—— ZEGU ——
ZIMBABWE
EZEKIEL GUTI

UNIVERSITY

The Zimbabwe Ezekiel Guti University Journal of Law, Economics and Public Policy




©ZEGU Press 2023

Published by the Zimbabwe Ezekiel Guti University Press
Stand No. 1901 Barrassie Rd,

Off Shamva Road

P.O. Box 350

Bindura, Zimbabwe

All rights reserved.

DISCLAIMER: The views and opinions expressed in this journal are those
of the authors and do not necessarily reflect the official position of
funding partners”

Typeset by Divine Graphics
Printed by Divine Graphics

EDITOR-IN-CHIEF
Dr Ellen Sithole, Zimbabwe Ezekiel Guti University, Zimbabwe

MANAGING EDITOR
Dr Noah Maringe, Zimbabwe Ezekiel Guti University, Zimbabwe

EDITORIAL ADVISORY BOARD

Dr Sithabile Manyevere, University of Zimbabwe, Zimbabwe

Dr Tinotenda Chidawu, University of Zimbabwe, Zimbabwe

Dr Prolific Mataruse, University of Zimbabwe, Zimbabwe

Dr Carren Pindiriri, University of Zimbabwe, Zimbabwe

Dr Kiriana Magaya-Dube, Great Zimbabwe University, Zimbabwe

SUBSCRIPTION AND RATES

Zimbabwe Ezekiel Guti University Press Office
Stand No. 1901 Barrassie Rd,

Off Shamva Road

P.O. Box 350

Bindura, Zimbabwe

Telephone: ++263 8 677 006 136 | +263 779 279 912
E-mail: zegupress@admin.uz.ac.zw
http://www.zegu.ac.zw/press

Vol.2 Issues 1&2, 2023 i LIGHTHOUSE: The Zimbabwe Ezekiel
Guti University Journal of Law,
Economics and Public Policy


http://www.zegu.ac.zw/press

About the Journal

JOURNAL PURPOSE

The purpose of the Lighthouse: The Zimbabwe Ezekiel Guti University
Journal of Law, Economics and Public Policy is to provide a forum for
urban solutions based on a systems approach and thinking as the bedrock
of intervention.

CONTRIBUTION AND READERSHIP

Lawyers, criminologists, economists, public policy experts, bureaucrats,
students, researchers and many other experts located in both the private
and public spheres.

JOURNAL SPECIFICATIONS
Lighthouse: The Zimbabwe Ezekiel Guti University Journal of Law,
Economics and Public Policy

ISSN 2957-884 2(Print)

SCOPE AND FOCUS

The journal is a forum for the discussion of ideas, scholarly opinions and
case studies on law and policy, statutes, constitutions, general rules of
the game (institutional mechanisms) and policy pronouncements or
declared positions that are put to scrutiny, weighed, interpreted and
evaluated. In all these matters, the intention and context usually define
the outcomes and impact. The journal is produced bi-annually.

Vol.2 Issues 1&2, 2023 ii LIGHTHOUSE: The Zimbabwe Ezekiel
Guti University Journal of Law,
Economics and Public Policy



Guidelines for Authors for the Lighthouse Journal

Articles must be original contributions, not previously published and
should not be under consideration for publishing elsewhere.

Manuscript Submission: Articles submitted to Lighthouse: The Zimbabwe
Ezekiel Guti University Journal of Law, Economics and Public Policy are
reviewed using the double-blind peer review system. The name(s) of
author(s) must not be included in the main text or running heads and
footers.

Total number of words: 5000-7000 words and set in 12-point font size
with 1.5 line spacing

Language: British/UK English

Title: must capture the gist and scope of the article

Names of authors: beginning with the first name and ending with the
surname

Affiliation of authors: must be footnoted, showing the department and
institution or organisation.

Abstract: must be 200 words

Keywords: must be five or six containing words that are not in the title
Body: Where the authors are more than three, use et al.

