
Cost-Effectiveness Analysis of IoT Deployment in 
5G Networks 

 

Mustafa Mohammmed Jassim 
Alnoor University 

Nineveh, Iraq 
mustafa30@alnoor.edu.iq  

 

Marwa Mohammed Mosa 
Al Mansour University College 

Baghdad, Iraq 
marwah.mosa.extmie@muc.edu.iq  

 

Zainab Azeez Ibrahibym Okbi 
Al Hikma University College 

Baghdad, Iraq 
zainab.aziz@hiuc.edu.iq 

Salima Baji Abdullah 
Al-Rafidain University College 

Baghdad, Iraq 
saleema.baji.elc@ruc.edu.iq  

 

Sarmad Waleed Taha 
Al-Turath University 

Baghdad, Iraq 
sarmad.waleed@turath.edu.iq 

 
Piotr Migo 

Uniwersytet Komisji Edukacji Narodowej w Krakowie 
Kraków, Poland 

piotr.migo@up.krakow.pl  
 

Svitlana Kondakova 
Kyiv National University of Construction and Architecture 

Kyiv, Ukraine 
kondakova.sv@knuba.edu.ua 

Abstract—Background: Integration of the Internet of Things 
(IoT) with 5G networks is a technological advance that plays 
significant roles in different sectors. The integration of data 
management and the Internet of Things will bring in advanced 
features, but for which collaboration among other elements is 
mandatory. 

Objective: The study aims to address the technical and 
economic aspects of enabling IoT devices in 5G infrastructure. It 
attempts to enlighten stakeholders about the financial effects, thus 
making a satisfactory proportion between expenses and expected 
benefits. 

Methodology: The article explores, in detail how much we need 
to ask for, as an investment for making the infrastructure 5G 
ready and then follows with an analysis of the operational costs 
that would bite us if the IoT is to be deployed. It then pits those 
investments against the potential efficiencies from faster 
transaction times, lower latency, and a more stable network. An 
economic feasibility study is conducted by cost-benefit analysis to 
explore the potential of the 5G-IoT ecosystem business in different 
scales and application scenarios. 

Results: The results show that although high budgetary 
allocations were made in diverting 5G, eventual savings of huge 
amounts will be incurred in the integration of this facility. Those 
savings would come from better energy efficiency, reduced 
maintenance costs, and the capacity to support more IoT devices. 
Both the deployment scale, specialized application, and policy 
framework are identified as significant co-benefits in the cost-
effectiveness ratios. 

Conclusion: The article provides an action item document for 
businesses thinking of incorporating IoT solutions into 5G 
networks and highlights their game-changing potential. The 
importance of strategic investment in this technology is 
highlighted, as well as the necessity to have a better understanding 
of the economic and operational ramifications involved in IoT-5G 
convergence when deciding. 

KEYWORDS: 5G Networks, Internet of Things (IoT), Cost-
Efficiency Analysis, Deployment, Network Infrastructure, Data 
Transmission Rates, Latency, Operational Expenses, Regulatory 
Environment, Use-Case Specificity. 

I. INTRODUCTION 

The 5G era is changing the wireless communications 
landscape. 5G networks have been designed to be the next step 
in providing connectivity that is significantly faster than 
previous generations, and incredibly low latency networks that 
will underpin future digital transformation. Simultaneously, the 
Internet of Things (IoT), is growing at a rate that will have a 
significant impact on many sectors with networked devices 
proliferating in healthcare manufacturing transportation 
agriculture, and other major industries. The concerted 
partnership of 5G networks with IoT applications has great 
prospects for transforming businesses responsive to automation 
and data exchange. Considering this path-breaking potential, 
industry players as well as the government must comprehend the 
economic perils and rewards when marrying IoT into the 5G 
ecosystem [1]. 

As the power of IoT continues to grow in both consumer and 
industrial applications, we are no longer asking if it will be done 
but when and how. IoT when equipped with 5G Networks 
amends the increased data throughput, low-latency 
communication, and better-relied network performance. All of 
these advancements are what enable use cases spanning real-
time analytics and remote monitoring to autonomous vehicles 
and smart cities. However, this integration leads to monetary 
aspects, return on investment (ROI), and sustainability. This 
focus highlights the emerging technology environment as 
organizations begin to look at leveraging it, making this cost-
efficiency picture more critica [2]. 

Cost factors are usually the biggest hindrance to  
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implementing a new technology. It sounds like paranoia, as it is 
free to install new technology that costs a lot of money in the 
first place for network infrastructure. This could encompass 
refurbishing existing hardware, setting up new base stations, and 
ensuring IoT device compatibility across networks. Anyone 
operational expenditure, including maintenance, owning power 
utilization, and network management are also driving factors in 
costs [3]. With such expenditures, it is no wonder that many of 
the companies asking themselves whether IoT deployment in 5G 
networks remains a financially sustainable investment for 
businesses and regulators. 

