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Abstract:

Purpose: This paper examined supply chain disruptions in the manufacturing industry in South Africa and
how additive manufacturing technology was used to help deal with disruptions encountered.

Design/methodology/approach: The study adopted a qualitative research approach in order to meet
the objectives of the study. A total of ten (10) managers of conventional manufacturing firms and ten (10)
managers of 3D printing firms in Free State, South Africa participated in the study through the use of a
purposive sampling technique. Interview guides were used in the collection of data. Data transcriptions
and thematic analysis were used to analyze data gathered from the interviews.

Findings: The results of the study showed that 3D printing contributed positively in dealing with
manufacturing disruptions that were encountered by manufacturing firms in Free State, South Africa
through the production of components and spare parts that were broken down in manufacturing
machinery/plants. From the study, the researchers recommend that 3D printing technology should be
adopted by manufacturing firms because of its practicality in providing manufacturing support and
production continuity even in supply chain disruptive expetiences caused by pandemics such as Covid-19.

Originality/value: The study proves that due to the versatility of the 3D printing technology it could be
used to minimize the effect of supply chain disruption during cries such as the Covid-19 pandemic. One
of the unique contributions of the current study is the realization that additive manufacturing was not of
much relevance to the generic supply chain challenges encountered in supply chain activities, but rather
very relevant in helping to prevent disruptions of the manufacturing process by improvising spare parts at
the peak of the Covid-19 pandemic.
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1. Introduction

The current impact of Covid-19 on supply chains is very drastic (Khairallah, Anderson, Rubenchik & King, 2016).
Covid-19 has adversely affected the manufacturing sector by causing supply chain disruptions in the activities of
manufacturing firms (pwc, 2020). Manufacturing firms were negatively affected especially in terms of their
production (Alkahtani, Omair, Khalid, Hussain, Ahmad & Pruncu, 2021). As a result of lockdowns and the closure
of country borders, most manufacturing firms were entangled with the challenge of getting access to raw materials
for production in real-time (Alkahtani et al., 2021). As raw materials were delayed, it brought about delays in the
entire production process for manufacturing firms (Kapparashetty, 2020). Apart from the production delays, the
lack of accessibility to raw materials for manufacturing firms also contributed to disruptions in the entire
manufacturing process which therefore made it difficult for most manufacturing firms to meet the needs of their
customers (Kapparashetty, 2020).

Another challenge that was encountered by manufacturing firms is the increased production costs (Butt, 2021).
The increased production cost was a result of shortages in raw materials for production. This is because
shortages in raw materials brought about increases in the prices of raw materials. As a result of lockdowns and
closure of borders in most countries, some manufacturing firms had to find other alternatives for getting raw
materials to their production sites at extra costs which also contributed to increased production costs (Butt,
2021; Kumar, Luthra, Mangla & Kazancoglu, 2020). Another contributor to the increased production costs for
manufacturing firms was the extra costs that they had to incur in ensuring that the raw materials used are
propetly sanitized to prevent any kind of infections (Rahman, Taghikhah, Paul, Shukla & Agarwal, 2021).
Moreover, manufacturing firms had to incur extra costs in terms of ensuring that the production environment is
safe by disinfecting production machinery on regular basis, providing employees with Personal Protective
Equipment (PPEs), and also creating avenues for Covid-19 protocols to be duly observed during the production
process (Rahman et al., 2021; Aday & Aday, 2020).

In some circumstances, some manufacturing firms had to invest in robotic technology and artificial intelligence in

order to reduce the level of human-to-human interactions during the production processes and all of these came at
extra costs, thereby increasing the overall production costs of manufacturing firms (Wang & Wang, 2021). The
Covid-19 pandemic also brought about disruptions in the production processes of most manufacturing firms due
to the breakdown of machinery and the inability of manufacturing firms to import spare parts from their original
suppliers (Rapaccini, Saccani, Kowalkowski, Paiola & Adrodegari, 2020). Breakdown in machinery and the
unavailability of spare parts to continue the manufacturing process further led to low productivity of
manufacturing firms and also a decrease in the speed of production of final products to the end users (Aday &
Aday, 2020; Rapaccini et al., 2020).

Additionally, Alkahtani et al.,, (2021) found a decrease in labor supply, an increase in the risk premium, and an
increase in production costs in all sectors as supply-side impacts of the Covid -19 pandemic. Covid-19 has had a
major impact on the management of global value chains. The introduction of tighter export restrictions by some
major economies that are experiencing a shortage has also contributed to the rise in prices (Kapparashetty, 2020,
Kapoor, Bigdeli, Dwivedi & Raman, 2021).

