Tt
e

eecjournal

International Journal of Electrical, Electronics and Computers

Vol-10, Issue-6 | Nov-Dec, 2025
Available: https://aipublications.com/ijeec/
Peer-Reviewed Journal

Designing Sustainable and Cost-Optimized Cloud

Storage Models for Digital Transformation in
Developing Economies
Saad Ahmed

Sir Syed University of Engineering and Technology, Karachi, Pakistan
saad2912@yahoo.com

Received: 03 Nov 2025; Accepted: 08 Dec 2025; Date of Publication: 14 Dec 2025

©2025 The Author(s). Published by Infogain Publication. This is an open-access article under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).

Abstract

In recent years, cloud computing has evolved from a novel technology into a cornerstone of digital
transformation across diverse sectors, including government, business, education, and healthcare. For
developing economies, cloud storage offers scalable, flexible, and cost-effective IT infrastructure without
the ne ed for significant upfront investment in physical data centers. However, realizing these benefits in
a sustainable and economically viable way requires careful design of cloud storage models that account
for local infrastructure, technical capacity, regulatory frameworks, and energy availability. This study
employed a mixed-methods approach combining qualitative interviews with cloud experts and ICT
managers and quantitative simulations using CloudSim, iCanCloud, and GreenCloud. Key challenges
identified include economic constraints, technical limitations, environmental sustainability, and
governance gaps. Simulation results reveal that an optimized hybrid cloud model leveraging tiered
storage, edge computing, and renewable energy significantly outperforms traditional on-premises and
centralized cloud systems. The model achieved cost reductions of 28-41%, latency reductions of up to
58%, energy savings of 22-35%, and a 35% reduction in carbon footprint, while maintaining system
availability above 99%. These findings underscore the potential of intelligent, hybrid cloud storage
strategies to accelerate digital transformation in developing economies while balancing cost,
performance, and environmental sustainability.

Keywords— Hybrid Cloud Storage, Digital Transformation, Energy-Efficient Cloud Computing,
CloudSim-Based Simulation, Sustainable IT Infrastructure