Italicise et al., ibid., words that are not English, not names of people or
organisations, etc. When you use several authors confirming the same
point, state the point and put them in one bracket in ascending order of
dates and alphabetically, separated by semi-colon e.g. (Falkenmark,
1989, 1990; Reddy, 2002; Dagdeviren and Robertson, 2011; Jacobsen et
al., 2012).

Referencing Style: Please follow the Harvard referencing style in that:

— In-text, citations should state the author, date and sometimes the
page numbers.

— The reference list, entered alphabetically, must include all the works
cited in the article.

In the reference list, use the following guidelines, religiously:

Vol.2 Issues 1&2, 2023 iii LIGHTHOUSE: The Zimbabwe Ezekiel
Guti University Journal of Law,
Economics and Public Policy



Source from a Journal

Anim, D.O. and Ofori-Asenso, R (2020). Water Scarcity and COVID-19 in
Sub-Saharan Africa. The Journal of Infection, 81(2), 108-09.

Banana, E, Chitekwe-Biti, B. and Walnycki, A. (2015). Co-Producing
Inclusive City-Wide Sanitation Strategies: Lessons from Chinhoyi,
Zimbabwe. Environment and Urbanisation, 27(1), 35-54.

Neal, M.J. (2020). COVID-19 and Water Resources Management:
Reframing our Priorities as a Water Sector. Water International, 45(5),
435-440.

Source from an Online Link

Armitage, N., Fisher-Jeffes, L., Carden, K., Winter, K. (2014). Water
Research Commission: Water-sensitive Urban Design (WSUD) for South
Africa: Framework and Guidelines. Available online:
https://www.greencape.co.za/assets/Water-Sector-Desk-Content/WRC-
Water-sensitive-urban-design-WSUD-for-South-Africa-framework-and-
guidelines-2014.pdf. Accessed on 23 July 2020.

Source from a Published Book
Max-Neef, M. (1991). Human Scale Development: Concepts, Applications
and Further Reflections, London: Apex Press.

Source from a Government Department (Reports or Plans)

National Water Commission (2004). Intergovernmental Agreement on a
National Water Initiative. Commonwealth of Australia and the
Governments of New South Wales, Victoria, Queensland, South Australia,
the Australian Capital Territory and the Northern Territory. Available
online: https://www.pc.gov.au/inquiries/completed/water-
reform/national-water-initiative-agreement-2004.pdf. Accessed on 27
June 2020.

The Source being an Online Newspaper Article

The Herald (2020). Harare City Could Have Used Lockdown to Clean
Mbare Market. The Herald, 14 April 2020. Available online:
https://www.herald.co.zw/harare-city-could-have-used-lockdown-to-
clean-mbare-market/. Accessed on 24 June 2020.

Vol.2 Issues 1&2, 2023 iv LIGHTHOUSE: The Zimbabwe Ezekiel
Guti University Journal of Law,
Economics and Public Policy


https://www.greencape.co.za/assets/Water-Sector-Desk-Content/WRC-Water-sensitive-urban-design-WSUD-for-South-Africa-framework-and-guidelines-2014.pdf
https://www.greencape.co.za/assets/Water-Sector-Desk-Content/WRC-Water-sensitive-urban-design-WSUD-for-South-Africa-framework-and-guidelines-2014.pdf
https://www.greencape.co.za/assets/Water-Sector-Desk-Content/WRC-Water-sensitive-urban-design-WSUD-for-South-Africa-framework-and-guidelines-2014.pdf
https://www.pc.gov.au/inquiries/completed/water-reform/national-water-initiative-agreement-2004.pdf
https://www.pc.gov.au/inquiries/completed/water-reform/national-water-initiative-agreement-2004.pdf

Critical Elements in Defining an Intelligent Supply
Chain Model for Warehouse Infrastructure

MUTUMWAWASHE DUBE'

