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Abstract: The study investigates the impact of the 10T @ndbst and quality of last-mile logistics, theicet and often
challenging final phase of the supply chain. Whh telentless growth of e-commerce and the inargaémands for
efficient and reliable delivery services, underdiag how IoT affects last-mile logistics is increagy becoming
important. Through the integration of 10T technaésgsuch as GPS tracking, RFID systems, and mealdata analytics,
the study aimed to assess the extent to whichgiblication of the 10T affects the cost and quadityast-mile distribution
in South Africa. As a result, the study providetughle insights into the potential cost savingsnoreases associated
with 10T adoption, quality challenges and areagmgirovement, customer satisfaction and the oveefformance of
last-mile distribution systems. The methodologyoiwes the collection of primary data from selecthstribution
companies in South Africa. Statistical software waed to analyse the data to shed light on thakienbenefits and
challenges associated with 10T adoption in laserogistics as they relate to cost and quality. fedemarch findings
indicate that implementing 10T in last-mile distrton systems in South Africa can significantly ioge efficiency and
effectiveness. The IoT integration with existindrastructure enables seamless communication, [weadecision-
making, and reduced delivery delays. Overall, lmglaging IoT technologies and real-time data amslpsganisations
can optimise their distribution processes, redastss improve quality, and enhance overall cust@rperience.

1 Introduction operations, enabling businesses to deliver goodh wi

Last-mile delivery is a critical component of theoply ~ improved quality and cost efficiently.
chain, but it faces numerous challenges, exacetlbgtéhe ) )
complexities of the Covid-19 era [1]. While it lsstmost 2  Literaturereview
crucial link, [2] claims that it is also the leasffective. 2.1 Last-miledistribution systems
Efforts to eliminate obstacles and enhance traason [6] define Last Mile Distribution Systems as thstleg
quality have led to a focus on consumer-drivenstigs, of the supply chain, covering the transportatiord an
cost reduction, and innovative solutions like mibubs  delivery of goods to the final point of consumptituast-
and crowd delivery [3]. [4] suggest that in recggurs, the Mile Distribution Systems are crucial for ensuriigely
global demand for efficient and reliable last-mileand efficient delivery, as well as customer satisfa.
distribution systems has been on the rise, driverthe  [7] opine that this stage often involves complegistical
rapid growth of e-commerce and the need to rea@perations, including route optimisation, inventory
geographically dispersed customers and during éh&lc management, and coordination with various stakesld
19 vyears, this growth doubled, causing a need fguch as couriers, drivers, and customers. Effigieaud
innovative solutions to the challenges associatitll tve  effectiveness in last-mile distribution are vitat Eustomer
increasing demand of home deliveries. South Afiisaa  satisfaction, cost optimisation, and overall busine
rapidly developing nation with a thriving digitati@omy, success. Customers are provided with a plethoomlaie
is not immune to the challenges associated withntdle  purchasing options, which places greater pressutast-
logistics [5]. This study assesses how IoT adoptifects mile providers to ensure their service delivery and
the cost and quality of last-mile distribution iuh offerings are optimal at all times [8]. It is imptive for
Africa. It aims to uncover potential cost savingaality last-mile service companies to maintain cost-eiffecess
enhancements, customer satisfaction improvements, aand superior quality of the service provided despiite
overall performance of the LMD sector. Leveragind'é increased demand for deliveries for them to flduiisthe
capabilities can enhance efficiency, visibility, dan online market [9].
responsiveness in deliveries, leading to satisfieiomers
and reduced operational costs. By addressing South
Africa's unique logistics challenges, this resegates the
way for more efficient and sustainable distribution
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2.1 Internet of Things (1oT) in supply chain vendors, gathering real-time progress data frondees)
management producing real-time quality/maintenance data, inosn
2.1.1  Overview of the Internet of Things (10T) tracking, and information sharing. Enhancing reeers
technology logistics, enabling quality monitoring and quality-

The loTs is not a single technology, but ratheeative  controlled logistics, collecting product data whiteuse,
alliance of numerous complementary technologiedhd cooperative ordering are all ways to increase
working together to close the gap between thealigitd Operational efficiencies and income prospects [20].
physical worlds [10] and [11]. The phrase "Interoét Making better operational decisions and improving