I. INTRODUCTION

cost-optimized and environmentally sustainable

In recent years, cloud computing has shifted from being
a novel technology to a foundational infrastructure
underpinning digital transformation across sectors —
from government to business, education to health. For
developing economies, in particular, the promise of
cloud storage lies in its ability to deliver scalable,
flexible, and cost-effective IT infrastructure without
requiring large upfront investments in physical data
centers. Yet, realizing this promise in a way that is both
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demands careful design of cloud storage models —
especially given constraints in infrastructure, technical
capacity, regulatory environments, and energy
availability prevalent in many low- and middle-income
countries.[1]. Digital transformation isn’t just a
buzzword anymore—it’'s what's pushing economies
forward, especially as cloud computing steps up as a
game-changer. For public services trying to modernize
or businesses looking to stay competitive, the cloud
opens up new ways to work smarter and reach more
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people. But when you look at developing countries, the
picture gets a little more complicated. Rolling out cloud
storage there isn't as simple as flipping a switch. They
have to figure out how to do it without breaking the bank
or harming the environment. The hurdles are real
Money’s tight, internet connections can be spotty, and
there aren’t always enough skilled people to keep things
running smoothly. [2]. Add to that growing worries
about climate impact, and you see why picking the right
cloud storage setup isn’t just a technical choice—it’s a
big strategic move. Still, the upside is hard to ignore.
Cloud storage lets organizations stash, manage, and grab
data online, usually with flexible pricing and better
accessibility than old-school servers. Mell and Grance
talked about this back in 2011: the cloud lets you skip
the huge up-front costs of buying and maintaining your
own gear, which is a lifesaver for places that just don’t
have that kind of cash. More recent research backs this
up—small and medium businesses in developing
countries save money and get access to technology that
used to be out of reach, as long as they plan their cloud
use carefully. [3]. Getting the most out of cloud storage,
though, means the technology has to fit local realities.
One of the biggest headaches is figuring out how to
handle growing piles of data without letting costs spiral
or wasting resources. UNCTAD’s 2022 report spells it
out: lots of these regions struggle with unreliable
internet, shaky electricity grids, weak cybersecurity, and
patchy rules about how to use digital tools. If
organizations jump in without a plan, they risk getting
hit by surprise costs—think high data-transfer fees,
wasted resources, or getting stuck with a single vendor’s
system. Poorly managed data can also mean wasted
money and energy. There’s another issue that won't go
away: the environment. The world’s hunger for cloud
storage means data centers are popping up everywhere,
sucking up power and pumping out emissions.
Researchers like Beloglazov and his team have pushed
for “green cloud computing”—things like managing
workloads more efficiently, using renewable energy, and
making sure data centers stay cool without wasting
electricity. [4]. For countries where energy is expensive
or in short supply, building storage systems that don't
guzzle power is absolutely critical. So, how do you keep
costs down and stay green? The answer is in smart
strategies like tiered storage. In simple terms, you keep
the stuff you use all the time (“hot data”) on fast, but
pricier, systems, and shift rarely used files (“cold data”)
to cheaper storage. Zhang and colleagues showed in
2010 that this approach slashes operational costs
without slowing things down. Then there’s storage
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virtualization and containerization—they let lots of
users or apps share the same hardware, which means
better use of resources and less wasted energy. [5]. For
organizations trying to stretch every dollar and avoid
fragile, expensive physical servers, these tools are a big
deal. But technology alone doesn’t solve everything.
Countries need strong policies, clear rules for data
protection, and support for digital innovation. As data
laws keep evolving, governments have to make sure
cloud storage meets local requirements for privacy and
security. Weak regulations can make institutions
nervous about trusting the cloud, which slows
everything down, as Makena pointed outin 2021. So, the
right storage system isn’t just about tech specs—it needs
to fit with national digital plans, energy goals, and
training programs. All in all, building cloud storage that’s
affordable, reliable, and sustainable is key for
developing countries chasing digital progress. It takes a
mix of smart resource management, eco-friendly
practices, flexible storage solutions, and strong policies.
With the right approach, these countries can get past the
usual roadblocks and unlock real growth through cloud
technology. [6].

1.1 Background of Digital Transformation in
Developing Economies

Digital transformation is reshaping how societies grow
in the 21st century. It's not just a buzzword—
governments, businesses, and communities are using
digital tools to work faster, get more transparent, and
offer better services. In countries still developing, this
shift has picked up speed. Globalization, more people
using mobile phones, and cheaper cloud tech are all
pushing things forward. The World Bank says digital
tools help fight poverty, boost productivity, and fill in the
gaps where traditional infrastructure falls short. Just
look at Africa and South Asia: with mobile internet
taking off, whole new markets are opening up for online
shopping, digital health, finance, and e-government. But
let’s be real—not everyone’s moving at the same pace.
[7]. Big barriers still get in the way: spotty broadband,
weak tech infrastructure, not enough people with the
right digital skills, and high costs to get started. UNCTAD
points out that a lot of poorer countries simply don't
have reliable digital infrastructure or the support they
need to weave these tools into bigger development
plans. Add in shaky cybersecurity, patchy data-
protection laws, and institutions that can’t keep up, and
you end up with a real digital divide—between cities and
rural areas, and between rich and poor nations. Even so,
cloud computing, especially cloud storage, has become a
game-changer. It cuts out the need for pricey hardware
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and lets organizations pay only for what they use.[8].
Marston and his team put it simply: cloud tech helps
groups move from expensive, clunky IT setups to flexible
ones that fit their needs and budgets. For governments
and small businesses, that’s huge. It means better data
management, smoother services, and more room to
grow—all without breaking the bank. Still, just having
access to cloud storage isn’t enough. Bigger challenges
loom—unreliable electricity, not enough people who
really get the tech, cybersecurity threats, and outdated
or missing rules. The ITU says these issues shape how
fastand how well digital transformation happens. So, it’s
not just about having the right tools. Developing
economies need digital systems that actually work for
them—systems that are affordable, sustainable, and
don’t trash the environment. [9].