The lure of increased operational efficiency and new 
business models is strong, but so are the capital costs associated 
with deploying them at scale. Deployment size, unique use-case 
situation, and the larger regulatory environment can all change 
this balance or imbalance. The elements and their role to support 
or deter the economic business case of implementing IoT with 
5G networks [4]. It is an essential shift from LTE to 5G, which 
offers so many benefits in speed and latency along with the 
setting up of new standards on network architecture which are 
required for massive growth on the Internet of Things. This 
evolution is also key to enabling the advanced capabilities 
required by a broad range of IoT applications, enhancing device-
to-device communication and providing greater efficiency in 5G 
networks [5]. 

Cost-cutting is not just a business matter; it has extended 
cross-pollination effects too. Thus, efficient IoT 
implementations in 5G can translate into benefits like reduced 
energy utilization, waste, and eco-friendly operation. This is a 
particularly important issue in a society more and more 
preoccupied with understanding climate change and 
environmental sustainability [6]. Therefore, economic and social 
factors need to be considered taking a multi-monstrous approach 
when considering examples of cost-effectiveness. 

This article attempts to cover a detailed cost-effectiveness 
analysis of setting up IoT within the mic in a 5G environment. 
This study contrasts the pure technical potential of technological 
convergence with an analysis of costs and benefits. It also 
examines different scenarios, from varying deployment sizes to 
contrasting use cases, and how regulatory issues might help or 
hinder  [7]. 

Serving as a primer, this article presents a systematic strategy 
to evaluate the economic sustainability of IoT-5G integration 
and help organizations and policymakers make data-driven 
decisions. 

A granular understanding of global economic impact as 
companies begin to lean on the strength of both IoT and 5G will 
play a major role in how it grows and changes the fabric of the 
future. In our coming article, we will draw on this history of 
happenings to offer fresh perspectives in the complex 
environment of cost-efficiency to set the stage for how best 
exploits and potential advantages of IoT integration with 5G 
should be leveraged amongst a multitude of industry sectors. 

A. Study Objective 

The article aims to provide insight into the cost-effectiveness 
of deploying the IoT within 5G Networks. Economic feasibility 
is becoming increasingly important as these technologies are 

deployed across industries, from smart cities and healthcare to 
agriculture and industrial automation. This article seeks to 
unwrap the intricate deployment landscape to comprehend initial 
capital expenditures, operating costs, and estimated ROI. 

This article uses a multidimensional approach; it considers 
both some technological and economic points to do so. From a 
technical perspective, we examine what it takes to deploy IoT 
devices in 5G networks, such as infrastructure updates and 
device support. In economics, the study looks at the short-term 
and long-term monetary benefits due to this technical synergy, 
giving a clear view of the pecuniary effects of this technological 
synergy. Additionally, we look at how aggregate cost efficiency 
changes with deployment size, specialized use cases, and 
regulatory regimes. 

This article also contributes important points that will make 
IoT-5G installations capable of economic sustainability or vice 
versa. Graining a deeper understanding of these nuanced topics 
is vital to industry participants and policymakers alike, be it the 
role of legislation in reducing barriers to entry imposed by the 
government or the relative influence of device density in driving 
network performance. 

The article also outlines a helpful framework for any 
organization looking to roll out IoT-5G. This method is designed 
to support decision-making by enabling organizations to assess 
whether the benefits of IoT-5G combinations outweigh their 
respective costs and risks. 

The idea is to offer prospective studies and recommendations 
for future investments in IoT-5G convergence. This article 
contributes to a more sustainable and economically attractive 
IoT and 5G future across sectors by performing an in-depth cost-
efficiency analysis when these technologies are integrated. 

B. Problem Statement 

As the adoption of 5G networks and IoT advances, 
organizations and governments are on the cusp of a new wave of 
digital transformation. This is where the excitement comes from: 
the potential of this integration is almost limitless, with 
improvements in latency and data transfer as well as operational 
efficiencies across industries. Simply put, the fear comes from 
not knowing how much other costs there are and whether people 
will ever be willing to pay for such a thing as a breakthrough 
technological idea. 

Leveraging IoT at any significant scale, especially in the 
context of 5G networks, is a tech challenge and sizable financial 
spend given the vast capital costs associated with retrofitting 
networks to be IoT-compatible, device readiness — both on 
civilization-as-we-know-it devices and next-generation 
industrial equipment, deployment complexity, and ongoing 
operational overheads. A giant question remains: what is the 
actual cost of one’s 5G-extended IoT play? Is the long-term 
value you gain still worth more than what you had to enter? How 
do variables such as deployment scale compromises for use-case 
specialization and regulatory overhead impact your bottom-line 
cost efficiency? 

Furthermore, the issue goes beyond individual organisations 
to industry-wide issues and perhaps social ramifications. For 
example, how will the expenses affect the overall adoption rate 
across sectors? Will economic barriers create a technology gap 
in which only major firms can afford to incorporate IoT into 5G 
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networks, leaving smaller organisations behind? What role will 
government policies and regulations play in either aiding or 
complicating the economic components of this integration? 

So far, there needs to be more comprehensive research that 
investigates these economic factors in detail, considering both 
immediate expenses and long-term value creation. Such a 
knowledge gap impedes informed decision-making for 
stakeholders and policymakers, who are critical to pushing the 
adoption of new technologies. 