Things" was first used in 1999 by the Massachusetgirategic outcomes at the SC and firm levels isnately

Institute of Technology's (MIT) Auto-ID Center f&CM
to describe a method of tracking items via the rivge
using radio-frequency identification (RFID) linkirig an

Electronic Product Code (EPC) serving as a unig&@mpany

made possible by the availability and analysis @f-|
enabled real-time data [21]. For instance, [22kctdbes
how loT and big data analytics are used in a lagist
to enhance driver safety, operational

identifier for each individual item [12]. Since thethe effectiveness, and environmental sustainability.stCo

definition of a "Thing" has expanded to cover astgrof
digital gadgets that can be uniquely identifiedade
sensed, addressed, and operated autonomously hhitaig
Internet. Examples include RFID, sensors, actuatmis
phones, and smart products [13]. By utilising thiinet
as a communication infrastructure, a means ofstatage,
and a platform for data processing and syntheseset
authors further contend that the capabilities dfdevices
are hypothesized to surpass the inherent functtgna
any item. Today, social networks, cloud computibig
data analytics, and GPS telematics all contributee 10T
platform's expansion [14]. Self-awareness, indialidy,
control, interconnection, adaptability, transforitigh
synergy, self-decisiveness, and strategic behavéwar
important loT features [15].
212 Applicationsof theloT in Supply Chain
M anagement

[16] reported that SCM has seen a transition teas
the form of a basic RFID-based tag for product gedtmon,

implications play a crucial role in the adoption loff -
enabled last-mile distribution systems. ImplementioT
technologies in the context of last-mile logistiogolves
significant upfront and ongoing costs, includingvide
procurement, network infrastructure, data storamed
maintenance. For organisations operating on tigdgbts
or with limited resources, the financial burden lof
implementation can pose a significant challengé. [28r
this reason, careful assessment of the returnvasiment

is essential, along with considering the long-terost
benefits when planning the integration of loT Soius
[24]. Moreover, the scalability of IoT adoption loates a
complex task due to the heterogeneity of produotd a
underlying technologies. Building an infrastructure
capable of supporting thousands of connected ptsduc
requires substantial investment. Therefore, adohgss
cost-related concerns and finding cost-effectivieitems

is vital for successfully improving last-mile digtution
systems through the Internet of Things [25]. Althlou
there is a definite need for 10T application in thst mile

then adopts sensor technology and then communicagéstribution of goods processes [26] further replat due

devices to a smarter supply chain. The authorsdfdbat
technical advances have opened the way not onhat&
the goods but also to predict situations for avgdosses
for the company and safeguarding the goods proferly
the right individual to collect information and a@y them
to the right person at the right time for the easyivery of
the goods. [17] showed that tools like RFID follaney

wireless sensor networks and then middleware, web

platforms and cloud computing play a significarierm

to how fast technology is moving, there is a reloce
from top management to invest in any form of te¢cbgw
This resulted in a fear that it would be deemedlas
within a few years [27].

3 Methodology

3.1 Theresearch approach and data collection
methods

This study follows a quantitative research approach

integrating the supply chain information digitally. The quantitative analysis of the impact of 10T ba tost
Adopting technologies such as the loT in SCM alsgnd quality of LMD companies helped to evaluate the

decreases the times required to purchase or buugi®

potential benefits of integrating loT technologi@s

and services and offers improved communication@usifimproving last-mile distribution in South Africa. A

items that in effect speed up the efficiency of pames
[18]. The study also showed that the Internet dhgs is
strong in terms of visibility, auto-capture and rihg of
information. This in turn provides a positive effean
costs, followed by quality and supply chain flektiiin

integrated supply chain businesses.

structured survey questionnaire was designed teatol
data from six last-mile distribution companies witlhe
Durban region of south Africa, using a purposiveagting
technique, two hundred and ten (210) participantsew
selected for the study as the sample derived froen t
population including logistics managers, delivery

[19] the loT in the supply chain management seistor personnel, and administrators. Consequently, omg o

not just for big, resourceful companies and th€ls St is
a widely used and widely accessible technology &or
variety of SCM functions, such as information limgiwith

hundred and seventy-nine (179) questionnaires were
useable. The survey was designed to gather infamah
the challenges faced, the potential benefits ofdddption,
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and the critical factors influencing cost and gyalvhile  which serve as the foundation for interpretatiod &me
ensuring the anonymity and confidentiality of thediscussion of the results.