1.2 The Role of Cloud Storage in Modern Computing
Ecosystems

Cloud storage sits right at the heart of today’s digital
world. It lets people, companies, and even governments
stash, manage, and grab their data from anywhere—no
need for all those bulky servers sitting in a back room.
As the push for digital everything speeds up, cloud
storage steps up too. It's not just about having more
space; it’s about being able to scale up or down on the
fly, save money, and stay flexible when data is piling up
faster than ever. Mell and Grance (2011) put it simply:
cloud systems pool resources, offer instant access, and
drive the kind of speed and power that modern apps—
think Al, analytics, or loT—need to actually work. What
really sets cloud storage apart is its elastic scalability.
You can grow or shrink your storage as you go, without
guessing how much server space you’ll need months in
advance. No more overspending on hardware that sits
idle, either. [10]. Marston and his team (2011) point out
that cloud storage turns big, upfront costs into
manageable, ongoing ones. That's huge for any business,
public agency, or school trying to stretch every dollar. In
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fields like healthcare, finance, education, and
government, this shift means you use resources better
and bounce back faster if something goes wrong. Cloud
storage also changes the game for teams spread out
across cities, countries, or even continents. As long as
there’s Internet, anyone can get to their files, work
together, and keep things moving. This became obvious
during the COVID-19 pandemic, when everyone
suddenly depended on cloud services just to keep
working. [11]. And for places where building traditional
IT infrastructure isn't easy—or even possible—cloud
storage makes it possible to leapfrog those barriers
entirely. It's not just about convenience, either. Some of
the most demanding technologies around—big data,
machine learning, loT—need massive, fast storage.
Cloud providers deliver, offering different storage types
like object, block, or file storage, each tuned to different
needs. So, companies can run complex, high-powered
applications without worrying about whether their own
servers can handle it and note that cloud platforms pull
storage, compute, and networking into one seamless
environment, letting organizations build powerful data
pipelines that would be way too expensive or
complicated to run on their own. Of course, security and
reliability matter a lot, too. [12]. Today’s cloud systems
come with tough security layers, encrypted data, regular
backups, and data centers spread out around the world.
That means less risk from outages, hackers, or disasters.
Armbrust et al. (2010) stress that this setup seriously
boosts disaster recovery and helps businesses keep
running no matter what hits them. Cloud storage isn't
perfect, though. Issues like data sovereignty, privacy, and
getting locked in with one provider can’t be ignored—
especially in countries where laws are still catching up.
Still, all things considered, the benefits—saving money,
scaling up easily, working from anywhere, and tying into
the latest digital tools—make cloud storage a must-have
for anyone serious about digital transformation.[13].
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DESIGNING SUSTAINABLE AND COST-OPTIMIZED
CLOUD STORAGE MODELS FOR DIGITAL
TRANSFORMATION IN DEVELOPING ECONOMIES

COST SUSTAINABILITY

OPTIMIZATION

II. REVIEW OF LITERATURE
2.1 Relevant Research

Al is shaking up how companies use the cloud. Now,
businesses can actually manage costs and resources
much smarter, getting more out of every dollar they
spend. With tools like predictive analytics, automated
workload  balancing, and dynamic resource
provisioning, teams don’t just guess what they’ll need—
they know. This means less money wasted and better
performance, all at once. Machine learning takes it even
further. It helps companies forecast costs, spot weird
spikes, and automatically scale resources up or down.
No more scrambling to figure out why the bill exploded
or why servers are sitting idle. Instead, businesses keep
a closer eye on spending and stay ahead of problems
before they get expensive. There’s more to it, too. Al-
driven cloud management tightens up security, helps
companies stay compliant, and makes fast decisions
across complicated cloud setups—think multi-cloud or
hybrid environments. Of course, it's not all smooth
sailing. Companies still have to wrestle with issues like
data governance, figuring out how Al models make
decisions, and balancing powerful tech with keeping
costs in check. This studied shows the digs into how Al
is changing the game for cloud cost optimization,
smarter resource allocation, and what’s next for self-

