data
record (EHR) system to enhance
Veterans management, and [2]
interoperability, security, and
Affairs (U.S.) increased security of
usability.
patient records.
Reduced system outages,
Australian Migrated to a cloud-based
improved data processing
Taxation platform to enhance service
speeds, and enhanced [7]
Office delivery and operational
security of taxpayer
(Australia) efficiency.
information.
General Improved operational
Integrated IoT and analytics
Electric efficiency, enhanced asset
capabilities into operations for [19]
(Private management, and
asset performance management.
Sector) increased innovation.
Transitioned from on-premises Enhanced scalability,
Netflix
data centers to a cloud-based reduced downtime,
(Private [16]
infrastructure to support global improved user experience,
Sector)
streaming services. and cost savings.
Increased efficiency in
The State of Modernized state government
service delivery, enhanced
California systems to improve public services [13]
cybersecurity, and cost
(Us.) and operational efficiency.
reductions.
Royal Bank of Enhanced system
Upgraded core banking systems to
Scotland reliability, improved
improve reliability and customer [32]
(Private customer experience, and
service.
Sector) reduced operational risks.
UK
Transformed public services by Improved accessibility of
Government
adopting cloud technologies and  services, reduced costs, and [42]

Digital Service

modernizing legacy systems.
(Public Sector)

enhanced cybersecurity.
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Toyota Motor Increased production
Modernized IT infrastructure to
Corporation efficiency, improved data
integrate IoT and cloud computing [6]
(Private analytics, and enhanced
for smart manufacturing.
Sector) operational flexibility.

Migrated core business

Capital One Improved security posture,
applications to the cloud to
(Private increased agility, and [14]
enhance security and operational
Sector) significant cost savings.
agility.
Implemented a government-wide
Singapore Enhanced service delivery,
cloud infrastructure to support
Government improved scalability, and (7]
digital services and improve
(Public Sector) reduced costs.
efficiency.

Reduced operational
Upgraded global shipping and

Maersk disruptions, enhanced
logistics systems to improve
(Private cybersecurity, and [3]
operational efficiency and
Sector) improved tracking and
cybersecurity.

logistics management.

Bank of Enhanced digital banking
Modernized IT infrastructure to
America capabilities, improved
support digital banking services [10]
(Private customer satisfaction, and
and improve customer experience.
Sector) reduced operational costs.

2.3. Environmental Impact

Contemporary IT solutions have rapidly been demonstrated to have a marked energy conserving and
lowered carbon emissions potential. Research has shown that the use of cloud computing results to energy
savings because of IT resource productivity and DC efficiency [20]. For example, Google in its annual
Sustainable Operations report claimed that its cloud data centers are 2X more energy efficient than industry
average enterprise data centers mainly because of its advancements in cooling and power control [27].

However, flexibility in workloads through cloud computing through use of virtualization
technologies enables the workloads to be run on fewer physical servers hence the global energy
consumption is minimized [16]. This consolidation also eliminates the need for accessories that may require
the use of electronics; thus, lowering the levels of electronic waste and their impact on the environment
[21].

IT solutions being adopted in the contemporary society are not only environmentally friendly due to
energy conservation. Since the Cloud technology encourages working from home and virtual
collaboration, the possibilities of commuting or business travel and hence emissions are cut short [43]. In
addition, IT systems in the contemporary world enable the execution of smart grid architectures that
facilitate efficient distribution and consumption of energy hence promoting a better way of power
utilization [5].
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Table 3. Environmental Impact of Modern IT Solutions
Environmental Benefit Description Source

Cloud data centers are more energy-efficient due to
Energy Efficiency [20]; [29]
innovations in cooling and power management.
Virtualization and consolidation of workloads onto
Reduced Electronic Waste [19]; [31]
fewer physical servers minimize electronic waste.
Remote work and virtual collaboration reduce
Lower Carbon Emissions commuting and business travel, leading to lower [8];[43]
emissions.
Optimized use of IT resources through cloud
Sustainable Resource
computing reduces the need for new hardware and [32]; [45]
Usage extends the lifespan of existing equipment.
Many cloud providers are investing in renewable
Renewable Energy Use energy sources to power their data centers, [8]; [31]
reducing reliance on fossil fuels.
Adoption of green IT policies and practices in data
Green IT Policies centers leads to reduced environmental impact and [33]; [47]
supports sustainability initiatives.
Advanced cooling techniques in modern data
Water Usage Efficiency centers reduce water consumption compared to [43]; [27]
traditional methods.
Some modern data centers are exploring ways to
Waste Heat Utilization capture and reuse waste heat, reducing overall [15]; [31]
energy consumption.
Cloud providers are setting and achieving carbon
Carbon Neutrality Goals neutrality goals, contributing to global efforts to [20]; [3]
combat climate change.
Comprehensive lifecycle assessments of IT products

Lifecycle Assessment and services help identify opportunities for [5]; [38]

reducing environmental impact.