Due to the fact that the Covid-19 pandemic made it difficult for manufacturing firms to have access to raw
materials due to travel and border restrictions, it was important for them to devise an alternative means of having
access to these raw materials (UNCTAD, 2020a). Since there were intense difficulties in sourcing raw materials from
foreign suppliers, some manufacturing firms had to rather source their raw materials from local suppliers (Butt,
2021; UNCTAD, 2020b). Sourcing raw materials from local suppliers helped some manufacturing firms to have
access to raw materials in real time to prevent delays in their production processes and also save costs associated
with the non-accessibility of raw materials for production purposes (Butt, 2021; International Labor Organization,
2020). Sourcing from local suppliers helps manufacturing firms to reduce three types of costs. First, it helps
manufacturing firms to reduce transportation costs associated with sourcing their raw materials from foreign
suppliers. Second, manufacturing firms also save costs associated with the storage of raw materials that will spend
longer days/months at the ports due to the restrictions at the borders. Third, manufacturing firms save costs
assoclated with delays in production due to delays in accessibility of raw materials that have a negative impact on
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their productivity and profitability (Rapaccini et al., 2020; Nicola, Alsafi, Sohrabi, Kerwan, Al-Jabir, Iosifidis et al.,
2020).

Product diversification was also a key response to help manufacturing firms to deal with their production
challenges during the Covid-19 pandemic (Fisher-Ke, Otto & Han, 2022; Attah, 2021). Product diversification
became important due to the demand uncertainty for most manufacturing firms. This is because, as people were
constantly focused on following safety protocols to help them stay healthy and refrain from contracting the
Covid-19 virus, it became extremely difficult for manufacturing firms to produce to meet the demand of
consumers (Fisher-Ke et al., 2022). In order for some manufacturing firms to survive, they had to develop the
capacity to produce products that were in high demand, especially at the peak of the Covid-19 pandemic such as
nose masks, face shields, hand sanitizers, and other PPEs that could be used by people to prevent themselves
from contracting the Covid-19 virus (Fisher-Ke et al, 2022; Harapko, 2021). As part of the product
diversification strategy, most manufacturing firms adopted the differentiation strategy by producing different
types of safety kits and PPEs for the new market of consumers who were eager to protect themselves from
contracting the Covid-19 pandemic (Lin, Fan, Shi & Fu, 2021). Apart from manufacturing firms diversifying
their products to help mitigate the Covid-19 pandemic, some of these manufacturing firms drastically reduced
the prices of these PPEs to make them more affordable to the ordinary person to afford, thereby adopting the
cost leadership strategy. Some of the manufacturing firms also adopted the focus strategy by giving credence to
specific geographical locations where the Covid-19 pandemic had been at its highest peak (Lin et al, 2021;
Nkhata & Mwenifumbo, 2020).

The adoption of Additive Manufacturing (AM) which is colloquially known as 3D printing technology also became
one of the strategies used by manufacturing firms to deal with supply chain disruptions in their production
processes as a result of the Covid-19 pandemic (Dzogbewu, Jnr, Amoah, Fianko & de Beer, 2021). Additive
manufacturing is a layer-by-layer method of producing three-dimensional (3D) structures (Dzogbewu & du Preez,
2022). It is considered a renaissance of the manufacturing industry and has the capability of manufacturing 3D
structures with tailored geometrical configurations for a particular industrial application (Arora, Arora, Kumar &
Pant, 2020).

3D printing technology is said to have a competitive advantage compared to classical manufacturing methods due
to its layer-wise manufacturing strategy (Dzogbewu, Amoah, Fianko, Afrifa & de Beer, 2022). The layer-wise
manufacturing process based on a 3D CAD (Computer-aided design) model permits the addition of material to
produce 3D structures instead of removing waste material in different steps as used by the conventional methods
of manufacturing (Dzogbewu et al., 2021). The additive manufacturing or 3D printing technology process is
considered an eco-design topology optimization process of manufacturing near-net-shapes that eliminate the
assembling steps of components, avoid waste of manufacturing materials, reduce the time spent on manufacturing,
improve performance reliability, promote weight reduction, and less fuel consumption leading to sustainable
development at a lower cost (Dzogbewu, Monaheng, Yadroitsava, Du Preez & Yadroitsev, 2017).