optimizing cloud systems. [14].
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Cloud computing isn’t just a buzzword anymore—it’s
woven right into how small and mid-sized organizations
get things done. It's great for keeping costs down and
scaling up fast, but honestly, managing those costs can
get tricky. This study digs deep into cost optimization in
cloud infrastructure, with small and medium-sized
businesses in mind. It lays out a resource optimization
framework that doesn’t just look at one piece of the
puzzle. Instead, it covers compute, storage, and network
together, so companies can manage their cloud costs in
a smarter, more connected way. To show how this works
in real life, the study looks at two companies from totally
different fields. The first is a small e-commerce startup.
By using predictive analytics, storage tiering, and CDN
integration, they managed to cut their cloud costs by
30%—and they actually boosted performance at the
same time. The second case follows a healthcare
provider. They cut their costs by 25%, kept everything
HIPAA-compliant, and made much better use of their
resources. The results section spells out exactly how
much money and efficiency these companies gained, and
it stacks multidimensional optimization up against the
old one-dimensional methods. In the end, the paper
offers practical takeaways, advice for both organizations
and cloud service providers, and tips on how to keep
cost strategies sharp as the cloud keeps evolving. [15].

Cloud storage has come a long way and it’s easy to see
why so many people use it now. You don’t have to worry
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about any of the hardware or maintenance—just upload
your files, and you're good. But here’s the catch: all that
data adds up, and the costs can get pretty steep. It’s no
surprise that users want to find smarter ways to cut
down on those bills. In this article, we take a closer look
at the whole cloud storage experience from the user’s
side. We dig into what drives people to optimize costs,
the hurdles they run into, and where the real
opportunities are hiding. After that, we break down the
latest approaches: making storage more efficient, using
cloud service features to your advantage, and even
tapping into new ideas like edge storage. We wrap up
with a look at where cost optimization is headed next
and share our main takeaways. If you want to get up to
speed on the best ways to save money with cloud
storage, you'll find a lot here. This article brings together
the latest research and practical tips, making it a solid
resource for anyone looking to get more value out of
cloud storage. [16]

Cloud service providers give application developers
access to almost unlimited storage and computing
power, all while promising lower costs and a range of
other perks under the storage-as-a-service (StaaS)
model. Plenty of organizations now mix and match—
using several public or private cloud providers at once.
This approach helps them dodge vendor lock-in, keep
systems running smoothly, boost performance, and save
money where they can. And let’s be honest, cost always
matters when businesses move to cloud storage. But
cloud providers don’t make it easy—pricing models get
complicated fast, covering not just the actual storage but
also things like network usage and extra services. Along
the way, we look at the latest research on how to pick a
cloud storage provider and how to keep costs under
control. Our goal is simple: give decision-makers and
researchers a sharper, more practical understanding of
what actually drives cloud storage costs, and help them
navigate this tricky landscape. [17].

2.2 Why It Matters for Developing Economies

Cloud storage is changing the game for developing
economies. It’s not just some tech buzzword—it lets
businesses tap into powerful, flexible, and affordable
infrastructure without draining their budgets. For small
and medium enterprises (SMEs), this is huge. Instead of
sinking a ton of money into servers and IT hardware,
they can just use cloud services as they go. A recent
review found that about 82% of SMEs saw their
operations run smoother and 76% saved real money
after switching to the cloud. [18]. That's a big deal,
especially in places where most companies can’t afford
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fancy on-site equipment but still need to keep up in the
digital world. Pay-as-you-go cloud options let them scale
up or down easily, so they can grow without constantly
worrying about cash flow. It’s not just businesses, either.
Public sector schools,
hospitals—are making the most of cloud adoption too. A
lot of these organizations are stuck with old systems and
don’t have the funds for major IT upgrades. Studies on
“cloud computing for development” point out that cloud
platforms help governments roll out better online
services, make data more accessible, and serve citizens
faster—all without building expensive new data centers.
That’s a real boost for the Global South, helping close
information gaps and push economic growth. [19].