participants. The questionnaires were then codéd in

Excel and exported into the Statistical PackageSfieial 4.1  Theinfluence of theloT in the LMD

Sciences (SPSS), version 27.0. Frequency distoibatnd industry in South Africa

descriptive statistics were employed in the analgsithe In asking the respondents about their perceived or

quantitative data. experienced influence of 10T in the LMD industrySouth
Africa, the researchers aimed to ascertain thefepaoeas

3.2 Population, sampling and sample size in which loT had a discernible impact on both castl

A population can be defined as the total number @fuality. This information can assist organisaticins
units, elements, or cases such as individualspesgaons, directing their focus towards the most promising lo
items, or events from which a sample can be drawn fapplications within the LMD sector. Evaluating the
study purposes [28]. The population in the contéxhis advantages of IoT in LMD not only facilitates the
research was selected using purposive sampling aassessment of returns on investment (ROI) but also
included six last-mile distribution companies inrban. provides a clearer understanding of the value mitipa
The practical reason for excluding other LMD comnipan associated with the implementation of loT solutions
in South Africa is that Durban is one of the thbéggest Through the systematic collection of data on pasiti
cities in South Africa with an effective and susédile outcomes, this study aimed to quantitatively meashe
logistics sector, therefore, this population wagi@d influence of 0T across various dimensions, inalgdtost
representation of the entire country. According teavings, increased productivity, error reductionaliy
[29] sampling is "the process of selecting a sidfic enhancement, heightened customer satisfaction,ttznd
number of the right elements from the populatiothsb a attainment of competitive advantage. The resultant
study of the sample and an understanding of itpgut@s research findings are poised to make substantial
allow for generalisation to the population elementscontributions to the establishment of industry Ipeattices
Alternatively put, sampling is the procedure useddther and guidelines. These insights can be shared among
data about a population's overall makeup throughdustry professionals, policymakers, and stakedrs|do
examination of a subset of it. Based on the fornfata enable  well-informed  decision-making,  promote
sample size with the margin of error set at 5% straple collaborative efforts, and accelerate the adoptibhoT
size for this study was 210 with a response raté7& solutions in the LMD sector.

Using Yamane's statistical formula to determine the
adequate sample size of a population of 440 urtdeys 4.1.1 Useof theloT in last-milelogisticsin South
This would hence be (1): Africa

The researcher asked this question to understand
adoption rates and gain insight into the extemthizh loT
technologies have been adopted in the industrys Thi
information can assist in identifying trends andessing
the current level of implementation as well as in
understanding the current landscape, challenged, an
opportunities in this field.

N
= Tnen (1)

Where:

n - sgnifiesthe required sample size

N - signifies the population under study

E - signifiesthe margin of error. It setsthe accuracy of the
sampl e proportions. With an accuracy of plusor minus 5%,

theneis usually set at 0.05. Table 1 Use of 10T technol ogies in organisational operations

The study illustrates with the above formula to Respl\(l)nses Per cent Pe(r:cent of
determine the sample size from a given populatios af : ( )_ 5 asei
440 (N) with a margin of error (e) of 0.05 by sifosing | 1racked vehicle] 177 25.70% | 98-90%
the given variables as follows (2): Expanded 160 21.40% | 89.40%

delivery route ) )
_ 440 Expansion an
n= Tra10005)%) (2) use of drone 10 1.30% 5.60%
440
n=—— D@ 126 | 16.90% | 70.40%
221C1) deliverie!
n= i
S(;?n‘?r fuliiment 7 18.40% | 76.50%

Therefore, a sample size of 210 respondents oat of Packaging arn
population of 440 would be an acceptable number qypaliinc 51 6.80% | 28.50%
responses to maintain a 95% confidence level. Defects
4  Resultsand discussion manageme 38 Sl || 20200