Abstract

Smart supply chains and warehouses aim to increase quality, productivity
and efficiency with the notion of environmental justice in mind. Since
the year 2015, the use of smart and intelligent supply chains gained
traction with the use of the Internet of Things (loT) taking centre stage in
the discussion of the development of smart supply chains. The study
evaluates the defining elements of an intelligent supply chain and their
usefulness in the implementation of smart warehouse infrastructure. The
study used the qualitative methodology and in-depth interviews. The
study found that the use of digitalised warehouse infrastructures can
position the manufacturing industry in Zimbabwe as the breadbasket
globally and jewel crown of Africa. The study found that a smart supply
chain can be defined by a tracking and tracing system that uses
technology and the use of the loT. There is need to move away from
manufacturing that relies on fossil fuels and move towards sustainable
manufacturing based on smart warehousing and inventory management.
The study used qualitative methodology and in-depth interviews.

Keywords: efficiency, environment, traction, sustainability, fossil,
intervention

INTRODUCTION

Supply chains play a crucial role in manufacturing and services operations
(Zhang, Yang and Yang, 2022). The supply chain consists of all the
processes, transformations and flows involved in the making of a product
from raw material to the finished product (Hamdy, Mostafa and Alawady,
2020). The supply chain consists of all the parties involved directly and

'Faculty of Law, Business Intelligence and Economics, Zimbabwe Ezekiel Guti University,
Bindura, Zimbabwe
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indirectly in the fulfilment of a customer request. It includes not only
manufacturers and suppliers but also warehouses, retailers and even the
customers (ibid.). Warehousing is an integral part of supply chain
management. Traditionally, it is a place to store and hold inventory
before being shipped to customers or distributed to retailers for sale
(Affia and Aamer, 2020). However, nowadays they do not function as
storage facilities only, but also as critical places where supply and
demand are matched through inventory management to meet the
demands of the customer (ibid.). Automation and digitalisation are the
driving forces of Industrial Revolution 4.0 (4IR) as the revolution led to
the mass production of goods, which increased the need for modern
warehouses (Jarasuniene, Ciziuniene and Cereska, 2023). The extensive
production of goods launched by the 4IR intensifies the necessity for
modern warehouses (ibid.). In recent years, that is at the turn of the
year 2010, the functioning of warehousing has gotten unpredictable with
the increasing number of goods handled in a warehouse, thus customary
and manual strategies for warehouse management can no longer deal
with such volumes of activities (ibid.). This intensity of production has
prompted the use of modern innovation to manage these challenges
(ibid.).

The article explores the integral elements in defining an intelligent
supply chain model for warehouse infrastructure. An intelligent supply
chain has become an important part of manufacturing across the world
and with this globalisation, there is need for the adoption of intelligent
supply chains in African manufacturing industries if they are to survive
the global markets and put a mark on modern supply chains. There is
great need for intelligent supply chains in the Zimbabwean
manufacturing industry as these can help reduce climate change by
reducing the emission of greenhouse gases that are released by the old
model of buildings, the industrial model before the 4IR. Environmental
justice is the missing link in the creation of intelligent supply chains if
Zimbabwe is to create a supply chain that does not harm the
environment.

CONCEPTUAL FRAMEWORK

The conceptual framework that guides the article is the public goods
standpoint propounded by Samuelson (1954) (). The public goods
standpoint postulates that efforts of private businesses are likely to lead
to inadequate standard infrastructures for at least two reasons (ibid.).
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The first reason for the failure arises from the public goods nature of the
standards inevitably leads to a free rider problem and the result is under-
investment in the provision of infrastructures (ibid.). This problem of
free-riders is what the African manufacturing sector is facing currently
with special reference to Zimbabwe the market and the players within
the market are operating based on a neo-liberal standpoint without any
investment into smart and sustainable infrastructure jeopardising the
future due to the need to have a free market.

Old models of warehouses are said to produce 30% of the greenhouse gas
emissions (Raza and Malik, 2019). Under-investment in smart
infrastructure can lead to the failure of public goods and this is what
Zimbabwe is currently experiencing due to the lack of investment in
smart infrastructure. The manufacturing industry is lagging behind and
failing to produce goods for public consumption. Zimbabwe is one of the
countries that import much of what is consumed in the country due to
the failure of the industry to produce public goods. Zimbabwe produces
what it does not consume and consumes what it does not produce,
meaning there is a failure in the manufacturing industry to produce
public goods on a mass scale.