groups—governments,

A. Cutting Down Costs

Cloud storage slashes both upfront and ongoing IT costs.
Instead of big, risky investments, organizations pay for
just what they use—handy when budgets are tight and
cash flow is unpredictable. Research shows that moving
to the cloud means you need fewer physical servers, less
maintenance, and fewer hardware upgrades, so
companies can put their money where it matters most.
Cloud providers themselves run massive data centers
and spread costs across lots of customers, which means
they can deliver storage at a lower price than most
companies could manage on their own. Plus, shared
resources mean lower energy bills, better cooling, and
less electronic waste. Shared cloud setups use less
power and cut down on hardware compared to everyone
running their own servers. For areas where energy is
expensive or unreliable, this isn’t just cost-effective—it’s
essential. [20].

B. Going Green with the Cloud

Sustainability is another big reason to go cloud. Data
centers burn through a ton of electricity and add to
global emission. That’s why there’s growing interest in
“green cloud computing”—using renewable energy,
smart scheduling, and better resource management to
shrink the environmental footprint. These moves help
cut down on wasted power while keeping everything
running smoothly. Recent studies show that smart cloud
strategies—like virtualization and energy-aware
routing—can seriously lower energy use worldwide. For
developing economies, where energy shortages and
environmental challenges are an everyday reality,
adopting sustainable cloud models helps balance tech
growth with caring for the planet. So, cloud storage isn’t
just about keeping up—it’s a way forward that’s both
modern and mindful of long-term sustainability. [21]
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IIlI. METHODOLOGY
3.1 Research Design

This study takes a mixed-methods approach, blending
hard numbers with expert opinions. We're not just
crunching data—we’re also talking to cloud specialists,
ICT managers, and policy folks. You need both sides to
really understand what makes a solid, affordable cloud
storage setup for developing economies. It's not just
about measuring things like cost, energy use, or
scalability. You also have to get a feel for the rules, the
tech limits, and the economic realities on the ground.

Here's how we tackle it: first, we dive into qualitative
research. We listen to people who actually deal with
these challenges, so we can pin down what really
matters for cloud adoption where resources are tight.
Once we know the main issues, we move on to the
numbers—running models and simulations to see how
the proposed storage solutions hold up. This way, we
don’t just guess; we test to see what actually works.

3.2 Study Framework

We break the study into three main phases to build a
cloud storage model that’s both sustainable and
affordable.

First up: the qualitative phase. We want to know what'’s
holding people back and what they really need. So we
interview cloud architects, IT managers at smaller
businesses, government officials pushing digital change,
and folks from telecom and cloud service providers. We
also dig into national policies, cloud adoption guides,
and green-ICT standards. By the end, we’ve mapped out
the big issues—money, tech, environment, and
governance—that shape how cloud storage gets
designed.

Next comes the number-crunching. We use simulation
tools like CloudSim, iCanCloud, and GreenCloud to test
different cloud storage setups. We compare costs (CapEx
vs. OpEx), energy use, network delays, resource use,
carbon footprint, and system uptime. We throw all sorts
of workloads at them—big data, transactions, live
streams. Costing is based on real frameworks like pay-
as-you-go, tiered storage, and total cost of ownership.
For sustainability, we stick to international benchmarks
like ITU-T L.1300 and ISO 14001. This phase gives us a
clear picture of which setups strike the best balance
between cost, efficiency, and sustainability.

The last phase is all about building and testing the
model. We take what we learned from simulations and
piece together an optimized storage approach. This
includes energy-smart storage allocation, smart data-
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tiering (hot, warm, cold), using renewables in data
centers, and integrating edge-cloud to ease bandwidth
strain. We also build in multi-cloud redundancy to keep
things resilient and cut downtime. Then, experts and ICT
managers take a look, and we compare our model to the
usual suspects—on-premises and plain old centralized
cloud setups. In the end, we come up with a cloud
storage model that really fits the budget and
sustainability needs of developing economies.