Based on the overall aim of.the study, this sectiolReverse logistic 47 6.30% 26.30%
presents the results and analysis of the colleded, [Tz 746 100.00% | 416.80%
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The researchers inquired about the 0T technologies

currently in use within the organisations to eviduheir

impact on cost and quality aspects of operatiorie T

descriptive analysis revealed that out of a tofalf46
instances where smart technology influenced omerstia
significant 98.9% of these cases were related ackéed
vehicles. This indicates a pronounced relianceodnfor
monitoring and managing transportation logistichjolv
can have direct implications on cost efficiencyuteo
optimisation, and overall quality of service. Moveg, the
descriptive findings revealed that in 89.4% of casbere processes are affected by IoT in the organisatibe.
smart technology played a role in the respondentscriptive analysis revealed that among the 53ésxcaf
organisations, it was associated with expandedsetgli
routes. This expansion might signify potential czstings 99.4 %) were attributed to reporting and decisicakimg,
through efficient route planning and quality of\éee, as

it can impact delivery times and customer satigfact enhancing

Table 3 Business processes affected by 10T
Responses Per cent Per cent of

(N) cases

Reporting an 178 33.5%| 99.4%

decision makin

Order fulfilmen 17¢ 33.1% 98.3%

Fleet manageme 177 33.3% 98.9%

Total 531 100.0% | 296.6%

Furthermore, respondents were asked what business

business processes influenced by 10T, the majority 78;

indicating that IoT technology plays a crucial rate
data-driven  decision-making processes.

Additionally, in 76.5% of cases, smart technologydditionally, 98.9% of the cases were linked toefle
impacted the order fulfilment point. This suggexitential
improvements in inventory management and ord@ptimisation in this area as loT devices can prviehl-
processing efficiency, which can positively affeoth cost
control and the accuracy and timeliness of delagri efficient route planning, reduced fuel consumptiand
directly impacting quality. Furthermore, in 70.4% o maintenance cost savings, all of which positivehpact
instances, smart technology was linked to improvethe organisation's overall cost structure. While398 of

deliveries. This improvement may encompass variodse cases were associated with order

aspects, including on-time deliveries, reducedrsyrand
enhanced customer experiences.
To further explore the integration of loT withineth
LMD sector, respondents were asked about the pirgyai
IoT technologies employed within their organisatidhe
findings showed that out of 399 cases of technebtiat
are currently most used, 99.4% (n=178) were linted

End-to-End tracking,

revealing

Furthermore, 97.2% of these cases were creditateto
Global Positioning System (GPS), underscoring iidew
adoption. In contrast, a mere 5.0% (n=9) of thesagere
associated with sensors, signifying their limiteshge,
while 6.1% of the cases were attributed to Radsm&ency
Identification (RFID). These results hold signifita

implications for both cost-effectiveness and qualit

enhancement within the LMD industry.

Table 2 Commonly used 10T technologies
Responses Per cent Per cent of

(N) cases

Enc-to-end trackini 17¢ 44.6% 99.4%

Security camer: 27 6.8% 15.1%

Sensor 9 2.3% 5.0%

Radio  Frequeng 11 2.8% 6.1%

Identification

(RFID)

Global Positionin 174 43.6% | 97.2%

System(GPS

Total 399 100.0% | 222.9%

management, revealing how loT contributes to cost

time tracking and monitoring of vehicles, leadiogiore

fulfilment,
underscoring the importance of |oT in streamlirsogply
chain operations. Improved visibility and tracking
inventory and orders can result in faster and rooeirate
order processing. These results highlight that

significantly affects both cost and quality in ars
business processes, emphasising its potential it@ dr
efficiency, reduce expenses, and enhance decisainm

loT

its prominent rolewithin the organisation.

Table 4 Challenges of the |oT

Challenges Responses Per cent Per cent
(N) of cases

Connectivity 33 7.20% 18.40%
Data

collection and 169 36.90% | 94.40%
processin

Limited

bandwidtt 23 5.00% 12.80%
Cybersecurit 17t 38.20% 97.80%
R o 12.70% | 32.40%
regulatior
Total 458 100.00% | 255.90%