3. Methodology
3.1. Data Collection

Data collection for this review paper includes establishing a broad information search from both the
federal agencies as well as private organizations. The studies’ primary emphasis is the descriptions of
practical issues emerging in legacy systems, approaches to resolve such issues, and consequences of the
change. Specific steps for data collection include: Specific steps for data collection include:
1. Federal Agencies:
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Sources: Data will be gathered from the annual reports and the government publications and also from the
official websites.
Types of Data: Information will be collected on existing IT infrastructure, the identified challenges
including the modernization initiatives and the post-modernization outcomes. Prominent examples
include:
e The Department of Veterans Affairs' Electronic Health Record (EHR) modernization.
e The State of California's government systems upgrade.
e The UK Government Digital Service's transformation strategy.
2. Private Sector:
Sources: Data will be sourced from the company reports with case studies published in the industry
journals and the interviews conducted with the key stakeholders.
Types of Data: Details about the legacy system issues with the specific modernization projects and also the
results achieved will be collected. Main Examples include:
e General Electric's integration of IoT.
e Netflix's transition to cloud infrastructure.
e Royal Bank of Scotland's core banking system upgrade.
3.2. Analysis Framework
The analysis framework will be created to assess the factors such as the level of cybersecurity, the
efficiency of business operations, and the level of environmental impact for cloud migration and on
premise solutions. The elements that define this framework are the following:
1. Evaluation Criteria:
Cybersecurity: Evaluation of security changes after modernization with aspects such as encryption, mFA,
and Al-based threats identification. The following measures can be taken to quantify the evaluation;
Internal/External security breaches ‘before’ and ‘after’ the inception of advanced security protocols.
Operational Efficiency: The assessment of changes in functionality offered by the system, in its reliability,
and in the way it can manage resources. Some of the measures are system down time, processing time of
the system and costs incurred on the maintenance of the system.
Environmental Sustainability: Energy usage, CO2 emissions, and e-waste management breakdown.
There is the usage of energy before and after or employing modern technology, the percentage of
renewably sourced electricity, and the volume of electronics that are discarded.
2. Comparative Analysis:
Cloud vs. On-Premise Solutions: A comparison of the cloud migration and on-premise modernization
solution based on the following categories: Security, Operations, and Environment. This means that one
identifies the different attributes like the performance of the case and makes a conclusion by comparing
the indices of various cases.
3.3. Data Sources
e  Federal Agencies:
Department of Veterans Affairs (EHR modernization)
State of California (government systems upgrade)
UK Government Digital Service (digital transformation)
Department of Homeland Security (Continuous Diagnostics and Mitigation program)
e Private Sector:
General Electric (IoT and analytics integration)
Netflix (cloud infrastructure transition)
Royal Bank of Scotland (core banking system upgrade)
Capital One (cloud migration for security and agility)
Maersk (global shipping and logistics systems upgrade)
Bank of America (digital banking services modernization)

4. Findings
4.1. Cybersecurity Enhancements

Cloud Migration: Cloud migration greatly improves the security by using protection mechanisms
offered by the cloud solutions. Some of the steps that are being taken are the encrypting of data during
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storage and transmission, using multiple factor authentication and even Al security. Some of the cloud
providers include Amazon Web Service AWS, Microsoft Azure, and Google Cloud Platform, and they offer
excellent security features that may even surpass what is offered in physical structures. The surveys reveal
that organizations that use the cloud had improved their security and improved on the rate at which they
were able to act on possible threats [40,26]. Also, a usual cloud service offering makes both the cloud service
provider and the customer equally involved in managing the security, which leads to an enhanced security

posture among the users [25].
Cybersecurity Enhancements
12

10F

Number of Security Measures

Cloud Migration On-Premise Solutions
Solution Type

Figure 3. Bar Chart of Cyber Security Enhancements in terms of Solution Type
On-Premise Solutions: Modernization of on premise systems also enhances the organizations’ security,
mainly through the implementation of new technologies and better security practices. Among firms that
have modernized their legacy systems, the following advanced firewalls, intrusion detection systems, and
security updates are reported to be in place. For instance, the Royal Bank of Scotland has benefited from
secure operations as well as a decrease in operation risks after implementing a new core banking system
as indicated in this Case Study [32]. However, it is worth stating that achieving and, especially, sustaining
high security standards is always a work in progress that demands consistent investments and
knowledgeable professionals; it is something that might be especially difficult for organizations that are
not considered large companies [37].
Table 4. Cybersecurity Enhancements