The fundamental problem statement of this study is 
addressing these issues and uncertainties. We aim to deconstruct, 
analyse, and offer clarity on the cost-efficiency consequences of 
integrating IoT into 5G networks, assisting stakeholders in 
making educated, economically smart choices. 

II. LITERATURE REVIEW 

The growing interest in integrating 5G networks with the 
Internet of Things (IoT) has resulted in a large body of literature 
focusing mostly on the technical advantages of such integration. 
Several studies have examined how 5G might improve IoT 
capabilities, notably in low-latency communication, data speed, 
and network dependability [8]. There has been much debate on 
the design of 5G networks and how they may be optimised to 
meet the special needs of IoT devices, such as bandwidth, 
security, and scalability. 

While the technical literature gives vital insights into the 
possibilities and limits of IoT in a 5G setting, there needs to be 
more in studying the economic elements. Much of the present 
research focuses on the promise and potential for operational 
efficiency and new business models. However, there needs to be 
more information on the costs of realizing this potential. Topics 
such as initial capital expenditure, operating expenses, and long-
term return on investment are less usually covered, resulting in 
a distorted view of the economic environment [9]. 

Another section of the literature discusses the ramifications 
of IoT and 5G for certain industries. These studies often 
concentrate on specific areas such as healthcare, agriculture, 
smart cities, or industrial automation. They often go into the 
technological needs and advantages unique to these areas but 
frequently need a full financial analysis. This sector-specific 

approach is crucial for understanding the spectrum of IoT and 
5G applications [10]. However, it must address the critical cross-
sector economic considerations for widespread adoption. 

A subgroup of the literature has also dug into legislative and 
regulatory implications, looking at how government actions 
might either accelerate or stymie the adoption of 5G and IoT 
technology. New debates are critical for understanding the 
macroenvironment in which new technologies will work. 
However, they often need to be more connected to the practical 
financial concerns of organisations contemplating such 
deployments [11]. 

Furthermore, several research have begun to investigate the 
social and environmental consequences of extensive IoT and 5G 
implementation. These studies often emphasise the potential for 
these technologies to help with more sustainable operations and 
lower energy use [12]. Such debates, however, are often 
speculative and fail to link these prospective social advantages 
with an economic analysis that would support their financial 
sustainability. 

Even though the literature review provides a good foundation 
to understand the technological and sector-specific potential of 
combining IoT on 5G networks, further detailed cost-efficiency 
analysis will be needed. In an attempt to fill that gap, this 
research provides a holistic view considering technical and 
economic aspects, scale, use-case uniqueness, as well as 
regulatory environment concerns of the cost-effectiveness 
implications of IoT-5G integration. 

III. METHODOLOGY 

A well-structured methodology is now in place to address 
different features of the cost-efficiency paradigm related to 
deploying IoT over 5G networks. This style of investigation 
blends qualitative as well as quantitative analytics, which gives 
a more complete and multi-faceted picture of the phenomena. 
The next subsections explain (1) the methodological elements 
like data gathering techniques, sampling strategies, and 
analytical ways (2) in what context will the qualitative study be 
conducted, and who are the target participants, as shown in  
Fig. 1.

 

Fig. 1. Flowchart of the Study Methodology for Assessing the Cost-Effectiveness of IoT Deployment in 5G Networks

ISSN 2305-7254________________________________________PROCEEDING OF THE 36TH CONFERENCE OF FRUCT ASSOCIATION

---------------------------------------------------------------------------- 495 ----------------------------------------------------------------------------



A. Data Collection 

1) Primary Data Collection 

A comprehensive compilation of primary data was 
conducted to facilitate this investigation. A poll was undertaken 
among a representative sample of 500 prominent professionals 
in healthcare, urban infrastructure, agricultural technology, and 
industrial automation. The survey included a combination of 
both open-ended and structured inquiries. Extensive thought 
and consideration were given throughout the development of 
these surveys to ensure their ability to provide reliable data on 
investment patterns, operational challenges, and long-term 
strategies for integrating IoT with 5G networks [13]. 

In conjuXnction with the quantitative analysis, 40 
comprehensive, semi-structured interviews were conducted 
with a varied cohort of industry executives, subject-matter 
specialists, and political figures. These interviews aimed to get 
qualitative insights into the complex elements of cost structures, 
dynamics of return on investment (ROI), and regulatory  
settings [14].  

2) Secondary Data Collection 

In confluence with our primary data sources, we conducted 
an extensive historical investigation, analyzing more than 150 
financial reports, whitestudys, 100 scholarly publications, and 
30 detailed case studies about diverse organizations throughout 
the prior five-year timeframe (Table I). Analyzing industry 
trends and historical spending patterns may provide a 
comprehensive understanding of the integration of the Internet 
of Things (IoT) and 5G technologies [15]. Our study has 
significantly contributed to the existing body of knowledge by 
offering vital insights into the primary outcomes. 