The second reason is coordination failure through wrong investments that
are suboptimal (Samuelson 1954). There is need for the digitalisation of
the supply chain so that it can track and monitor the investments that
are pursued by manufacturing companies so that they do not go off track
and pursue wrong investments.

Resolving these public goods and coordination failures requires
intervention from another industry, which is the merging of the
information and communications technology (ICT) and the manufacturing
industries. The merging of the two industries leads to the creation of
smart manufacturing and warehousing infrastructure development that
allows African manufacturing industries to reposition themselves on the
global map as major players, not as mere spectators and extractors of
raw materials and buyers of value-added products. The creation of
intelligent supply chains can solve the shortage of public goods in
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Zimbabwe as these bring with them warehousing infrastructures that
allow for the smart tracking and movement of goods. Zimbabwe has gone
through phases whereby the manufacturing industry has been revived and
protected by the government without reaching full production potential
in the manufacturing sector. Intelligent supply chains can help through
the creation of warehouse infrastructures that are also smart using the
loT. The creation of smart warehouses helps because nowadays
warehouses do not function as storage facilities only, but also as a
critical place where supply and demand are matched through inventory
management to meet the demands of the customer (Affia and Aamer,
2020).

LITERATURE REVIEW
The literature to be reviewed focuses on the supply chain, an intelligent
supply chain and the warehouse infrastructure.

SUPPLY CHAIN

Supply chains encompass companies and business activities needed to
design, make, deliver and use a product or service (Khan et al., 2010).
Businesses depend on their supply chain to provide them with what they
need to survive and thrive (Ganeshan and Harrison, 1995). The supply
chain involves many flows, that is, information flow, financial flow and
material flow (ibid.). Third-party logistics is also involved in the supply
chain, and this is a situation whereby a company uses its logistics
resources on behalf of another company in handling the inbound and
outbound logistics of the company that owns the commodities (ibid.).
The term “supply chain management” arose in the late 1980s and came
into widespread use in the 1990s (Chopra and Meindl, 2001). Before that
time, businesses used terms such as logistics and operations management
(Khan et al., 2016). A supply chain can, therefore, be described as the
alignment of firms that bring products or services to the market
(Lambert, Stock and Ellram 1998).

Thus, supply chain management is a set of approaches used to efficiently
integrate suppliers, manufacturers, warehouses and customers so that
merchandise is produced and distributed in right quantities, to the right
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locations and at the right time to minimise system-wise cost while
satisfying service level requirements (ibid.). Supply chain management is
the task that moves in a process from supplier to manufacturer, to
wholesaler, to retailer to consumer (Khan et al., 2016). The supply chain
formerly involved production of goods, storage and transportation of
goods to the final user. However, now with the involvement of
technology, the supply chain has evolved to become smart. The smart
supply chain now involves the internet and other technologies.

INTELLIGENT SUPPLY CHAIN

The wide disruptions due to the COVID-19 pandemic demonstrated the
importance of supply chain flexibility and resilience (Zhang et al., 2022).
An intelligent or smart supply chain is a supply chain that integrates the
partners to self-organise and automatically adapt to environmental
changes and makes intelligent decisions to best achieve business goals
(ibid.). The main features of a smart or intelligent supply chain include
being integrated, intelligent, adaptive, and self-optimising (bid.).

The supply chain is a dynamic evolving process that extends vertically
and horizontally in terms of integration, along with technology
development and business innovation. With the development and
integration of ICT and artificial intelligence (Al), supply chains evolve
from single partner/flow intelligence to multi-partner or whole supply
network intelligence and, ultimately, to promote and realise the
digitalisation and intelligentisation of different businesses/systems (Liu
et al., 2018). Thus, developing a resilient and smart supply chain is an
indispensable yet challenging task for manufacturers and other
stakeholders (Zhang et al., 2022). The emergence of new (ICT)
technologies, such as big data analysis, the Internet of loT and
blockchain, makes it possible to develop a smart supply chain (Saucedo-
Martinez et al., 2018).