3.3 Sampling Strategy

We're picky about who we talk to—choosing 15 to 25
people for interviews, all with real experience in cloud
computing, digital policy, or digital transformation. For
the simulations, we use actual workload traces from
small businesses, public data repositories, and open
cloud datasets from places like Google Cloud and
Microsoft Azure.

3.4 Data Collection Methods

We gather data in a few ways: interviews, document
reviews, and simulation results. The interviews are
semi-structured, done in person or over Zoom, and we
record and transcribe everything for analysis. Our
document review zeroes in on digital transformation
projects, cloud strategies, and ICT guidelines that matter
for developing economies. For the quantitative side, we
pull metrics like energy use, latency, and cost straight
from the simulation tools’ logs.

3.5 Data Analysis Techniques

Qualitative data is analyzed using thematic analysis,
following the framework of Braun and Clarke (2006), to
identify recurring themes and insights related to cloud
storage challenges and opportunities. Quantitative data
is processed using descriptive statistics to summarize
cost, performance, and energy metrics, followed by
comparative analysis to evaluate differences across
cloud storage models. Graphical representations and
visual analyses are conducted using tools such as
MATLAB, Excel, or Python to illustrate trends and
support interpretation of results.

IV. RESULTS

This chapter presents the findings derived from both
qualitative and quantitative components of the mixed-
methods approach. The results are organized into three
key sections: insights from qualitative interviews,
outcomes from simulation-based quantitative analysis,
and validation results of the final optimized cloud
storage model. Together, these findings reveal the
practical, economic, and environmental considerations
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that shape the development of a sustainable and cost-
optimized cloud storage framework for developing
economies. This study combined qualitative insights and
quantitative simulations to evaluate cloud storage
models that balance cost, sustainability, and
performance for developing economies. The results are
presented in three major parts:

(1) findings from interviews,
(2) simulation-based performance comparison

(3) evaluation of the final optimized cloud storage
model.

4.1 Qualitative Findings

During interviews with cloud architects, ICT managers,
government digitalization officials, and telecom
specialists, four big themes kept coming up: money, tech

Designing Sustainable and Cost-Optimized Cloud Storage Models for Digital Transformation in

limitations, environmental sustainability, and
governance headaches. People talked a lot about the
high upfront costs for infrastructure, shaky electricity
supply, not enough data center capacity, and regulations
that just aren’t enforced consistently. For small and
medium businesses, saving on operating costs was the
main reason to move to the cloud. Policymakers,
meanwhile, kept pointing to the need for greener,
energy-efficient infrastructure that actually meets ICT
sustainability standards. Most experts pushed for hybrid
and decentralized setups, with local edge infrastructure
to cut down latency and avoid relying so much on
bandwidth. A lot of them also liked the idea of using
multiple cloud providers to lower downtime risks and
avoid getting stuck with one vendor. These insights
directly shaped the way the simulations and models
were built.

Table 1: Summary of Key Qualitative Themes Identified in Interviews

Theme Description Stakeholder
Concern Level
Economic Constraints High CapEx, affordability issues for SMEs, need for Very High
OpEx-friendly models
Technical Limitations Limited data center capacity, weak connectivity, High
outdated hardware
Environmental Energy waste, high carbon footprint, lack of renewable Medium
Sustainability integration
Governance & Policy Fragmented digital policies, weak cloud standards, High
limited data protection enforcement
2 Stakeholder Concern Levels Across Themes
Pl
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4.2 Simulation Results

The team used CloudSim, iCanCloud, and GreenCloud to
compare three storage approaches: traditional on-
premises, centralized public cloud, and the new
optimized model from this study. They looked at things
like total cost of ownership, energy use, average latency,
carbon emissions, and system uptime. No matter the
workload—whether it was transactional data, big data,
or streaming—the optimized model came out on top.
Costs dropped by 28-41% thanks to tiered storage,
smarter scheduling, and linking up edge and cloud