TABLE I. SUMMARY OF DATA SOURCES 

Data Source Quantity Target Group/Scope Sector 
Structured 
Surveys 

500 
C-suite Executives, IT 

Managers 
Multiple 
Sectors 

In-depth 
Interviews 

40 
Industry Leaders, Experts, 

Policymakers 
Multiple 
Sectors 

Financial 
Reports 

150 
Public Financial 

Disclosures 
General 

Whitestudys 150 Industry Specific General 
Scholarly 
Articles 

100 Academic Research General 

Case Studies 30 Organizational Analysis General 

 

B. Sampling Methodology 

The study used a multi-stage stratified sampling process to 
achieve a comprehensive and unbiased sample encompassing 
various industries and organization sizes. The firms were 
categorized into three distinct groups according to their size: 
small, defined as having 50 workers or less; medium, including 
100 employees or less; and large, consisting of 50 employees or 
more (Table II). The category was meticulously devised to 
correspond with the vast array of applications for the Internet of 
Things (IoT) inside 5G networks. Stratified sampling 
effectively captures the underlying heterogeneity in  
cost structures and operational efficiency across diverse 
businesses [16], [17]. 

 

TABLE II. SAMPLING STRATEGY BREAKDOWN 

Company Size Number of Companies Employee Count Range 
Small 50 <50 

Medium 100 51-500 
Large 50 >500 

 

C. Data Analytics 

1) Quantitative Analysis 

We deployed an array of statistical techniques to analyze the 
survey data. Descriptive statistics were computed for key 
metrics such as CapEx, OpEx, and ROI (Table IV), employing 
formulas like 

 𝒙ഥ ൌ 𝟏

𝒏
∑ 𝑿𝒊

𝒏
𝒊ି𝟏                             (1) 

for mean, and 

 𝒔 ൌ ට 𝟏

𝒏ି𝟏
∑ ሺ𝒙𝒊 െ 𝒙ഥሻ𝟐𝒏

𝒊ି𝟏                      (2) 

for standard deviation [18]. 

Inferential statistics involved hypothesis testing using 
parametric (t-tests, ANOVA) and non-parametric tests (Chi-
square), formulated as 𝑯𝟎: 𝝁𝟏 ൌ 𝝁𝟐  and 𝑯𝟏: 𝝁𝟏 ് 𝝁𝟐 for t-
tests [19]. 

Multi-variate Analysis: We used multivariate analysis to 
understand how different factors, such as company size and 
sector, influence cost efficiency [20], represented by  

𝒀 ൌ 𝜷𝟎 ൅ 𝜷𝟏𝑿𝟏 ൅ 𝜷𝟐𝑿𝟐 ൅ ⋯ ൅ 𝜷𝒏𝑿𝒏 ൅ 𝝐          (3) 

TABLE III. DESCRIPTIVE AND INFERENTIAL STATISTICS 
OVERVIEW 

Statistic Description Complex Formula Used 

Mean (µ) 
Average of 
responses 𝜇 ൌ

1
𝑁

෍ 𝑋௜

ே

௜ୀଵ

 

Standard 
Deviation 

(σ) 

Variability in 
responses 𝜎 ൌ ඨ

∑ ሺ𝑋ଵ െ 𝜇ሻଶே
௜ୀଵ

𝑁
 

T-test 
Comparison 

of two means 

𝑡 ൌ
௑തభష௑തమ

ඨ
ೞ೛

మ

೙భ
ା

ೞ೛
మ

೙మ

, where  

𝑠௣
ଶ ൌ

ሺ𝑛ଵ െ 1ሻ𝑠ଵ
ଶ ൅ ሺ𝑛ଶ െ 1ሻ𝑠ଶ

ଶ

𝑛ଵ ൅ 𝑛ଶ െ 2
 

ANOVA 

Comparison 
of means 

across 
groups 

𝐹 ൌ
ெௌ್೐೟ೢ೐೐೙

ெௌೢ೔೟೓೔೙
 , where 

 𝑀𝑆௕௘௧௪௘௘௡ ൌ
∑ ௡೔ሺ௑തభି௑ሻమೖ

೔సభ

௞ିଵ
  

and 𝑀𝑆௪௜௧௛௜௡ ൌ
∑ ሺ௡೔ିଵሻ௦೔

మೖ
೔సభ

ேି௞
 

Chi-square 
(χ²) 

Test for 
independenc

e 
𝑥ଶ ൌ ෍

ሺ𝑂௜ െ 𝐸௜ሻଶ

𝐸௜
 

Pearson 
Correlatio

n (r) 

Measures the 
strength of a 

linear 
relationship 
between two 

variables 

𝑟

ൌ
𝑛ሺ∑ 𝑥𝑦ሻ െ ሺ∑ 𝑥ሻሺ∑ 𝑦ሻ

ඥሾ𝑛 ∑ 𝑥ଶ െ ሺ∑ 𝑥ሻଶሿ𝑠ඥሾ𝑛 ∑ 𝑦ଶ െ ሺ∑ 𝑦ሻଶሿ
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TABLE IV. REGRESSION MODEL OUTPUTS 

Model 
Dependent 
Variable 

Independent Variables 
R² 

Value 
Model 

1 
CapEx Sector, Company Size 0.75 

Model 
2 

OpEx 
Tech Adoption Rate, Market 

Trends 
0.65 

Model 
3 

ROI 
Regulatory Landscape, 

Market Trends 
0.80 

 

2) Qualitative Interpretation 

Theme Coding: Transcripts from in-depth interviews [21] were 
submitted to theme analysis to identify repeating patterns and 
anomalous insights connected to economic viability (Table V). 