Driven by new technologies and the need for adapting to constantly
changing markets, the 4IR provides a new platform for smart
manufacturing, bringing manufacturers close to customers (Lasi et al.,
2014). Industry 4.0 can provide cyber-physical systems to integrate
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customer needs into the different stages of manufacturing (Zhang et al.,
2022). The implication of the 4IR technology has transformed the
manufacturing industry and created economies of value creation during
the past four years (Ching et al., 2022). This entire value-creation
network is typically coincident with the supply chain (Zhang et al., 2022).
Thus, supply chain management is an important factor that impacts the
performance of smart manufacturing under the 4IR. Supply chains should
keep pace with the revolution (Zhang et al., 2022). Zhang (2015) has
indicated that smart manufacturing needs smart or even smarter supply
chains for support since the supply chains affect the availability of the
input for manufacturing, the interaction of multiple functions of
production, the efficiency of the delivery of the finished goods to
customers and responsiveness of the network.

The smart supply chain is to use advanced technologies, especially ICT,
to link the processes in different partners of a supply chain to form an
intelligent connected system (Wu et al., 2016). Industry 4.0 has a more
positive impact on manufacturing industries in German companies (Sarbu
et al., 2021). Duman and Akdemir (2021) opined that the benefits of
smart supply chains in business yield profitability, improvement in sales
and production speed, and increase in productivity, quality and efficiency
in firms. New emerging technologies from the 4IR, such as ICT, show
promise in improving the supply chain in various ways (Colin et al.,
2015). Supply chain management aims to meet customer demands on
time with the highest quality and lowest cost that can be obtained by
improving the process and achieving the linkage between them, removing
the non-value-added activities across the supply chain and making it
more agile (Kovacs and Kot, 2016). The loT has a significant role to play
in improving and enhancing the performance of all the functions of
supply chain management which are production, location and marketing
(Mostafa and Eltawil, 2016). All the functions can benefit supply chain
management by saving time and cutting costs, while bringing customer
satisfaction.

INTELLIGENT WAREHOUSE INFRASTRUCTURE

Intelligent supply chain management can have an impact on the
modelling of a smart warehouse management system. Industrial buildings
produce nearly 30% of all greenhouse gas (GHG) emissions (Malik et al.,
2019). This includes indirect emissions from increasing energy
consumption and packaging waste production (Rupp et al., 2022). In the
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United States of America (USA), Environmental Protection Agency (EPA)
data showed that nearly 23% of GHG comes directly from industrial
sources like warehousing, logistics processes, manufacturing and
construction (Stolaroff et al., 2018). The direct emission created during
various warehousing processes such as storage, goods consolidation,
distribution and transporting cargo has been on the increase in recent
times (Chuah et al., 2022).

Seaborne cargo, which is 90% of globally traded commodities, is
processed in warehouses and transported via existing road infrastructure
to and from various ports (Oloruntobi et al., 2023). This made
warehouses and logistics inevitable and now need to be intelligent and
sustainable for the safety of the environment. The implications to the
environment continue to be of utmost concern, necessitating several
global calls to embrace environmental, social and governance standards
(ibid.). This means leaser energy usage for heating and energising
operations in warehouses and logistics centres will minimise the
dependence on fossil fuels (ibid.). Shemi et al. (2018) observe that one
industry that mounted the utmost pressure on the centrally generated
electricity is the storage and warehouse sector, prompting the release of
indirect emissions. Adopting a warehouse management system can have
a positive impact on the supply chain performance. That is because using
Management Information System and wireless barcodes can achieve cost
reduction, flexibility, inventory reduction and delivery in time reduction,
thus achieving customer satisfaction (Hamdy and Mostafa, 2020). The
introduction of barcode-enabled real-time warehouse management
systems and automation with the addition of technologies like near-field
communication (NFC), radio-frequency identification, global positioning
systems (GPSs), wireless sensor network, WiFi and robotics, has changed
the warehousing system by reducing manpower costs (van Geest et al.,
2022).