Solution Type Security Measures Outcomes Sources

Encryption, multi-factor
authentication, Al-driven threat  Reduced security breaches,

detection, Compliance Faster response times, [8]; [26];[25]; [40]
certifications (e.g., ISO 27001, Improved compliance
SOC 2)
Cloud Centralized security Centralized control,
Migration management, Automated Reduced manual [10]
security updates intervention
Shared responsibility model, Enhanced collaboration in [25]
Secure APIs security management
Data loss prevention (DLP), Minimized data loss, [36]
Continuous monitoring Proactive threat detection

Ad d fi lls, I i .
vanced firewalls, Intrusion Enhanced security,

' detection, Begular uPdates, Reduced operational risks [32]; [36]
On-Premise Endpoint protection
Solutions Network segmentation, Security Improved network
information and event security, better incident [38]
management (SIEM) response
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I hysical i
Physical security controls, Patch nereased physical security,

Timely vulnerability [32]
management s
mitigation
Custom security configurations, =~ Tailored security measures, 34]
Data encryption Protected data integrity

4.2. Operational Efficiency

Cloud Migration: Cloud Migration improves the business functionality of an organization through the
provision of flexible resources, the avoidance of disruptions as well as the strengthening of system
resiliency. The availability of resources in the clouds makes it possible for organizations to scale up their
capability according to the need, which in turn enhances efficient utilization of resources and consequently
the expenses are cut down [4]. A shift to a cloud-based environment made it possible for Netflix to meet
fluctuating working conditions thus enhancing the users’ experience and in the process cutting large
expenses [16]. Additionally, automation and orchestration tools exist in cloud environments that make it
easy for the cloud computing to function without having to call for assistance from human beings which

in essence increases efficiency [28].
Operational Efficiency
12

10r

Number of Efficiency Measures

Cloud Migration On-Premise Solutions
Solution Type

Figure 4. Bar Chart Operational Efficiency in terms of Solution Type

On-Premise Solutions: The elevation of on premise structures can also result in massive enhancements
in the working procedure. There are advanced features of systems that care for the updated and high
processing rate, low downtime for the system, and excellent integration prospects. The efficiency thus
improved depended on the specific government system which was upgraded and the operational cost was
proved to have been reduced in the State of California [13]. But the first cost and subsequent yearly
expenses are sometimes significantly greater than those of cloud solutions. Also, the on-off premise
systems’ flexibility has some restrictions due to the physical infrastructure; it becomes a constraint in terms
of demand variability [11,46].

Table 5. Operational Efficiency Measurements

Soluti
o utiont Efficiency Measures Outcomes Sources
Type
Scalable resources, Reduced Optimized resource usage, Cost
downtime, Enhanced savings, Improved user experience, [4]; [16]; [34]
reliability, Automation tools Reduced manual intervention
D .
alloca};lzmi’care—zcsn—lrgi— o Increased operational flexibility,
L Y y & Predictable costs, Streamlined [41]; [23]
Cloud pricing, Centralized .
. . operations
Migration management
Disaster recovery as a Improved disaster recovery
service (DRaaS), Cloud- capabilities, Enhanced decision- [91; [12]
based analytics making processes
High availability, Global Improved service continuity, Access
[3]; [20]
reach to global markets
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Faster processing speeds,

) More efficient service delivery,
Reduced downtime, better Y

L tional costs, Limit 13]; [11
integration, Customized ower Opersczzsﬂios s Limited (135 [11]
infrastructure y
Dedicated hardware,

Improved performance for specific
Control over data, proved p pecifi

: ks, Enh t trol .
On Compliance with local tasks, Enhanced data control, [33];126]

Premise , Regulatory compliance
Solutions regulations
Investment in IT staff, On- Increased operational control,
site maintenance, Tailored Higher upfront costs, Specialized [16];[6];147]
solutions workforce

Localized data storage,
Optimized network
configurations
4.3. Environmental Benefits

Reduced latency for local users,

Improved network efficiency [22];(31]

Quantifying Reductions in Energy Consumption and Emissions: The cloud and all types of on-
premises applications are already making substantial cuts in energy use and emissions of greenhouse
gases. Modern cloud data centers are designed to be energy efficient and use features such as more efficient
cooling systems and power sourced from renewable energy. For instance, Google’s data centers are 100%
more energy efficient as compared to typical enterprise data centers leading to a significant reduction in
energy consumption [20]. Amazon and Microsoft also state that renewable energy is integrated in its
operation to decrease the carbon footprint [8,31].