TABLE V. THEMATIC CODING THEMES 

Theme Frequency Key Insights 
Economic Viability 25 Cost-benefit analysis of IoT 

Market Adaptation 30 
Adapting to market demands and 

trends 
Technological 

Challenges 
15 

Overcoming technical obstacles in 
IoT implementation 

 

SWOT Investigation: A Strengths, Weaknesses, 
Opportunities, and Threats (SWOT) framework was applied to 
the qualitative data to uncover possible strategic implications 
for stakeholders [22]. 

3) Triangulation 

Combining quantitative and qualitative findings using 
methodological triangulation to generate a comprehensive, 
multi-faceted picture of the cost-efficiency dynamics [23]. This 
procedure helped to cross-verify and confirm the article 
findings, ensuring the validity of the article's results. 

TABLE VI. TRIANGULATION SYNTHESIS 

Data Source Key Finding 
Consistency Across 

Sources 

Surveys 
High interest in IoT 

investment 
Yes 

Interviews 
Concerns over regulatory 

challenges 
Moderate 

Archival 
Research 

Historical growth in IoT 
expenditure 

Yes 

 

By adhering to this rigorous methodological approach, this 
article aims to close a knowledge gap by offering a complete, 
empirically supported examination of the economic issues 
inherent in the deployment of IoT within the design of 5G 
networks. 

IV. RESULTS 

This article's research yielded numerous critical 
conclusions, providing light on the delicate dynamics of cost-
efficiency while installing IoT in 5G networks. The findings are 
organised into theme groups using both quantitative and 
qualitative data. 

A. Capital Expenditures (CapEx) 

According to quantitative statistics, the first capital 
expenditures necessary for deploying IoT inside 5G networks 

may be large. Organisations across various industries reported 
an initial investment that was 20% to 30% greater than for 
traditional IoT implementations. However, this initial 
investment must be seen from the perspective of long-term 
operating savings. When questioned about these predicted 
savings, more than 65% of organisations expect to recoup their 
original expenditure within two to three years. 

Fig. 1 depicts the percentage augmentation in Capital 
Expenditures (CapEx) allocated for the implementation of 
Internet of Things (IoT) inside 5G networks across various 
industries throughout the years 2021, 2022, and 2023. The 
presented graphic elucidates the diverse magnitudes of 
investment necessitated in individual sectors, so offering a lucid 
depiction of the financial ramifications associated with the 
implementation of Internet of Things (IoT) in 5G settings. 

 

Fig. 2. Capital Expenditures Increase from 2021 to 2023 years in IoT-5G 
Deployment 

B. Operational Expenditures (OpEx) 

Contrary to original assumptions, operational expenses 
showed a decreasing trend after deployment. Within the first 
year, operating expenditures were reduced by around 15% in 
industries such as healthcare and smart cities. Energy usage was 
claimed to have decreased by roughly 20%, owing mostly to the 
effective resource allocation capabilities inherent in 5G 
technology. As shown in Fig. 2, Operational Expenditures 
(OpEx) have decreased across all industries when IoT was 
implemented in 5G networks. Understanding the economic 
benefits of integrating IoT into 5G technology is critical to the 
success of many industries, and this visualisation may help. 

 

Fig. 3. Operational Expenditures Decrease in IoT-5G Deployment (2021-2023 
years) 
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C. Return on Investment (ROI) 

The ROI produced a variety of outcomes across industries. 
For example, in industrial automation, the ROI was as high as 
40% in the first year, well above the industry norm. In contrast, 
the ROI in the healthcare industry was relatively modest at 
roughly 15% but considered significant when considering the 
frequently cautious nature of healthcare investments. The return 
on investment (ROI) achieved within the first year after the 
adoption of Internet of Things (IoT) on 5G networks is shown 
in Fig. 3, providing a detailed breakdown across several 
industries. This demonstrates the potential for significant 
financial gains and cost savings that may be achieved via the 
use of integrated technology across many industries. 

 

Fig. 4. Return on Investment in the First Year of IoT-5G Deployment for 2021-
2023 period 

D. Deployment Scale 

The magnitude of IoT-5G adoption emerged as a major 
element determining cost efficiency. Organisations that used 
IoT-5G solutions on a bigger scale reported a quicker cost 
recovery rate and a greater ROI. Those who used a more 
cautious, smaller-scale strategy reported efficiencies, albeit 
considerably slower. In Fig. 4, we observe how widespread IoT-
5G implementation will be in various industries by the years 
2021, 2022, and 2023. The Fig. shows how each industry has 
accepted and grown Internet of Things (IoT) technologies over 
the 5G network. 

 

Fig. 5. Scale of IoT-5G Deployment (2021-2023 years) 

E. Regulatory Consequences 

The qualitative interviews regarded the regulatory settings 
as a key contributing element to cost structures. Organisations 
operating in countries with favourable legislation towards IoT 
and 5G technologies saw an easier deployment process and, as 
a result, reduced related expenses. 