Intelligent supply chain management must have an loT that allows one to
track work-in-progress, and inventory, and improve the picking and
receiving of goods in the wool yarn industry (Hamdy and Mostafa 2020).
Wei et al. (2015) found the use of barcodes by supply chains to be
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helping in the warehouse management system by helping in the
management of inventory, supporting decision making and decreasing the
workforce costs, thus it achieves improved overall performance. The use
of intelligent supply chains is critical in achieving inventory control,
increasing efficiency of the operations, enhancing warehouse utilisation,
reducing manpower, reducing loading time and increasing inventory
accuracy (Hamdy and Mostafa, 2020). With the help of the adoption of
new technologies such as the loT, block chain, big data analytics,
artificial intelligence, machine learning, deep learning and robotics, the
operations of warehouses may be radically transformed (van Geest et al.,
2022).

The main advantages of smart warehouses are that they provide real-
time information which is not possible in traditional warehouse systems,
manual tasks are minimised, and automation of tasks is maximised so
that high-value tasks are performed by the employees (ibid.). Smart
warehousing allows for improved operational scalability because updating
infrastructure is easier than the update of human capital within the
organisation. In smart warehouses, automated decisions are made using
different prediction models and the use of sensors to monitor expensive
equipment and, therefore, downtime is minimised (ibid.). Warehouses
are no longer a storage places only, but rather a place where value-
added services take place in that some warehouses are starting to
assemble and pack (De Koster et al., 2017). The manual warehouse
operations involved errors during the inventory control and picking
process and to ensure quality and safety in the smart supply chain,
warehousing has technical systems that reduce the margin for human
error (Skerlic, 2017).

Warehouse inventory management plays a crucial role in supply chain
management, leveraging 4IR technologies, the smart automated
warehouse becoming popular, especially for e-commerce companies (Liu
et al., 2018). The warehouse and distribution centre with 4IR
technologies become a supporting part of smart manufacturing processes
(Mohammed, 2017). Smart warehouse management uses the loT and Big
Data to make the monitoring, tracking and location of various materials
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and products in the warehouse environment (Aviles-Sacoto et al., 2019).
Therefore, technological advancement through automation of the
warehousing system in the intelligent supply chain defines the smart
supply chain and can be used for the modelling of smart warehousing, a
model that involves less human handling of goods using machines.

METHODOLOGY

The study used a qualitative methodology, leaning towards case study
research design. To craft the discourse forming this article, the study
engaged purposive sampling to sample eight respondents that have
worked in the manufacturing sector in Zimbabwe with experience on the
supply chain. The study also engaged literature and document review to
understand the state of the supply chain and warehouse infrastructure in
Zimbabwe. Snyder (2019) states that a literature review-based study can
direct the researcher on the gaps within the study area and how others
have addressed the pitfalls within a certain research area. The data was
analysed using narrative data analysis. The study focused on TechFarm, a
Zimbabwean telecommunication company that supplies electronic
gadgets.

THE USE OF THE INTERNET

The study showed that there is use of smart technology at the TechFarm
warehouses to track and trace inventory and reduce the time spent in the
supply chain and make deliveries of products to the consumers in time.
The findings indicated that there is the use of the Internet of Things in

the warehousing system at TechFarm. One participant said:
What we do here is we use the internet to track and trace our inventory so
that the time spent tracing and searching for inventory boxes is less, as
everything is computerised, making the smart supply chain time effective in
Zimbabwe.