The descriptive analysis of the challenges facethby
IoT in the LMD industry indicates that cybersecur#t the
most prominent concern, with 97.8% of respondents
identifying it as a challenge. This has significant
implications for both cost and quality. Investimgrobust
cybersecurity measures can be costly, but it isrgiss to
protect sensitive data and ensure the quality DElstems
by preventing breaches and data loss. Similarty4&®) of
respondents highlighted data collection and pracgsss
a challenge. Efficient data collection and proaggsre
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vital for delivering high-quality services and pumtls in 5.2 Recommendations
the LMD industry. However, implementing the necegsa  Based on the study findings, the key recommendstion
infrastructure and technologies for data managero@mt for last-mile logistics businesses and other stakighns in
be costly. Furthermore, if data collection and pssing the industry are to prioritize the integration ofTlI
are not done accurately, it can lead to errorslandr the technologies into their operations for cost-efficig,
quality of insights and decisions made using lofadéhe quality, and sustainability in the LMD sector. Thisludes
challenges related to lack of regulation (32.4%nvesting in cybersecurity by implementing robuestisity
connectivity (18.4%) and limited bandwidth (12.88t80 measures and encryption protocols to safeguardtisens
have cost and quality implications. The absenceledr data and loT devices from potential threats. Theorse
regulations can create uncertainty and compliaostsdor recommendation is to improve data collection and
businesses, impacting their cost structure. Aduitly, processing capabilities, focusing on data accuaadyreal-
poor connectivity and limited bandwidth can hindee time analysis, which will enable better decisionking
real-time functionality and effectiveness of loTs®ms, and resource optimisation, ultimately reducing agst
potentially compromising the quality of serviceslatata and improving both cost and quality efficiency.
analysis. Furthermore, itis crucial for businesses to inuesecurity

In summary, the identified challenges in the IoTDM cameras, loT-enabled vehicles, sensors, RFID, &#6/1G
industry, including cybersecurity, data collectiamd boost productivity, efficiency, and customer satision in
processing, lack of regulation, connectivity, aidited the last-mile delivery process. Collaboration with
bandwidth, all have varying degrees of impact aimlsost regulatory bodies and industry stakeholders tobéista
and quality. Addressing these challenges effegtivel comprehensive guidelines and standards for loT
crucial for LMD businesses to maintain high-qualityapplication in the LMD sector, ensuring compliararel
services and products while managing their costgcountability, is also advisable. Additionallyetistudy

efficiently. recommends the use of alternative connectivitytimnis,
such as edge computing and 5G networks, to mitigate
5 Conclusion connectivity issues and enhance data transmission

This section contains the study’s concluding remark  efficiency. Lastly, stakeholders across industsesuld
relation to the research objectives, recommendsitiord  recognise the value of 10T technologies and congiuzr

summary of findings and implications for the studly. adoption in day-to-day operations and future plagnas
the digital revolution continues to reshape th@mimerce
51 Summary of findings landscape. This proactive approach will help ladt-m

The study found a strong correlation between codt alogistics businesses maintain high-quality serviaétie
quality efficiency in LMD businesses that have gued  efficiently managing costs, fostering innovatiomda
loT technologies. Key factors influencing cost effncy —sustaining their competitive edge in the face afleng
and quality management include accurate and timeleghallenges and opportunities in the sector.
collection of data through loT sensors which equips
businesses to make informed decision making, opéisni 5.3  Contribution and practical implications
resource allocation and minimises waste all eningriobth of the study
cost and quality efficiency. These findings aligithw 5.3.1  Contribution to the body of knowledge
previous research on Logistics 4.0 initiatives \tbenefit This research addresses the lack of empiricalestiah
the economy by lowering logistical expenses, ingirga the application of 10T technologies in the LMD irsthty in
productivity, and improving customer satisfacti@o][ Durban, South Africa. By studying the factors ieficing

loT innovations, such as real-time predictive atiedy cost and quality efficiency, the research providesable
offer new opportunities for both traditional andlio@ insights for logistics companies in South Africad&velop
retailers to enhance customer experiences, optimisgategies for adopting innovative technologiesriprove
inventory management, and improve supply chaicost and quality management. This not only helgsnth
operations. By adopting these loT advancementsleet become innovation-based logistics service providwers
can stay competitive and deliver seamless expatete also promotes sustainability. The study contribtitethe
customers [31-35]. The study also revealed that Idogistics industry and the broader field of Supflkain
technologies positively influence the responsiverasd Management. Additionally, it extends knowledge and
performance of last-mile logistics companies. Eletse understanding of the application of 10T technolagie
such as security cameras, loT-enabled vehiclesosgn LMD companies, providing more literature on loT
RFID, and GPS contribute to increased productivitytechnologies and business performance in the LMifbse
efficiency, and customer satisfaction by reduciegd of the Supply Chain. This work advances understapii
times, defects, and information inaccuracies. Add#lly, an under-researched context and provides a detailed
end-to-end supply chain visibility provided by thesframework for applying loT technologies in the LMD
elements enables partners to enhance markgEctor in Durban, South Africa, and other develgpin
responsiveness and mitigate supply chain disruption ~ economies worldwide.
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5.4 Implications of the study pandemic,Technology in Society, Vol. 69, No. May,
54.1 Managerial implications pp. 1-19, 2022.