 

Fig. 6. Regulatory Impact on IoT-5G Deployment by 2021-2023 

F. Use-Case Specificity 

The article discovered that use-case specificity was critical 
in determining cost efficiency. For example, IoT-5G 
installations in precision agriculture, where real-time data and 
automated decision-making are crucial, produced much greater 
ROIs than general applications. 

G. Strategic Implications 

The SWOT analysis revealed that, although there are 
inherent strengths and possibilities, such as expanded data 
capabilities and market distinctiveness, organisations must also 
negotiate possible weaknesses and threats. The initial cost 
expense and the need for specialised personnel were also 
disadvantages. Threats involve external sources such as 
competition pressures and regulatory unpredictability. 

 

Fig. 7. Strategical Implication by Country 

This diagram above presents a color-coded SWOT analysis 
of 10 nations' progress towards IoT-5G integration, highlighting 
both successes and challenges for each. The chart is both 
visually beautiful and straightforward to read since each 
strategic area is represented by a different colour. 
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H. Narrative Synthesis 

These conclusions were supported by qualitative insights. 
For the former, this translated to strong narrative-storytelling 
around clear strategic intent, accompanied by the benefit of 
line-of-sight plans for IoT-5G use cases that delivered new 
market differentiation capabilities; and for the latter, it 
manifested in concrete operational efficiencies and, at times, 
even leadership performance in its chosen markets. What was 
pleasantly (though somewhat shockingly) constant in the stories 
was the ability to respond and reset business models based on 
learnings after pre-commercial deployment. The graphic below 
offers a competitive comparison between key companies in 
terms of operational effectiveness, market position, and 
business model agility, vis-à-vis IoT-5G convergence. The 
difference in the color of each category means that you can 
easily see the top companies across all rankings. 

 

Fig. 8. Narrative Synthesis by Organization 

Companies are signaling that they have achieved a high 
level of operational efficiency already, and this is consistent 
with the current trend, which implies effective IoT and 5G 
integration. Nonetheless, it is important to realize that as more, 
market leadership and the ability of companies to change their 
commercial model varies greatly. This implies different 
strategies and levels of flexibility in dealing with technological 
changes. Apple, Samsung, and Google all appear to perform 
very well in a lot of areas, again, the reason being they are just 
so good at what they do, these are also companies that adapt 
fast. By comparison, other business patterns are more 
complicated, as befits their unique strategic purposes and 
responses to technological innovation. 

I. Return on Investment (ROI) Analysis 

5G integrated with IoT holds the promise to produce a 
transformational economic impact across sectors such as 
healthcare, agriculture, and smart cities. The rest of this text 
explores the financial impacts of deploying IoT within 5G 
networks, explaining them through individual case studies and 
examples, thus providing a more concrete and actionable 
analysis of the Return on Investment (ROI). 

1) Cost Savings Through Remote Monitoring of Healthcare 

Cost savings in the healthcare sector have proven 
significant, where IoT-enabled devices are increasingly being 
deployed over 5G networks, primarily for patient monitoring 
and telemedicine services. For example, a hospital network 
using IoT sensors and wearables for remote patient vital sign 
monitoring saw a 25% drop in re-admission with the addition 

of 5G. That was enabled by delivering real-time data 
transmission with ultra-low latency, allowing for timely 
intervention and mitigating longer hospital stays. These 
operational efficiencies translated to a $5M annualized cost 
savings for an average-sized hospital network. 

In addition, we have experienced time and again proof of 
concept after proof of concept where telemedicine platforms 
alongside IoT devices supported by 5G networks have 
increased patient accessibility to care and thus lowered the 
number of people who need in-person consultations and their 
associated costs. For instance, a case study from one healthcare 
provider network reported a 15% reduction in operating costs 
due to lower demand for physical assets and staff, which was 
offset by increased revenue through addressing a larger patient 
population via telemedicine. The financial benefits highlight the 
value, in the long run, of providing 5G-enabled solutions to 
power connected health and care environments, such as during 
pandemics, while at the same time optimizing spending. 

2) Precision Farming and Revenue Growth in Agriculture 

IoT deployment in 5G networks also has proven economic 
benefits outside industrial automation, particularly through 
precision farming technologies, which have significant 
agricultural sector impacts. The sensors fitted in the crop fields 
are connected with 5G technology and can monitor soil 
conditions, weather data, and plant health. By processing the 
live feed, it can more accurately control watering, fertilization, 
and pesticide application. This technology saved approximately 
$2 million per year in an overall 20% reduction of costs on a 
large-scale farming operation. 

IoT devices also collect real-time data that help farmers 
make data-driven decisions on optimal crop yields. For 
example, a junction of IoT through 5G in smart farming 
enterprises demonstrated a 30% increase in crop yield over 
three years that amounted to extra revenue worth almost $3.5 
million, thus displaying how economical it could be to utilize 
IoT technologies combined with 5G infrastructure. 

3) Operational Efficiency and Long-Term Savings in Smart 
Cities 

Smart IoT solutions rolled out in 5G networks have driven 
operational innovation, especially when applied to traffic 
management and energy grid optimization in the urban context. 
For example, a smart city project in a major metropolis 
deployed IoT sensors to track presence and regulate traffic flow 
on the fly. 5G networks offer high-speed, low-latency 
communication that enables dynamic traffic routing, 
eliminating congestion and reducing travel times by 18%. In 
turn, this decreased fuel use by 10% systemwide, for an annual 
cost avoidance of over $12 million. 