The study also revealed that the use of the loT in the supply chain is
critical in defining a smart supply as it indicates that a supply has to self-
optimise. One participant indicated that:

The Internet of Things defines a smart supply chain as it gives the supply

chain the ability to self-optimise and self-organise as it can help cut human
interference and reduce delays.
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The IoT has been shown in the findings to define a smart supply chain
that can operate with minimum human intervention. One participant
said:

One aspect that defines an intelligent smart supply chain is the ability to use

the Internet of Things and reduce human interference so that the machines

can operate and locate inventory. The basis of smart supply chain is to

reduce human work as the population is ageing.

The loT can define a smart supply chain as it can reduce the human
interference as the population is ageing in most of the countries,
including Zimbabwe.

MODEL OF AUTOMATION

The study showed that a smart supply chain can be defined by a model of
automation that can reduce the loss of goods. The findings revealed that
the traditional model of supply chain lost goods through breaking as the
picking and handing of goods by humans led to errors. One participant

indicated that:

What defines a smart supply chain is a model of automation that can work to
reduce the loss of goods in the warehouse so that the company makes profits
rather than losses. This is because the traditional supply chain involved
packing and picking by humans and this led to loses due to the breaking of
inventory.

The study revealed that the automation model is what defines a smart
supply chain as it can use better ways to track and transport the goods to
the pick-up counter. One participant stated that:
One thing that can define a smart supply chain is the creation of an
automation model for the supply chain that can reduce breakages and loss of
goods in the picking and packing due to human error. A smart supply chain
can be defined by automation through the use of RFID (radio frequency
identification) to track and trace the inventory.

These findings showed that for a smart supply chain to be defined there
is need for an automation model that allows for the automation of
services such as the packing and picking of orders, as well as the tracking
and tracing.
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TRACKING SYSTEM
The findings revealed that for a supply chain to be defined as a smart
supply chain, there is need for tracking and tracing system of goods and
services to avoid the loss of inventory in transit or the loss of time in
tracing for a box in the warehouse. One participant indicated that:
For a supply chain to be defined as a smart supply chain, there need for a
tracking and tracing system that can help in the tracking of inventory in

transit through the use of GPS and TechFarm has the best tracking system
for goods in transit.

The findings revealed that there a need for a good tracing and tracking
system in the supply chain to reduce the issue of time lost during the
tracing of boxes. One participant said:

Much of the time in the traditional supply chain was lost in the tracing and

tracking of goods in the warehouse as there was no system to track the loads

of boxes stacked in the warehouse. Now with the use of smart supply chains

tracing and tracking of boxes in the warehouse is now easy as there is now

the use of barcode tracking in the supply chain and the bar code tracing can

define a smart supply chain.

The study showed that for the supply chain to be defined as a smart
supply chain, there is a need for the automation of tracking system using
robots that are computerised to trace and track the inventory. One
participant said:

For a supply chain to be intelligent, it needs to include automation of the

tracking and tracing system and this is done through the use of robots that

are computerised to know where to find the goods and services. This also

helps the supply chain against industrial action induced delays. As TechFarm

we are striving to create a robot-based supply chain tracking and tracing

system in the near future.

The study revealed that for a supply chain to be defined as a smart
supply chain, there is need for an intelligent tracking system that can
track inventory and minimise time lost in the process of tracing for the
goods.

DISCUSSION

The use of smart supply chain management comes with the use of loT and
this can be used to define intelligent supply chain management as
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everything within this supply chain is connected to the Internet. This
model of supply chain is intelligent and can be implemented in the
manufacturing sector in Zimbabwe as it is time effective in locating and
picking the inventory. In support of these findings are Oner et al. (2017),
who observed that a warehouse framework based on RFID can track work-
in-progress and inventory, and improve picking and receiving goods. The
findings indicated that an intelligent supply chain is defined by the
automation of processes using robotics and other machines to minimise
loss of products through human error in the handling of goods in the
warehouse.

This model of automation can be adopted for the modelling of warehouse
infrastructure in the Zimbabwean manufacturing industry to avoid the
loss of products due to human error in the inventory handling process. In
agreement with these findings, Skerlic (2017) observed that manual
warehouse operations involved errors during the inventory control and
picking process and there was need to ensure that quality and safety in
the smart supply chain warehousing has technical systems that reduce
the margin of human error. There is need to avoid these errors in the
manufacturing sector in Zimbabwe if the manufacturing industry is to be
revitalised and take centre stage again in the region and the continent of
Africa. The findings indicated that a smart supply chain can be defined by
mechanisation and automation of the processes which can also be said of
the model of warehouse systems that develop based on automation to
reduce the cost of labour.

The manufacturing sector in Zimbabwe can adopt a warehouse
infrastructure that is intelligent. With automated machines like robots to
reduce the cost of labour, this can also reduce downtime due to
industrial strikes and breaks. These findings are in line with Hamdy and
Mostafa (2020), who observed that the use of intelligent supply chains is
critical in achieving inventory control, increasing efficiency of the
operations, enhancing warehouse utilisation, reducing manpower,
reducing loading time and increasing inventory accuracy. These
intelligent supply chains and warehousing can also be dangerous for
developing countries with high unemployment rates as the adoption of
these smart machines signifies loss of jobs for individuals within the
manufacturing industry due to the reduction of dependence on
manpower.
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The development of an intelligent warehouse can be a step in the right
direction for the manufacturing industry in Zimbabwe as it reduces the
loading time and increases inventory accuracy. The findings indicated
that the adoption of a smart supply chain can lead to the use of
warehouse infrastructure as areas of value-added services. This can be a
step in the right direction for the manufacturing industry in Zimbabwe as
beneficiation has remained the missing piece on Zimbabwean products.

There is need for smart warehouse infrastructures that are allow value
addition processes. These findings are again supported by Hamdy and
Mostafa (bid.) who observed that the use of intelligent supply chains is
critical in achieving, increasing efficiency of operations, enhancing
warehouse utilisation in value-added services allowing firms to produce
customised and finished goods. The findings indicated that the traditional
warehouse infrastructure is responsible for 30% of GHG emissions Malik et
al. (2019). Therefore, the development of smart sustainable warehouse
infrastructure becomes important in Zimbabwe as the country is part of
the global effort to reduce climate change. The direct emission created
during various warehousing processes such as storage, goods
consolidation, distribution and transporting cargo, has been ion the
increase in recent times (Chuah et al., 2022).

There is need to reduce the rise in the emission of GHGs hence the
development of smart and sustainable warehouse infrastructure models.
The findings indicated that the smart warehouse models must have
barcode tracking systems and technologies that allow for the location of
goods with ease. This can be useful in the manufacturing industry in
Zimbabwe as it allows the location of inventory in no time, especially for
those dealing in e-commerce. Consistent with the findings are van Geest
et al. (2022), who postulated that the introduction of the barcode
enables real-time warehouse management systems and automation, with
the addition of technologies like near-field communication (NFC), radio-
frequency identification, global positioning systems (GPS), wireless
sensor network, WiFi and robotics, has changed the warehousing system
in reducing manpower costs. These technology-based models of
warehouse infrastructure are cost-effective as they reduce manpower
due to the use of automated machines.
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CONCLUSION AND RECOMMENDATIONS

In conclusion, Industrial Revolution 4.0 has become an eminent revolution
sweeping across the world, spurred on by the need to reduce climate
change and practise sustainable development. There is need for the
development of intelligent and sustainable warehouse infrastructure
models. This article summarises the definition of an intelligent supply
chain as a supply chain that is based on the Internet of Things and the
automation of services to reduce waste and the impacts of manufacturing
on the environment.

RECOMMENDATIONS

= There is need for the development of smart models of warehousing to
achieve environmental justice using sustainable infrastructures.

= There is need for the government to lead the development of the
models of smart warehouse infrastructures in Zimbabwe.

» There is need for models of smart technologies that will be
compatible with the current employment indices and protects
people’s jobs as unemployment is already high.

= There is need to prioritise environmental justice by creating smart
models of warehouses that do not emit greenhouse gases.

» There is need for the creation of a smart supply chain first to see the
feasibility of smart warehousing.
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