Virtualization and workload consolidation of cloud computing also decrease the amount of physical
server demands thus the electronic waste and carbon emissions are limited [13]. Analyzes show that
organizations migrating to cloud infrastructure can save the use of energy by up to 87% when compared
to managing on premise data centers [31]. Also, the use of circular economy is becoming widespread
among cloud providers, for example, for recycling and further usage of the old hardware [20].

Environmental Benefits

10

Number of Environmental Measures

Cloud Migration On-Premise Solutions
Solution Type

Figure 5. Bar Chart of Environmental Benefits in terms of Solution Type
As to environmental concerns, on premise solutions that include contemporary energy efficient
ironmongery and refrigeration also added value. The companies which have replaced their old systems
reveal that they have managed to use lesser power to fuel their systems besides realizing better energy
utilization ratios. Similarly, Toyota Motor Corporation, announced enhanced production capacity and
reduced energy consumption following the firm’s modernization of its IT systems [6]. However, emulating
the efficiency of cloud providers is rather difficult due to scale and investments.
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Table 6. Environmental Benefits

luti
Solution Environmental Measures Outcomes Sources
Type
onificant ings,
Energy-efficient data centers, Use of Significan CHEIgy savings
. . Reduced electronic waste,
renewable energy, Virtualization, ] [8]; [13]; [20];[31]
Circul hcipl Lower carbon footprint,
rcular economy prin
freuiar economy principies Enhanced sustainability
Dynamic resource allocation, Pay-as-  Optimized resource usage, [27]
Cloud you-go pricing Minimized idle resources
u
I d itoring,
Migration Cloud-based energy management mprove energy.mom orng
: Lower per-unit energy [12]; [4]
tools, Economies of scale .
consumption
Reduced environmental
Green data center initiatives, impact of data center 31[20]
Sustainable procurement policies operations, Promotion of ’
sustainable practices
Reduced power
Modern energy-efficient hardware, consumption, Improved (6]
Advanced cooling technologies energy usage efficiency,
Lower energy costs
On-Premise Localized renewable energy Increased use of clean energy,
Solutions integration, Power usage Enhanced data center [33]; [43]
effectiveness (PUE) optimization efficiency
I ti IT ti
nves.tmen fn green 14 practiees, Minimized e-waste, Extended
Lifecycle assessment of IT : [407; [5]
. lifespan of IT assets
equipment
. . Improved energy reliability,
£ -
Implementation of smart grids, On Reduced dependency on non- [17]; [41]

site energy storage solutions

renewable energy sources

Cybersecurity Enhancements

12r

10r

Number of Security Measures

Cloud Migration

On-Premise Solutions
Solution Type

Figure 6. Bar Chart of Cyber Security Enhancements in terms of Solution Type

4.4. Discussion

Challenges and Solutions: Transferring to the cloud and updating IT systems are both processes that
consist of the following challenges that must be considered for a successful implementation. One crucial
challenge is that cloud storage raises security and privacy issues due to client information storing.
Concerns can be made for upcoming data breaches and information loss control and any other related
issues. To alleviate these concerns, one should employ trusted CSPs with effective security mechanisms
and official compliances like ISO 27001 and SOC 2. Furthermore, risks such as these can be managed
through the use of good encryption, authentication, and monitoring features [40,26].
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Another dilemma is the possible inactivity and interruption when moving from one framework to
another. To overcome these challenges, it's advisable for firms to adopt a rolling migration strategy that
begins with the less sensitive applications and systems before proceeding to the highly sensitive ones.
Challenges can be solved in smaller parts, which mitigates the possibilities of substantial disruptions. In
addition, effective development of contingency plans would enable the firm to implement disaster
recovery strategies to help it carry on with business in the event that there is disruption during the
migration [9].