In the same way, cities that have leveraged IoT devices in 
supervising and administering smart grids by using 5G have 
made considerable long-term savings to municipal energy 
systems. This has reduced energy waste by 15% through real-
time monitoring, providing information needed to automate 
adjustments in the flow of energy. Savings on operating costs 
an order of magnitude larger have been demonstrated by a case 
study implemented within the context of a smart city initiative 
in Europe, by transferring power flow control decisions to the 
energy infrastructure in real-time, amounting to ~$7 Million 
annual operation costs savings and ensuring issuance of 
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renewable power generation certificates supplied into the 
system thus supporting the financial viability grid. 

4) Accelerated ROI Across Scales in Cross-Industry 
Insights 

While the economic value of IoT at scale differs by industry, 
it finds not only higher ROI but also filtered through 5G 
networks. For significant scale deployments, according to 
companies, the pay-back period of their original investment is 
typically within two to three years. With smaller-scale 
deployments, the ROI is delayed, but the payoff arrives over 
time through financial savings as a result of operational 
efficiencies and increased productivity. 

For instance, in a smart city initiative, an initial capital 
expenditure (CapEx) on the installation of IoT sensors coupled 
with 5G infrastructure was repaid in 3 years because of savings 
from traffic management and energy consumption. Also, in the 
healthcare sector, where IoT-5G integration led to fewer people 
being readmitted to the hospital and lower infrastructure costs 
for healthcare institutions that could see their ROI within a 
single year as well. 

5) Regulatory Impact on ROI 

ROI is largely determined by the regulatory environment as 
well. Faster time to deployment and lower cost of 5G and IoT 
implementation in geographies with supportive regulatory 
environments allowed investment recovery faster. Universally, 
in areas with more simplified 5G deployment rules, companies 
reached ROI around 20 percent sooner than their counterparts 
working in places with more stringent limits. 

In the previous section, the study presented three use cases 
of IoT deployments in 5G networks from different domains and 
two case studies in each type of vertical, which clearly 
demonstrate the economic feasibility. The likes of healthcare, 
agriculture, and smart cities have real-world examples 
displaying how cost savings worth billions of dollars, revenue 
increase in millions, and operational efficiency thereof can 
improve. These economic benefits provide an evidence base for 
expanded value chain applications, leveraging IoT coupled with 
5G networks, and demonstrating the ROI of new use cases in 
many vertical industries. 

J. Stakeholder Perspectives 

Almost everyone, from politicians to industry leaders, 
concurred that strategy and coordination are required in order 
to gain a greater advantage of the IoT-5G convergence. Where 
politicians spoke of favorable legislative frameworks, industry 
leaders spoke of the need for cross-sector collaboration to co-
create value. 

By contrasting this string of information, the article exposes 
a rich ecosystem perspective on cost-efficiency when 
combining IoT in 5G networks. The results demonstrate that 
while the upfront costs are significantly higher, so is the 
opportunity for long-term revenue and success if mapped to a 
firmly aligned strategic plan. The findings also illustrate the 
requirement for a comprehensive understanding of the myriad 
contributors to cost-effectiveness, from size and specialization 
to regulation and stakeholder involvement. 

V. DISCUSSION 

Results of the article's impact on the economy that comes 
from bringing the 5G network closer to everyday life by 
incorporating Internet of Things-enabling functionality 
describe a range of different aspects. These findings are also 
consistent with previous studies on the technical viability and 
advantages of IoT-5G integration. This section greatly broadens 
the discussion by adding a detailed cost-efficiency study. It 
gives an end-to-end view of the economics in this technological 
transformation, which is either ignored or done superficially in 
most other previous works that have focused more on technical 
and operational factors. 

This study evidently showed a higher initial capital 
expenditure (CapEx) for IoT-5G installations, which aligns 
with similar findings elsewhere that report high upfront costs. 
The focus on long-term operational expenses (OpEx) and the 
predicted Return on Investment (ROI) distinguishes this article. 
Despite the high initial expenditures, we discovered that long-
term advantages, such as lower operating expenses and 
significant ROI, particularly in industries such as industrial 
automation, make the move a compelling argument. The study 
[24] have often brushed over these crucial financial dynamics, 
concentrating on the short-term expenses rather than the long-
term financial rewards. 

Furthermore, the article adds dimensions to the issue by 
emphasising how size and use-case specialization may 
significantly influence cost efficiency. Previous study [25],  
described these characteristics less thoroughly, which often 
considered IoT-5G installations rather than monolithic entities. 
The existing research generally generalizes the advantages and 
drawbacks of these technologies without delving further into 
how differing deployment sizes or application characteristics 
could change the economic equation. On the other hand, our 
analysis sheds light on the differences in ROI across industries 
and deployment sizes, emphasising that a one-size-fits-all 
approach to analysing cost efficiency needs to be revised and 
more accurate. 