The agility of additive manufacturing technology becomes more pronounced during the zenith of the Covid-19
pandemic (Dzogbewu et al, 2021). The current research would therefore examine its resilience in the
manufacturing industry in the Free state province of South Africa. This is because South Affrica is the leading
additive manufacturing country on the African continent and the Free state province is known as the additive
manufacturing hub; due to the intense ongoing research and commercial production of 3D components for
various industrial applications in the province (CRPM, 2021; CSIR, 2020).

2. Supply Chain Resilience and Additive Manufacturing Technology

Supply chain resilience is the ability of a firm to bounce back from disruptive situations. More specifically, supply
chain resilience characterizes the systems’ adaptive capability to tolerate temporary disruptive events (Belhadi,
Kamble, Venkatesh, Chiappetta-Jabbour & Benkhati, 2022; Mckinnon, 2020). Prior studies pointed out that in the
case of alternative suppliers, design information substitutability and portability were required by firms to improve
supply chain resilience capability (Belhadi et al., 2022). From the organizational petrspective, supply chain resilience
is defined as the organizational capacity or ability to facilitate available operational resources to cope with internal
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and external shocks (Spieske & Birkel, 2021; Dominic-Essuman, Boso & Annan, 2020). Thus, supply chain
resilience refers to the behavioral responses of firms, national economies, and systems in the contexts of social and
economic risk events such as pandemics (Spieske & Birkel, 2021). As a part of a business continuity strategy, supply
chain resilience prepares firms with the capacity to cope with and recover from disruptions to the original state of
operations (Ali, Suleiman, Khalid, Tan, Tseng & Kumar, 2021). It reflects an organization’s ability to survive, adapt,
respond, recover, and grow when confronted with change and uncertainty in the business environment (Ali et al.,
2021; Pereira, Christopher & Lago da Silva, 2014). Researchers also view supply chain resilience as a dynamic
capability when founded on the ability to manage disruptions and events to increase the speed of recovery to its
original state (Ozdemir, Sharma, Dhir & Daim, 2022).

Additive manufacturing (AM) technology was more resilient in a situation like the Covid-19 pandemic (Spieske &
Birkel, 2021). This is because, despite lockdowns and travel bans, employees from AM firms could still design
objects for their customers and share such designs using cloud platforms and then get them printed in their floor
factories in real-time (Spieske & Birkel, 2021). As the Covid-19 pandemic became more severe and shortages in
medical supplies became a key problem to deal with, the 3D printing firms as a result of the 3D technology
engaged in the design of medical goggles, face masks, medical ventilator valves, breathing masks, among others
which were later printed using 3D printing machines as a way of helping to deal with the control of the Covid-19
pandemic (Dzogbewu et al., 2021). The digital capacity of 3D printing technology makes it a key advantage over
traditional manufacturing which relies on employees and raw materials which are supposed to be processed in
production plants before finished goods can be transported to end users (Dzogbewu et al., 2021).

The short manufacturing time that the AM technology takes to come out with finished products also provides a key
supply chain resilient feature in circumstances such as the Covid-19 pandemic (Ambrogio, Filice, Longo &
Padovano, 2022). The final manufacturing time for AM products takes a few days to complete (Ambrogio et al.,
2022). The AM manufacturing process provides the opportunity of preparing even the most non-standard and
hardly available custom-made elements in a short time. AM technology allows parts to be made where and when
they are required, without very expensive moulds (Dzogbewu, 2020).

Decentralized manufacturing is another useful supply chain resilient feature of the AM technology (Basu,
Abdulrahman & Yuvaraj, 2022). This is because, when AM entities share digital models over the internet, it creates
an international Internet of Things (IoT) for 3D manufacturing that breaks down geographical barriers and enables
local production in real-time (Basu et al,, 2022). Furthermore, improving production efficiency is made possible by
the cloud manufacturing platform. There are many other digital models of personal protective equipment (PPE)
available as a result of using 3D printing technology (Basu et al., 2022).

The AM manufacturing strategy also helps to maintain continuity in production and this may occur in the case the
supplier of a part fails (Belhadi et al., 2022). Such a situation exposes companies to financial losses which may grow
with time, when awaiting a replacement. Finding a new local supplier, in a crisis situation, can be a big challenge
(Dartnell & Kish, 2021). