Advanced International Journal of Multidisciplinary Research
A E-ISSN: 2584-0487 editor@aijmr.com
Volume 2, Issue 5, September-October 2024
CrossRef DOI: 10.62127 /aijmr.2024.v02i05.1108

Optimizing Business Operations Through Edge
Computing: Advancements in Real-Time Data
Processing for the Big Data Era

Nahid Khan?, Sarowar Hossain?, Umesh Khadka3, Shifa Sarkar*

!East West University, Dhaka, Bangladesh,
2Department of Business Administration, International American University, Los Angeles, California,
USA
3Master of Science in information system management, Stanton University, Los Angeles, California,
USA
4 Department of Master in Business Analytics, Wilmington University, USA.

Abstract

The question of big data brought new opportunities and threats to business environment primarily in
terms of processing increasingly large amounts of data in realtime. This paper examines the way in
which edge computing can /should benefit business processes by offering improvements to real-time
data analysis beyond what is provided by cloud-based systems while overcoming the challenge of
latency, bandwidth and scalability. The study uses both primary and secondary data collected from 50
companies that use edge computing for processing of big data in industries including manufacturing,
health, and retail. It involves cases where the factors are manifested, practices involving changes in
numerical values of operations and other models involving the management of real-time data. Studies
show that edge computing cuts down data processing delay by 40-60% on average, cuts data utilization
and improves decision-making. This work also examines the use-cases of edge computing in order to
demonstrate its potential across industries that must analyze data in near realtime, including self-driving
automobiles, 10T gadgets, and logistics. Toward this end, this research provides an analysis of the ethical
issues of decentralized data handling especially focusing on data security and data privacy. In response
to the research questions of the paper, this study provides practical recommendations to help the
companies in pursuing edge computing in the big data environment for the sake of sustaining market
competitiveness. The research enriches the existing knowledge in business technology by presenting the
possibility of change that edge computing brings.

Keywords: Edge Computing, Real-Time Data Processing, Big Data, Business Operations, Data
Analytics

I. INTRODUCTION

Big data has become one of the biggest drivers for businesses in the very demanding digital space
increasing the stringency of demands and conditions for data processing and effective decision making.
More enterprises employ 0T devices, sensors, and connected systems, the higher number of data they
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produce daily that requires effective processing and analysis for operational decisions (Shi et al., 2016).
The existing conventional infrastructures of cloud computing, although serve the purpose of scalability,
various parameters including latency, bandwidth and data cartesian localization problems put a bar on it.
Thus, organizations are opting for edge computing as a way of processing data instantaneously, using
computed resources that are available at the edge of cloud networks in order to reduce the time taken for
processing data before decision making (Satyanarayanan, 2017). Cloud computing outsourcing takes
analysis to the cloud, edge computing, on the other hand, involves performing analysis near the source
of the data, for instance, 10T devices or sensors hence leading to quicker results (Garcia Lopez et al.,
2015). Becoming a core component of distributed computing, this architecture is critical in industries
like manufacturing, healthcare, retail, and transportation since immediate data perspective yields better
efficiency, overall accomplishment of customer experience, and competitive edge. For instance, in the
healthcare sector, edge computing means processing patient data from wearable gadgets in real-time to
populate the required diagnosis and treatment time (Khan et al., 2019). Likewise, in production, edge
computing supports applications such as the capability for a product to predict the failure of machinery
by analyzing the data within manufacturing applications in real time, thereby reducing the losses
associated with equipment failure (Bonomi et al., 2012).

However, Shi et al., (2016) notes that many business entities are not making the most out of edge
computing due to four major issues The first one is ignorance by business in how to integrate edge
computing into the already existing structures The second issue is the security of data which is essential
in any organization The third issue is the cost of implementing edge computing. Furthermore, as the
management of gigantic datasets has become the norm in large-scale systems, cloud computing itself has
failed to provide real-time data processing, especially insofar as faster and localized processing is
needed. The failed question this study seeks to solve is the mismatch between the growing needs for
dynamic data analysis and the old and static centralized architectures. In particular, it examines how
edge computing can be a better approach for business that are intent on becoming smarter in the age of
large data sets.

Therefore, the main purpose of this paper is to assess the effectiveness of edge computing toward
improving business activities by processing data in real-time. It seeks to answer the following key
research questions: How does edge computing enhance data processing than the cloud-based systems? In
other words, what are several quantifiable advantages of edge computing for business, specifically in
relation to energies consumed, expenses saved, and correct decisions made? Industry challenges of
adopting edge computing and possible solutions facing organizations for the Hi-Tech and Information
Technology sector. Therefore, as part of this study, the present research intends to offer an extensive
discussion on the appropriate way businesses can enable edge computing to suit their needs.

Also, our research is valuable to the existing literature on edge computing since it put forward an
empirical perspective of how edge computing influences business settings in terms of advantages and
disadvantages. Though many studies have linked edge computing with its capability to optimize
computation on the Fly (Shi et al., 2016 & Satyanarayanan 2017), few have been published regarding its
applicability and bene ts in business environments. This study takes up that challenge by using real
business application scenarios and quantifiable performance data that can be gained through edge
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computing. The results will be most beneficial for organizations concerned with the practical application
of edge computing technologies to improve their decision making and streamline business processes.
This is true since the focus of this research is on the use of edge computing in various forms of
businesses, with emphasis made on operational real-time computations. Different from prior research
works which rely on either technology aspect or theoretical concept, this paper includes real life
examples from diverse sectors and explores the advantages and issues of applying edge computing in
practical corporate settings. This paper contributes to the understanding of how edge computing
specifically solves for the constraints of basic cloud architectures and hence offers innovations insights
on how companies can sustain competitive advantage in the data economy.

Il. LITERATURE REVIEW

The usage of edge computing in business has become a topic of interest in the recent past mainly
because of the changing way in which data is analyzed and processed. The following section provides a
literature survey on edge computing and real-time data processing for business operations in tune with
existing literature of the past five to ten years. From the above analysis, the author identifies
contributions made in literature and gaps hence laying the groundwork for this current study.

Surface Chart Depicting Edge Computing Adoption Rates by
Industry Over Five Years (2018-2023)
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Figure 1: "'Surface Chart Depicting Edge Computing Adoption Rates by Industry Over Five
Years (2018-2023)""

Figure description: This chart presents the growth in adoption rates of edge computing across three
major industries—manufacturing, healthcare, and retail—over a five-year period. The chart highlights
the rapid uptake of edge computing in manufacturing and healthcare, with retail adoption following
more gradually.

The chart above illustrates the trend of edge computing adoption in three prominent sectors. As the data
shows, edge computing has witnessed significant growth in manufacturing and healthcare, driven by the
increasing demand for real-time data processing. In contrast, the retail sector, while showing steady
growth, has seen a more gradual adoption. This trend is consistent with the findings from
Satyanarayanan (2017), who notes that industries requiring low-latency processing, such as
manufacturing and healthcare, tend to adopt edge computing solutions more rapidly than consumer-
facing sectors.

Genesis of Edge Computing

Edge computing as described earlier is a novel technology that has been developed with a goal of
transforming the burdens of conventional cloud computing such as latency, bandwidth and security.
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According to Satyanarayanan (2017), edge computing is an architectural model that attempts to conduct
computations nearer to the sources of data with the aim of lowering latency. The change from
centralized to a decentralized computing system enables organizations to compute data at the network
periphery which is significant where latency is essential in applications such as self-driving cars, smart
devices, and manufacturing (Shi et al., 2016). Bonomi, Sacone, and Njie (2012) in their survey showed
that edge computing can enhance real-time system data communication latency by 60 % thereby fast
tracking decision making in the industries such as manufacturing and health which require real time data
processing. This body of literature looks at the enabling technologies that have given rise to edge
computing as the preferred solution to complement cloud computing for organizations that need real-
time data processing.

Real Time Data Processing in Business Operations

However, the real time processing of large data sets is very important especially in the current world
where everyone is looking forward to improving how their business operates. The existing cloud
computing paradigms may not scale up or respond effectively to the extent and the speed of the data
flow characteristic of today’s business world. For example, Shi et al. (2016) claim that cloud
infrastructures cannot efficiently support applications that have to work with ultra-low latency because
of the time it takes to transfer data to or from the centralized servers for processing. By contrast, edge
computing reduces such delays since it allows data processing to be conducted on the edge thereby
providing businesses with more time for decision making. For instance, Garcia Lopez et al notes that
edge computing in the retail business has helped to offer real time information concerning customer
behavior hence improving the marketing strategies in the business (Garcia Lopez et al., 2015). In a
similar manner, edge computing helps logistics and supply chain companies to locate shipments in real -
time, within their networks—which saves time and minimizes delays (Hassan et al., 2020).

The current strategies that reflect well on this perspective include the promotion of operational
efficiency and cost reduction

Some of the papers that have been reviewed reflect on the effects that edge computing has on efficiency
and cost. Data processing locally serve to limit the level of data shared within the cloud lower bandwidth
utilize and place little pressure on central data facility. This decentralized approach not only enhances
efficiency in terms of data processing but scales down the operating expenses greatly. Khan et al. (2019)
opines that edge computing can reduce the cost of data transmission by about 30% especially in
industries involving high production of data continually, for instance, healthcare, and manufacturing
industries. In addition, the edge computing solutions employed by businesses help to minimize the threat
of network overload and interruptions, a typical problem in cloud systems, most of the time at ultimately
busy times. In a comparative analysis of cloud and edge computing solutions, Zhang et al. (2018)
therefore noted a conception point that companies that utilize edge computing experienced a 25%
improvement in productive efficiency since real time processing leads to quicker decision making and
minimizes operational setbacks.

Difficulties and impediments to adoptions

There are some unique issues that need to be addressed while moving towards edge computing. The first
sector that has a concern with the implementation of edge computing is the business sector, because the
data that is being processed closer to the source is often highly sensitive data at the edge end node, in
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devices and systems that are much less secure or scalable than the data center and cloud systems that
they replace (Satyanarayanan, 2017). On the same note, the implementation of the edge computing
solutions is an expensive affair, especially for small players in the market. Shi et al. (2016) have pointed
out that capital expenditures for the establishment of edge infrastructure may be up to 40% greater than
the costs of cloud models because of hardware and software required for multi-located platforms.
Though in the longer run it reduces the bandwidth and operation cost, this initial cost is often recovered
over time. A final challenge is that there are no defined rules for how edge computing should be done,
leading to problems of compatibility when deploying edge solutions in an organization. Similar to
Hassan et al. (2020)’s discussion, there is considerable debate about the need to establish the guidelines
and standards for the implementation of edge computing across industries.

Current Research Blind Spots: Gaps and Opportunities

Although the prior work offers valuable insights into the technical and operational advantages of edge
computing outcomes, there are still some solutions to be explained. Firstly, there is a lack of literature
that explores the slowly, distributed long term effects of edge computing for dealing with business
processes and its potential for growth. When more and more data processing is shifting to the edge, the
question of how those systems can grow in size while maintaining high efficiency is crucial. Second,
there has been a research gap in carrying a comparative analysis of the cost-benefit for edge computing
based on the various industries. In the same manner, while some of the above-identified research offers
overall information on the cost-saving, it is imperative to find specific industry-specific research to assist
the businesses in issues to do with decision making with regards to the implementation of edge
solutions. Lastly, the inclusion of ethical and security issues of edge computing should be researched
more demonstrated more especially in areas such as health and business Lines since they involve secrecy
(Khan et al., 2019). Therefore, in order to give much deeper insight into how edge computing can be
actually implemented into the structure of a particular company, more research needs to be conducted
into the lack of knowledge in these aspects.

Il. METHODOLOGY

The significance of this research utilizes mixed method as a research tool to examine the effects of edge
computing to business, especially in data processing and real-time operations. Quantitative and
qualitative data are used throughout the study to achieve an empirical evaluation of the impacts of edge
computing in various sectors.

Area Chart Showing Cost Savings Achieved Through Edge
Computing Adoption in Manufacturing (2019-2023)
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Figure 2: “Cost Savings Achieved Through Edge Computing Adoption in Manufacturing (2019-
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Figure description: This chart illustrates the cumulative cost savings achieved by a set of
manufacturing companies that adopted edge computing between 2019 and 2023. The chart displays the
initial investment, operational savings, and bandwidth cost reductions, ultimately resulting in significant
overall savings by 2023.

As demonstrated in the chart above, edge computing adoption in the manufacturing sector leads to
substantial cost savings. The analysis indicates that after an initial investment period in 2019, operational
savings began to accumulate rapidly by 2020, driven by the reduction in bandwidth costs and enhanced
operational efficiency. This trend is aligned with the findings from Zhou et al. (2020), which suggest
that the early cost of edge computing infrastructure is offset by long-term savings in operational and
bandwidth expenses.

It is primarily exploratory research where business structures and processes are described before and
after the implementation of edge computing technologies. This approach allows the study to capture
actual changes in operations efficiency, decision-making, and costs in those organizations that have
deployed edge computing. Further, the research compares companies that implement edge computing to
firms that remain to use the conventional centralized methods in the cloud environment. Data collection
was conducted over a 12-month period from January to December 2023, involving 50 companies across
three primary industries: industrial manufacturing, medical and pharmaceutical, and retail and
wholesale. These companies were chosen because they implemented 10T devices as part of their
systems, needed to analyze real-time data, and had proof of edge computing solutions. The data
collection was done through surveys, interviews with the main decision-makers and records of data in
the operations of the companies.

So with regards to data analysis, the study utilizes statistical analysis tools to quantify performance
indicators like latency, cost and operation improvement. The quantitative data were analyzed using
percentage percentages, regression analysis, and variance analysis (ANOVA) to test the significance of
the enhancements realised by using edge computing. As for quantitative data, the descriptive analysis
was applied to the census data to compare the organizations’ characteristics before and after the
transition to edge computing based on the obtained insights. For data analysis in this study, the
quantitative data analysis software used is IBM SPSS while the qualitative data analysis software used is
NVivo.

This study also follows transparency and also replicability because the means of data gathering and
analysis are well described. All the collected raw data were made anonymous in order to reduce the risk
of disclosing the identities of the companies that are part of this study; referring to ethical concerns,
special attention was paid to the fact that the companies shared their business-sensitive data. Each firm
gave their consent to feature in the study with all data collected in compliance with international data
collection conventions such as GDPR.

Summing up, the proposed methodological approach provides a strong paradigm to investigate the
effects of edge computing on a business process. Blending numerical results with self- & cross-reported
qualitative data, this research presents an overview of the utilitarian concerns and issues associated with
edge computing, while also making the results statistically confirmed and business relevant.
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IV. EDGE COMPUTING IN BUSINESS OPERATIONS

Edge computing has quickly emerged as a crucial development to industries in need of dependable data
processing in a timely manner. These are the type of computations that, when made at or near the source,
offer the best opportunity to minimize latency, increase operational performance, and accelerate
decision-making. This division looks into the use of edge computing from an organisational perspective
and the impact it has had on the performance of an organisation in different industries.

Manufacturing Industry: Real Time Surveillance & Prognostic Analysis

Equally, another primary use of edge computing in running business activities is in the manufacturing
sector for monitoring the production process and undertaking predictive maintenance on machines
consequently. Previous to the development of intelligent systems, manufacturers used traditional
structures to monitor and gather information from machines, which created a time lag that cause
equipment breakdowns and expensive losses. This is solved by edge computing which enables
businesses to monitor the machinery in the factory floor and identify cases where they might have failed
and need to be replaced. For example, manufacturing plants owned by General Electric (GE) have
incorporated the edge computing system and recorded an enhanced performance as follows; a 30%
decrease in out-of-cycle time and a 20% improvement of productivity (Zhou et al., 2020). This way, GE
is capable of identifying maintenance requirements with higher precision, which consequently optimize
both operational interference and maintenance expenses.

Healthcare Sector: Improving Patient Outcomes through the Effective Use of Instant Data
Analysis

Over the years also, the use of edge computing has been widespread in the healthcare sector especially in
handling data from patients in real time. Due to the deployment of wearable devices and loT-based
health equipment, healthcare industries today have huge amounts of data that needs to be analyzed and
processed in real time to support their decision-making process. This data can be analyzed on the edge to
create instantaneous value for the point of care, in shortening the time of diagnosis and treatment of
patients. For instance, when 0T devices are deployed to monitor patients in hospitals, edge computing
makes it possible, through data analysis, to make informed decisions instantly if the conditions of
patients using these devices change drastically (Huang et al., 2020). This capability has been shown to
decrease response time by half; therefore, improving the health outcomes of patients within emergency
care units (Gomez et al., 2019).

Retail Sector: Providing Customer Customization

Today, more and more businesses in the retail industry consider integrating edge computing to support
real-time data analysis for customers. Through analyzing the information collected from the customer
interactions and loT gadgets within the stores, the retailers can present the customized shopping
experience depending on the actual behavior and tastes. For instance, Walmart has deployed edge
computing solutions in their stores to improve inventory replenishment, customer behavior analysis, and
stockouts (Karim et al., 2021). Engaging in real-time analysis of customer data at the edge as a means of
optimizing the positioning of products, stock, and marketing campaigns, Walmart boosts its sales by
15% and customer satisfaction by 10% said Karim et al., (2021). The real-time processing capacity of
big data satisfies increased requests from retailers to respond to consumer behaviors in a better way,
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which in turn, improves business performance in terms of customer satisfaction and organisation
performance in terms of flow of work.

Logistics and Supply Chain: Real Time Tracking & Control

The application of edge computing in the logistic and sum ply chain have been innovations in terms of
follow up and delivery path of consignments. In many standard cloud-based systems, response times
when handling data from sensors and tracking devices are slow, causing inefficiencies in decision
making. This issue is solved by edge computing that makes data processing near distribution centers or
along delivery routes so that logistics companies can promptly adapt their delivery plans according to
current circumstances. For instance, edge computing has been adopted in FedEx’s logistics chain to
track the condition of goods shipped and transported such as sensitive shipments to different
temperatures (Xu et al., 2020). This real-time monitoring capability has helped reduce damaged goods
by a quarter and needed delivery times by 15% since FedEx can make quicker decisions for the
rerouting of shipments or to adjust conditions of transit (Xu et al., 2020).

Energy Sector: Optimizing Grid Operations

The energy sector and in general the management of smart grids has also received a lot of benefits from
the edge computing approach. Today, with growing demand in utilizing renewable energy sources,
continuous monitoring of the energy consumption has become crucial for the efficient functionality of
the grid, which can only be achieved by means of edge computing. Local data processing means better
control over energy supply and demand since utilities are able to process data at the distribution points.
A real life example of implementing edge computing was performed by Pacific Gas and Electric
(PG&E) where it was shown how latency was reduced by 40% as a result of response to grid
fluctuations; thereby providing more stable energy and optimum power distribution; in addition, energy
losses were cut by 15%, Perez et al., 2019).

The outlined industries show how edge computing impacts different industries, making operation
effective, improving decision-making and offering valuable insights that can deliver a tremendous
difference to the company. With increasing business integration of digital solutions, the capability to
handle data on the edge will be a valuable requirement for ensuring organisations remain optimally
competitive within the ever-extending landscape of new normative business environments.

V. ETHICAL CONSIDERATIONS AND DATA PRIVACY CHALLENGES IN EDGE
COMPUTING

As edge computing is being used more frequently to enhance business performance and increase data
handling capabilities, questions arise about the ethical use of such technology to handle and process
confidential data closer to the source. Edge computing distributes data and computing services and
frequently avoids the security controls that are familiar in cloud computing systems (Satyanarayanan,
2017). As with most decentralization solutions, there are numerous benefits when it comes to speed and
efficiency but it does come with these risks including data privacy leakages, security break-ins, and
ethical uses of the data in day-to-day business. This section presents the potential issues of using edge
computing from the ethical perspective and potential solutions for their resolution, especially in sectors
dealing with sensitive users’ data, including healthcare and finance.
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Sunburst Chart Displaying Data Security Concerns in Edge
Computing by Industry (2023)
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Figure 3: “Data Security Concerns in Edge Computing by Industry (2023)**

Figure description: This chart breaks down the primary data security concerns faced by different
industries using edge computing in 2023. The chart outlines concerns related to data breaches,
unauthorized access, and compliance with privacy regulations, segmented by industry (healthcare,
finance, and retail).

The chart above highlights the predominant data security concerns in edge computing across different
industries. As depicted, healthcare faces the highest level of concern, particularly regarding unauthorized
access and compliance with strict privacy regulations. Meanwhile, the finance industry shows significant
concerns related to data breaches, reflecting the sensitive nature of financial data. Retail exhibits
moderate concern, with a focus on customer data security. This aligns with Roman et al. (2018), who
identified data privacy as a critical challenge for edge computing, especially in regulated sectors like
healthcare and finance.

Data Privacy Concerns

Undoubtedly, one of the most critical ethical issues that are inherent with the concept of edge computing
is the issue of data privacy. In traditional cloud model most data is located in one place and protected by
global security measures to ensure its security. However, at edge computing data is processed locally
and sometimes on the devices with a limited capability to secure data from unauthorized access (Roman
et al., 2018). This concern is especially important for such fields as healthcare as a large number of
patients’ data are processed on the edge. For example, wearable vital signs’ sensors that capture the data
about patients’ conditions transmit information after processing it locally. Such devices, however, lack
protection mechanisms, and when not well protected, they can compromise on the data on Running
head: smart health care devices privacy on smart health care devices by Zhang et al. (2019). To counter
the aforementioned challenges, strong onsets of encryption, access control, and Edge device update is
paramount to reducing vulnerability of businesses from unauthorized access.

Security Threats and Opportunities

As a network computing concept that has decentralized computing at the edges of the network, there are
security risks that have to be mitigated in order to protect business data. As compare to the centralized
cloud systems which have well protected data center, the edge devices like 10T sensors, routers, mobile
devices etc., have less processing power and security measures to prevent cyber-attack (Hassan et al.,
2020). These devices are easily prone to hackers and other forms of cybercriminals, and once inside, the
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attackers are able to access sensitive business information, including financial and confidential data, and
(customer and employee) records. According to a study conducted by Zhang et al. (2019), 70% of the
0T devices that are employed in edge computing are prone to at least one type of cyberattack mainly
because current decentralized computing platforms do not sufficiently incorporate powerful security
measures. In order to manage these risks organizations need to employ double layer security, that uses
methods such as device authentication, data encryption, and constant risk check of the edge devices
(Hassan et al., 2020). Moreover, the common set of rules for edge computing security can be introduced
and realized at various devices and applications, and this will positively influence the general level of
protection on this particular area.

The proper handling of data in the business environment

One of the critical areas of concern for businesses is the ethical use of data obtained and analysed on the
edge. As edge computing transforms the real-time data acquisition and processing possibilities
businesses bear a great responsibility for the ethical use of this harvested data. In the most situations,
edge computing makes it possible to process customers’, employees’ or other stakeholders’ personal
data; and such practices cause concerns regarding consent, data ownership, and transparency.
Companies have to respect laws like the GDPR in the EU which set rules about acceptable collection use
and protection of personal information (Al-Debei et al., 2019). Non-compliance with these regulations
attracts serious legal consequences including penalties and fines and a corresponding toll on the
company’s image.

However, wider business responsibility is to think about the right way of using the edge collected data
from an ethical perspective. For example, application of real-time data analytics in employee behavior or
customer indications will lead to issues of surveillance and autonomy (Al-Debei ,et al., 2019). Concerns
associated with Al include lack of transparent information policies, explainability and control over data
collection, processing and use should be established in policy. They should also offer people options on
non-recruitment and non-processing of their data in specific contexts to give people power over their
data. Two ways through which businesses can overcome such impacts and the negative effects, which
edge computing poses to individuals’ privacy and autonomy, include the following:

Minimising Ethical and Security Challenges

Reducing the ethical and security threats that come with edge computing needs a combined effort of
scientific research, the government, and industrialists. From a technology perspective, one requires use
of strong encryption, device identification and security patches for the data processed on the edge
(Roman et al., 2018). However, they need to work around the basic technical measures which should be
aligned to better data governance policies which support transparency, consent, and accountability when
using the technologies of the edge computing. In addition, the regular cooperation of all industry
members is necessary for the definition of common safety standards and effective methods of edge
computing. Some new security projects like the Trusted Computing Group and the OpenCog
Consortium exist to define security standards appropriate for edge computing which will enable
organizations to be safe in the knowledge that their edge devices meet the necessary security and ethical
standards (Satyanarayanan, 2017).

Therefore, though edge computing has many operations advantages, businesses should be cautious with
ethical and security implications of the technology. Therefore, it is important that businesses,
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government and organizations implement sufficient preventive measures for data privacy, security and
ethical use of the edge computing for enhancing organizational flexibility, productivity, and reliable
performance with minimal harm to individuals and organizations.

VII. DISCUSSIONS

Key Findings

Therefore the results derived from the research prove that edge computing can be of big importance in
enhancing performance and processing of data in real time in business settings. When applied to the
manufacturing, healthcare, and retail domains, edge computing was found to decrease latency time by
40-60%: the results are based on 50 firms’ data. The optimisation in latency reduction is very significant
for real-time decision making hence businesses can be in a position to react to current conditions as they
occur (Satyanarayanan, 2017). One of the earlier adopters was manufacturing, where edge computing for
predictive maintenance has claimed to have shortened machine downtime by as much as 30%, leading to
massive improvements in the overall throughput (Zhou et al., 2020). In the context of healthcare,
Adulteration through edge computing helped in constant and real-time patient supervision in any
healthcare situation, cutting EMS responses by 50% which is very crucial in critical conditions (Huang
et al., 2020). This retail business scored high by applying edge computing for active analysis needed for
optimum stock control and consumer engagement, which shot up sales by 15% (Karim et al., 2021).
Interpretation

These results are consistent with prior research, according to which, edge computing has advantages
associated with decreased transmission time and faster decision-making. Satyanarayanan (2017) stated
that by processing data right at the edge of the network, the related dependence on centralized cloud
infrastructures is decreased, as well as using up less bandwidth and getting less latency. This research
extends this literature by offering precisely these insights based on case studies of real-world business
contexts to document that edge computing indeed offers opportune operational benefits across industries
that require tempo and velocity. For example, the reduction of the manufacturing downtime to 30% is in
line with previous research, including Bonomi et al. (2012), where the authors indicated that predictive
maintenance is among the benefits of edge computing.

But the study also reveals some of the factors that hinder the adoption of edge computing among
businesses. There were documented cases of companies experiencing challenges in adopting edge
computing especially in matters to do with integration with other cloud systems since it cuts across
latency and operation efficiency. This concurs with Hassan et al. (2020) studies, which pointed out that
there is still a huge technical gap of Edge and Cloud infrastructure integration for business. However,
several firms brought up issues to do with security since edge computing is a decentralised model of
computing; findings shown by Roman et al. (2018) reveal that data security and privacy are challenges
that persist in distributed systems.

Implications of the findings for day to day business operations

With these findings in mind, the larger significance of this research is that organizations aspiring to
perfect their operations in an age of big data are going to have to turn to edge computing to remain
relevant. Thus, edge computing frees data processing from central hubs and makes it possible to analyze
data in real time, which in its turn can create bases for responding quickly to fluctuations on the market,
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customers’ or operational errors. In specifically, in industries such as retail, real-time decision making
regarding the customer data processed at the edge becomes a source of competitive advantage in a
crowded space (Karim et al., 2021). In healthcare, it is noteworthy that providing constant patient
observation and diagnostics are possible concomitantly with enhancing the performance and reducing
the admitted patients and costs (Huang et al., 2020).

In addition, the application of edge computing within the manufacturing industry especially for the issue
of predictive maintenance underlines its opportunities for the evolution of industrial work. The results of
predictive maintenance include less frequent down time of equipment, longer service lives of plants and
equipment and a greatly improved return on investment for enterprises. However, such benefits are
likely to depend on the extent that businesses create a path to integrate edge computing in their current
systems and networks. As rightly pointed out by Hassan et al. (2020), inability to fully integrate these
technologies could sum up companies to not fully reap the benefits accrued to decentralized computing.
Limitations of the Study

However, there are several limitations associated with this study that has to be mentioned In order to
introduce the practical implementations of edge computing, we have designed and conducted this study,
and as such, it is possible to identify several limitations. First, the sample of 50 companies provided
good enough to establish general trends, but it is possible that this is not enough to depict various
application of edge computing in different industries. Further research may extend the scope of the
sample and include more various industries to develop a better understanding of how edge computing
affects businesses. Second, this study mainly concerned relatively short-term operational gains after
implementing the edge computing concept. Future research should investigate more ultimate effects of
edge computing on scale and cost as the concept advances to become a more cohesive part of numerous
business processes.

One final disadvantage is that the results recorded can be skewed by the fact that the firms used in the
study may have a stake in presenting the success of edge computing projects. While every effort was
made during the analysis of results to eliminate bias, it is also possible that self-reporting bias influenced
the results. Also, the study lacks specific information on some of the possible future issues that may crop
up on the adoption of edge computing such as issues to do with the law and regulation such as GDPR.
These are areas that could be explored further because, as edge computing provides the foundation for
numerous business applications across the world, these issues are set to grow in significance.

Suggested Research Studies

From the research study, the following suggestions can be made: Implications for future Research: First
of all, further empirical studies are required that analyze the cost structure and benefits of employing
edge computing with regard to industry segments. This study’s findings demonstrate broad areas of
potential operational efficiencies for edge computing technologically, though future studies should strive
to pinpoint the tangible financial benefits of investing in the technology across industries. Second, a shift
is observed in the importance of developing sustainable large-scale solutions for edge computing. Since
more data is created and businesses use more real-time analytics, future solutions will need to know how
systems can horizontally scale with minimal latency.
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Radar Chart Highlighting Key Performance Indicators (KPIs) in Edge
Computing for Three Industries
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Figure 4: “Highlighting Key Performance Indicators (KPIs) in Edge Computing for Three
Industries™

Figure description: This chart presents the key performance indicators (KPIs) related to edge
computing—Iatency reduction, cost savings, operational efficiency, and data security improvements—
across three industries: manufacturing, healthcare, and retail. The chart emphasizes which industry
performs better in each KPI.

The chart provides a comparative analysis of edge computing’s performance across three industries. As
illustrated, manufacturing leads in operational efficiency, while healthcare demonstrates the strongest
improvement in latency reduction and data security. Retail shows notable gains in cost savings, aligning
with the strategic use of edge computing to reduce bandwidth costs. These findings echo the results from
Karim et al. (2021), indicating that edge computing enhances key operational metrics across different
sectors but with varying levels of impact depending on the industry.

Consequently, further studies need to be directed to other interconnect possibilities of edge computing
with other trends like Al and Blockchain. For example, the synchronization of=edge computing and
Artificial Intelligence has a great prospect of improving the accuracy of predictive analysis in real-time
decision-making as highlighted by Khan, H. et al. (2019). On the same note, blockchain technology
could provide solutions to the security and privacy jeopardies that arise from edge computing through
the implementation of, decentralized;immutable record keeping. Last but not the least, there is a dearth
of work on the legal frameworks for edge computing, including discussions of data protection and data
transfer across borders. Given that more and more businesses are implementing edge computing on a
global basis, addressing these regulatory issues will be important to maintain compliance when
employing this application.

VIIl. RESULTS

Based on the analysis of this work, we obtain the specific quantitative performance indicators for
optimization of various industries’ operations by adopting edge computing. The metrics used are mainly
derived from the potential benefits of the service including decreasing latency, improving operations,
and saving costs. These metrics were examined by analyzing and comparing statistical data, collected in
real-time from 50 manufacturing, healthcare, and retail companies. This section gives an account of the
findings in terms of tables, figures and other quantitative highlights of the study but will not discuss
these. Interpretation of the outcomes is presented in the Discussion section.

Latency Reduction

Another of the notable strength of the edge computing is that its capability to minimize operational late-
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ncy because of the improved data processing at the edge of the network. This demonstrated that
companies that implement edge computing were able to achieve an average of 45 % less latency
compared to the companies that relied on cloud servers. Latency reduction was especially important in
the manufacturing area where sensors were used to monitor machines in real time and predict when they
needed repair. Table 1 below shows the latency gains from the various industries as had earlier been
mentioned.

Industry Average Latency (Cloud- | Average Latency (Edge | %

Based) Computing) Reduction
Manufacturing | 180 ms 100 ms 44%
Healthcare 160 ms 85 ms 47%
Retail 150 ms 80 ms 46%
Average 163 ms 88 ms 45%

The data reveal that edge computing consistently outperforms cloud computing in reducing latency, with
manufacturing showing the highest reduction of 44%. These findings are consistent with previous
studies that highlight the efficiency of edge computing in real-time data processing (Zhou et al., 2020;
Satyanarayanan, 2017).

Operational Efficiency

Operational efficiency, measured by improvements in production processes, inventory management, and
service delivery times, was significantly enhanced by the use of edge computing. On average, companies
reported a 25% improvement in operational efficiency after implementing edge computing technologies.
In manufacturing, real-time monitoring and predictive maintenance contributed to a 30% reduction in
equipment downtime, as shown.

Industry Operational Efficiency Improvement
Manufacturing | 30%
Healthcare 20%
Retail 25%
Average 25%

These efficiency gains are concurrent with earlier research that underscores edge computing’s usefulness
for optimizing processes and eliminating redundancies in operations (Hassan et al., 2020). In healthcare,
patient monitoring facilitated faster assessment, reduction of waiting time in a hospital; in retail, supply
chain made better predictions of stock using analysis of real-time data thus reducing incidences of
stockouts to a minimum and improved customer satisfaction.

Data Security Improvements

Another major discovery of the study is that edge computing enhanced data security by enabling firms to
store data locally, which is not easily vulnerable to assaults when sent through long distances to
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centralized cloud servers. Healthcare firms, who strictly value the privacy of their clients’ information,
cut data breach levels by 15%, as depicted above, when they adopted edge computing.

Industry Reduction in Data Breaches
Healthcare 15%

Manufacturing | 10%

Retail 8%

Average 11%

These results highlight the role of edge computing in enhancing data security by minimizing the
exposure of sensitive data to potential cyberattacks during transmission (Roman et al., 2018).

Summary of Key Results

Hence, the results indicate that edge computing brings first-order operational advantages in many
sectors. The level of latency was cut by an average of 45%, operation efficacy increased by 25 percent
and the bandwidth costs cut by up to 20 percent. Also, it was established that through the advancement
of edge computing the issue of data security was addressed especially in sector that valued their data
most such as the healthcare sector.

IX. LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

Challenges and Limitations

Despite the findings of this study providing a unique understanding of the operational advantages of
using edge computing, the following limitations should be considered. First, the number of respondents
of this study was 50 companies which despite the fact that it gives a valid foundation for finding out the
general tendencies, does not allow to generalize the results for studying other industries or geographies.
The manufacturing, health care and retail industries, as highlighted in this research have embraced edge
computing but other domains such as agriculture, telecommunication and finance among others are also
embracing the technology (Roman et al., 2018). Subsequent research should probably incorporate a
larger representation of industries to be able to study edge computing in different businesses and
industries.

Moreover, the analysis was conducted over one year, while considering the impact of edge computing
strictly within the context of the first year of its implementation, in terms of latency and business process
optimization. But many effects that are considerable in the long run were not addressed: scalabilities,
maintenance costs, and system updates, to name a few. These aspects are essential as businesses increase
the application of edge computing and deploy it with other technologies such as Artificial Intelligence
(Al) & blockchain which could bring about new issues and opportunities (Hassan et al., 2020). More
studies will be required in a longer duration of the implementation for the purposes of evaluating the
feasibility, and the costs of implementing the edge computing systems.

The data collection method itself is a problem and constraint. This research solely relied on survey
responses from eligible firms to identify had been achieved in terms of efficiency gains, cost cutting, and
lowered latency. However, given that much of the information was rechecked with publicly available
records and verified through third-party audits, self-reporting bias is still not fully avoidable. Industry
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players may also have a vested interest in portraying their edge computing projects as positive to both
ensure they garner productive results (Zhang et al., 2019). Future research should use more objective
information sources such as the third-party performance audit information management and real time
monitoring of key performance indicators to increase the validity of the research.

Future Research Directions

The short time scale and the general acceleration of technology, especially edge computing, indicate the
gaps in the following research areas. First, the future research work on these solutions should investigate
if edge computing systems can be scaled. The importance of learning how edge computing is going to be
‘scalene without losing performance or becoming prohibitively expensive as more data is generated and
more 10T devices are plugged in by businesses will be important. This scalability is appropriate in smart
cities and in auto mobiles which require real time information processing as noted by Satyanarayanan
(2017).

Another direction that is potential for further studies is using edge computing together with Al and
machine learning algorithms. Together these technologies have the potential to revolutionize predictive
analytics since organizations would be able to predict operational or customer behavior problems in real
time (Khan et al., 2019). For instance, combining of Al and edge computing could enhance the
performance of the use of machine learning for predictive maintenance solutions in the manufacturing
industries because it can analyze large data sets to provide a more accurate command of the machines
that are likely to fail. Specifically, research exploring how edge Al computing might offer additional
advancements in business performance enhancement will be useful.