Designing Sustainable and Cost-Optimized Cloud Storage Models for Digital Transformation in

pathways. Energy use went down by 22%, mostly
because of renewables and dynamic resource allocation.
Latency saw a huge improvement, up to 48% better in
remote or bandwidth-limited areas, because of edge
caching. System uptime hit 99.3% with multi-cloud
redundancy in place. The optimized model also cut
carbon emissions by 35%, lining up with standards like
ITU-T L.1300 and ISO-14001. Altogether, these results
show that hybrid, intelligent storage setups give
developing economies the best mix of affordability,
reliability, and environmental responsibility.

Table 2: Simulation Comparison of Cloud Storage Models

Metric On-Premises Centralized Cloud | Optimized Hybrid Model
Total Cost of Ownership High Medium Low
Average Latency High (120-150 ms) | Medium (70-90 ms) Low (40-60 ms)
Energy Consumption High Medium Low
Carbon Footprint High Medium Low
System Uptime 96.5% 98.7% 99.3%
Performance Comparison Across Deployment Models
war On-Fremises
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4.3 Model Validation and Expert Evaluation

Atthe end, ICT experts took a close look at the optimized
model. They agreed it tackles the core challenges
developing economies face. The big wins, they said, are
scalability, flexible costs, and a shift toward distributed

computing instead of relying on big, central data centers.
Compared to what’s out there now, experts said this
model speeds up digital transformation by making cloud
storage more reliable and affordable for public agencies,
businesses, and rural projects.

Table 3: Performance Gains Achieved by the Optimized Model

Performance % Improvement Compared to On- % Improvement Compared to Centralized
Indicator Premises Cloud
Cost Reduction 41% 28%
Latency Reduction 58% 33%
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Energy Efficiency 35% 22%
Carbon Footprint 45% 35%
Availability +2.8% +0.6%
Performance Improvements of Optimized Cloud Storage Model
B0 Improvement vs On-Premises
Improvement vs Centralized Cloud
S50
40

% Improvement
w
[=]

)
=]
T

e
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Performance Indicator

V. CONCLUSION AND RECOMANDATION
Conclusion

This study demonstrates that cloud storage is not merely
a technological convenience but a strategic enabler for
digital
Traditional on-premises systems and centralized cloud

transformation in developing economies.
models fail to fully address the constraints of cost,
infrastructure, and energy efficiency faced by these
regions. The optimized hybrid cloud model developed in
this research offers a viable solution, delivering
significant improvements in cost efficiency, latency,
energy consumption, carbon footprint, and system
availability.  Qualitative  insights  highlight the
importance of aligning technological solutions with local
capacity,
and evolving governance

realities, including limited data center
connectivity,
frameworks. Overall, the study confirms that combining
intelligent resource  management, eco-friendly
practices, and flexible architectures

substantially modern IT

unreliable

cloud can

enhance access to
infrastructure, thereby supporting economic growth,
public service delivery, and sustainable development in

resource-constrained environments.
Recommendations

1. Adopt Hybrid and Tiered Cloud Storage
Models:  Organizations in  developing
economies should prioritize hybrid cloud
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architectures that integrate edge computing
and tiered storage strategies to balance
performance, cost, and energy efficiency.

Implement Green Cloud Practices: Energy-
aware resource allocation, virtualization, and
should be
standard practices to minimize environmental

renewable energy integration

impact and operational costs.

Strengthen Policy and Governance:
Governments must develop clear regulations on
data protection, cybersecurity,
standards to foster trust and encourage cloud
adoption while aligning with national digital
strategies.

and cloud

Invest in Capacity Building: Training
programs and skill development initiatives for
ICT personnel are essential to ensure effective
cloud management, particularly in regions with

limited technical expertise.

Leverage Multi-Cloud Approaches: Using
multiple cloud providers and decentralized
data centers can reduce dependency on a single
vendor, enhance system reliability, and mitigate
risks associated with outages or connectivity
issues.
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