To survive and succeed, LMD companies mugB] WINKELHAUS, S., GROSSE, E.H.: Logistics 4.0:
embrace cutting-edge technologies to effectivedghethe a systematic review towards a new logistics system,

market and meet customer demands. Strategies grngmot  International Journal of Production Research, Vol. 58,

the use of advanced technologies, like 10T, arergis for No. 1, pp. 18-43, 2020.

success. In South Africa's reduced consumer spgndin https://doi.org/10.1080/00207543.2019.1612964
power, a viable option for businesses is adoptilegvacost  [4] YANG, C., LAN, S., ZHAO, Z., ZHANG, M., WU,
leadership strategy without compromising qualitheT ~ W., HUANG, G.Q.: Edge-cloud blockchain and loE
adoption of contemporary perspectives in strategy enabled quality management platform for perishable

formulation, with 10T technologies as a driver fility supply chain logisticdEEE Internet of Things
holds promise for helping last-mile businesses eaghi Journal, Vol. 10, No. 4, pp. 3264-3275, 2023.
competitiveness and sustainability. https://doi.org/10.1109/J10T.2022.3142095
[5] AJAYI, M.O., LASEINDE, O.T.: A review of supply
5.4.2  Policy implications chain 4IR management strategy for appraising the
The study recommends that the South African manufacturing industry's potentials and shortialkhe
government should adopt policies that support teldyy 2% century,Procedia Computer Science, Vol. 217,

use in logistics companies through strategic mamage pp. 513-525, 2023.

and financial backing. Moreover, allocating resesr¢o  [6] DEVARI, A, NIKOLAEV, A.G., HE, Q.
address other critical needs, such as infrastractur Crowdsourcing the last mile delivery of online asl
development (roads, electricity, and internet badthy, is by exploiting the social networks of retail store
vital, as these challenges often hinder progressrhance customers ransportation Research Part E: Logistics
the SME sector, the government should prioritise and Transportation Review, Vol. 105, pp. 105-122,

providing managerial and technical skills to SMEs. 2017.
[7] GIELENS, K., GIJSBRECHTS, E., GEYSKENS, I.:
55 Futureresearch Navigating the last mile: The demand effects dleli
This study offers valuable insights into 10T's il and-collect order fulfillmentJournal of Marketing,
to improve last-mile distribution systems in Soafhica, Vol. 85, No. 4, pp. 158-178, 2021.

with a specific focus on the influence of loT o ttost [8] KAYIKCI, Y.: Sustainability impact of digitisabn in
and quality of the LMD sector. However, there are logistics, Procedia manufacturing, Vol. 21, pp. 782-
opportunities for future research to explore addi 789, 2018. ) N
dimensions and aspects of 10T integration in laig-m [9] BUYUKOZKAN, G., GOCER, F.: Digital Supply
logistics, including risk management, environmental Chain: Literature review and a proposed framework f
impact and sustainability, Regulatory and legal future researchComputers in Industry, Vol. 97, pp.
implications, customer experience and comparative 157-177, 2018.

studies. By addressing these areas of researchassho https://doi.org/10.1016/j.compind.2018.02.010
would expand the knowledge and understanding of ho&0] BALAJI, M.S., ROY, S.K.: Value co-creation it

loT technologies can transform and optimise lase-mi Internet of things technology in the retail indystr
logistics, ultimately leading to more efficient and  Journal of Marketing Management, Vol. 33, No. 1-2,
customer-centric delivery systems. pp. 7-31, 2017.

[11] DE VASS, T., SHEE, H., MIAH, S.J.: 10T in sugp
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