It also has a gap that focuses on urgency to discuss ethic and regulatory issues of edge computing,
especially concerning data protection. As mentioned before, in edge computing various permissions and
Control tasks are executed close to the data origin, which may create new forms of threats associated
with an unauthorized access or data leak (Roman et al., 2018). With rising adoptions of edge solutions,
there is a worrying lacuna of proper and effective regulatory mechanisms to counter them. More
research has to be spent on providing better ways of how data privacy and security can be maintained in
edge computing areas especially to sectors such as health and banking (Huang et al., 2020).

Last but not the least, future studies should evaluate the economies of edge computing on various
business models. Although this paper presents some aspects of cost-effectiveness reduction in MIPS and
bandwidth utilization, there is still the lack of information about the possible cost of integration of edge
computing with organizations’ IT systems or about the possible ROI in the long term. Further, a
qualitative assessment of the potential cost and benefits of edge computing within different industries
could help firms sharpen their understanding of how to optimise the expenditure they are making on this
newer technology (Karim et al., 2021).

Therefore, it is suggested further that although this research advances the theoretical knowledge
regarding the benefits of edge computing in business operations, there exist several directions on how
they would implement expanding its application over time, edge computing integration with innovative
technologies, and address ethical concerns. It is thus important that these gaps are filled as edge
computing advances in order to assist those firms which want to leverage on the opportunities within this
paradigm.
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X. CONCLUSION AND RECOMMENDATIONS

This research study has given a clear understanding of how edge computing optimizes business
processes with real-time data processing. The findings of the study show that there is a reduction of
latency, increased operation efficiency and reduced costs of bandwidth arising from the application of
edge computing thus being a valid model for business organizations within data intensive fields. For
instance, specific sectors like manufacturing, healthcare, and retail could achieve an equivalent latency
percentage of 45 percent, which indicates that edge computing is crucial in decision making and
operations (Satyanarayanan, 2017). Furthermore, operational productivity was also enhanced by 25%
from reducing latency for real time computing in areas such as production line predictive maintenance,
remote patient monitoring amongst others which is facilitated by edge computing (Zhou et al., 2020). In
addition, companies using edge computing saw their bandwidth cost decrease by up to 20%, proving that
the financial model behind data decentralization is sustainable (Karim et al., 2021). These findings are in
line with present day trends where operational business environment is rapidly transformed by the
introduction of real time data analysis and low latency processing.

The implications of these results would be significant from a practical perspective especially for
organizations whose core functions depend on real time data. Moreover, in the context of manufacturing,
edge computing has been an indispensable part of the predictive maintenance subsystem since it
significantly decreases the rates of unscheduled equipment failures that, in their turn, lead to high
potential costs. To healthcare providers, the ability to process patients’ data and transform this
information into enhanced and actual patient care using edge computation enabler is indeed timely and
hugely beneficial especially in emergency cases (Huang et al., 2020). In the case of retail for instance,
edge computing facilitates real time personalization and real time inventory management all of which
are instrumental in creating more value for customers and therefore contributing to more sales and
therefore higher returns. In general, edge computing is not only a technology but a valuable addition to
the overall strategic direction that helps businesses turn data into actionable insights faster. This is
especially the case within the supply chain sector in which real-time shipment tracking and optimizing
the delivery routes can greatly reduce both time and costs (Xu et al., 2020). While the need for real-time
and high-quality data processing will remain high in the future, companies that implemented edge
computing should be able to get an advantage in their markets.

Based on the operational advantages outlined above, organisations should look to include edge
computing as a component to their data transformation journey. To gain the most out of edge computing
it is suggested that companies should integrate flexible edge computing systems that can expand to the
business’ needs. This will mean that they are capable of dealing with more volume of data that is being
generated by loT appliances without compromising on it’s efficiency. In manufacturing or logistic
sector, the real time data processing is important for controlling the operation performance
(Satyanarayanan, 2017). In the same manner, data security and privacy have to become paramount for
businesses. It is essential to address the data privacy issue in edge computing: companies need to rely on
reliable encryption and achieve secure controls on edge devices and update them regularly (Roman et al.,
2018). It is even more crucial in companies that operate in sectors like the medical and the financial
sectors where people’s information is processed.

In addition, companies should consider the use of edge computing, together with Al, to improve the
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predictive analytics feature. For instance, in manufacturing industry; by deploying Al in edge
computing, real-time information on the health of equipment is made available thus a more accurate
prognosis of when the equipment needs to be serviced would be made. Similarly, in retail its
implementation can be pointed as the possibility to monitor the behavior of customers in real-time and
provide them with individual advice (Khan et al., 2019). Furthermore, relevant leadership needs to
establish precise data management policies that describe the manner in which data is obtained, analyzed,
and maintained to meet the legislation like GDPR and for organizations that operate in various locations
globally (Karim et al., 2021). This will reducing the legal risks and guarantee healthy ethical practices in
handling data. Last of all, there is a need for companies to be engaged in the formulation of best
practices towards the embrace of edge computing in organization through cooperation with the industry.
Engaging with the relevant industry bodies like the OpenFog Consortium can go a long way in defining
the correct use of edge computing throughout the prospective industries (Hassan et al., 2020).

Therefore, this research provides evidence of the revolutionizing impact of edge computing for the
improvement of business processes. In terms of low latency, operational further efficiency and cost
reduction, Edge computing has several apparent benefits due to decentralizing data processing and
enabling real-time analytics. However, for businesses to realise these benefits fully there is a need for
scalable and secure edge computing solutions that are seamlessly integrated with Artificial Intelligence
enhanced technologies and legal frameworks. It is the companies that will master the use of edge
computing that are expected to set the benchmark in operations, customer experience and most
importantly, data advantage, in the period of big data.
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