Another area where our article differs from the previous 
debate is the influence of the regulatory environment on cost 
efficiency. Prior researches [26], [27] investigated regulatory 
consequences solely from the angle of feasibility or adoption, 
exploring how regulations may either accelerate or impede 
technology implementation. Our analysis expands upon this by 
tying the regulatory environment to economic efficiency. 
According to the statistics, organisations operating in regulatory 
frameworks favourable to IoT and 5G technologies have a 
smoother implementation process and lower expenses, 
improving cost-efficiency. 

In addition, our approach includes qualitative analyses 
through narrative synthesis and strategic evaluation (SWOT). 
While some previous studies have investigated stakeholder 
viewpoints, they often focus on technical, operational, or 
regulatory elements. The addition of strategic considerations in 
our article broadens the discussion by providing a more 
comprehensive perspective of the economic environment, 
connecting operational, financial, and strategic components 
[28]. This allows organisations to make better-informed choices 
that consider the technology capabilities of IoT-5G integration 
and the possible economic and strategic results. 
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Although past research [29] has often been sector-specific, 
our article overcomes this constraint by including viewpoints 
from various sectors, including healthcare, agriculture, smart 
cities, and industrial automation. This provides a more complete 
perspective, making our results and suggestions more relevant. 
Wireless power transfer technologies represent a significant 
step forward in power management for IoT devices within 5G 
networks, reducing power demands and enhancing network 
efficiency. These innovations are critical for the sustainability 
and scalability of IoT operations in the evolving 5G landscape 
[30]. The management of device traffic, mirrors the 
complexities of IoT traffic management in 5G networks, 
highlighting innovative approaches that can be adapted for 
broader IoT applications [31] 

By tackling the economic and strategic dimensions of 
connected IoT-5G interplay, this study, at long last, addresses 
an important gap in its literature. It disrupts the common claim 
in former works of only being able to focus on technology 
feasibility. It is a level-headed analysis covering the full 
spectrum of constituents, from start-up costs and ongoing 
expenditure to systematic implications and regulatory impacts. 
That holistic perspective is important for both policymakers and 
business stakeholders trying to navigate the complex IoT-5G 
convergence terrain. 

VI. CONCLUSION 

The integration of the Internet of Things (IoT) within the 
ambit of 5G networks brings about a paradigm shift that is likely 
to revolutionize the spectrum of healthcare, agriculture, smart 
cities, and industrial automation. While the headlines around 
this shift have been about technology capabilities and 
operational savings, there is a lot more to be understood about 
the financial realities behind this monumental change. This 
article attempts to fill that gap by investigating the cost-
efficiency implications of IoT onboarding in 5G. 

The majority of our findings showed positive, albeit 
somewhat mixed, results. While the upfront CapEx is large, this 
cost is often offset by long-term operating savings and the 
potential for an attractive ROI. The analysis shows that these 
financial performance metrics can be different; the size of 
deployment, the novelty of use cases, and existing regulation 
will all have a sometimes unpredictable impact on them. This 
multidimensional perspective disputes the view of deploying 
IoT into 5G as just a technical decision. It positions it as a 
strategic move that must be evaluated from operational, 
financial, and regulatory viewpoints. 

The article fills some gaps in what is known about the layers 
on both scales: quantitative properties of financial effectiveness 
of IoT-5G convergence on one side and our qualitative 
explanation or insights into them from the other side. The study 
approach supported analysis that stakeholders could use to 
evaluate the cost-effectiveness of planned deployments through 
structured surveys, interviews, and data. Consequently, our 
paper contributes to the academic debate and provides practical 
guidelines for organizations planning this shift. 

Furthermore, the research extends beyond cost efficiency to 
investigate this technological integration's larger economic and 
strategic ramifications. Using a SWOT analysis, we identified 
the possibilities and traps that organizations must avoid. These 
insights are useful for strategic planning and risk mitigation, 

providing a detailed grasp of what genuinely comprises the 
"cost" of IoT-5G adoption. 

It is also worth noting that this article is cross-disciplinary. 
By addressing different areas such as healthcare, smart cities, 
agriculture, and industrial automation, the article avoids the 
dangers of hyper-specialization that characterize most of the 
previous work. This broad reach broadens the relevance of our 
results, making them relevant to a broader range of 
stakeholders, from policymakers to industry executives across 
industries. 

As we stand on the edge of a technological revolution driven 
by the confluence of IoT and 5G, acquiring a comprehensive 
worldview that extends beyond basic technical capabilities is 
critical. This article presents a complete methodology for 
evaluating the cost-efficiency of IoT-5G integration, 
incorporating technical, operational, and financial elements into 
a holistic analysis. The article emphasizes the need for 
multidimensional planning, which considers the immediate 
expenses and the long-term economic and strategic 
ramifications. 

The article intends to catalyze better-informed, balanced 
decision-making in the age of IoT and 5G convergence. As 
organizations across industries seek to capitalize on the 
synergies of these disruptive technologies, the findings of this 
article serve as both a roadmap and a cautionary tale. It is not 
only about the potential of what IoT and 5G may do together; it 
is also about grasping the entire scope of what it will take to 
realize that promise. Our results are comparable with those of 
previous investigations. 
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