This is also considered a critical factor of challenge by many organizations that are willing to migrate
to the cloud. Overall, in the case of cloud solutions, the business will greatly benefit in the long run in terms
of expenses, though the setup costs can be high at first. To this end, using many cloud providers’ pay-as-
you-go model of operations where an organization only pays for the number of resources it consumes at a
certain time in a fiscal period is advisable to reduce wastage costs [4].

Policy Recommendations: These mostly revolve around policies, which significantly govern as well
as encourage IT modernization strategies within various organizations. In terms of incentives, one can
recommend offering tax credits or grants to organizations that are engaging in the acquisitions of more
contemporary IT equipment. This can reduce the expense needed to cause organizations to migrate this
process to the cloud and on the same note make more organizations to adopt these technologies.

Also, the governments should continue to draft comprehensive cybersecurity policies that mandate
organizations to adopt sufficient security measures. This can be useful for counteracting the security
threats and guaranteeing that all the organizations turning to the cloud meet a number of levels of
protection required [25].

The other policy recommendation is to foster partnerships for increasing the exchange of knowledge
and the interaction between government institutions and other organizations of the private sector. These
can assist in defining best practices and supply the knowledge and support that organization needs to
properly adopt modernization in their IT departments [30].

5. Future Trends

Challenges in IT infrastructure and cloud computing have identified quite useful possibilities and
new tendencies are also to amplify operational efficiency, security, and sustainability of the processes. One
of them is the multi-cloud and hybrid approach which implies the usage of both the public and private
clouds to address certain requirements. This approach is more flexible since organizations have the ability
to get the most out of different kinds of clouds depending on the kind of workload [40].

Artificial Intelligence (Al) and Machine Learning (ML) are also progressively getting incorporated in
the contemporary IT systems environment. They may help increase the level of cybersecurity by featuring
superior threat recognition and immediate reaction features. Besides, Al and ML can be useful in managing
resources in the data centers and enhancing the consumption of energy, thus minimizing the destructive
imprint on the environment [48].

The increased interest in scheme edge computing that ensues the processing of the data as close to
the place of generation as possible rather than requiring the data to travel to the data center. The use of
edge computing decreases the response time, increases the real-time processing, and optimizes the high-
impact applications where a quick response is essential, for instance, self-driving cars and IoT, among
others [17].

To overcome the tasks concerned with cloud migration, to coordinate government policies to the
development of the IT infrastructure and to start utilizing such trends as are discussed above the
importance of pre-seeing modern tendencies. Thus, there are improvements in the organizational
cybersecurity, productivity, and environmental responsibility, leading to the attainment of sustainable
prospects within the known digital environment.

6. Conclusion

The modernization of IT infrastructure is considered to be greatly beneficial and significant on the
national level. Implementing higher layers of security like encryption, two factor authentication, and deep
learning-based threat identification vastly reduces the threats and makes data more secure strong.
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Scalability and resource optimization solutions tend to be integrated into operational organizations, which
significantly decreases downtime and improves functionality for people, thus enhancing automated tool
efficiency and cost-effectiveness. In addition, advantages exist in the field of environment by efficient data
centers, renewable power supply, and virtualization, which lead to major energy conservation and less
electronic scrap, lower carbon emission. Federal and state agencies should ensure that they upgrade their
outdated systems. Together with positive effects on cybersecurity and the functionality of the IT structure,
modernization serves the national interests, including environmental ones. To these ends, government
policies should include funding and encourage the cooperation of joint public-private partnerships that
promote knowledge dissemination. This way, the agencies will be able to achieve national goals and
objectives, guard precious information, as well as maintain effective and efficient operations in the 21st-
century world dominated by information technology.

Furthermore, the new, modern IT systems make it easier to scale up solutions accommodating larger
data volumes and additional users. It also asserts to the adoption of new technologies like Artificial
Intelligence and Machine Learning that can also improve decision-making and service provision. Any such
change should be underscored by training of personnel in management and use of the new technologies
to avoid poor implementation.

Procurement of new generation IT facilities is not simply a technological advancement but is a
strategic undertaking with paradigm focus on national security, economic, and ecological imperatives.
Thus, utilizing modern solutions for IT agencies, organizations can create a culture that supports constant
enhancement and develop mechanisms for rapid adjustment to the latest technologies and potential risks.
The improvement of IT architecture is essential to strengthen the national cyber security, to optimize
management processes and to apply environmentally friendly solutions. The formation of the secure,
resilient, and efficient digital environment involves the collective actions of the governments, private
companies, and other interested parties. In an era of constant innovation, organizations must continue to
adapt the design of IT structures in order to effectively support the needs of an always advancing world.
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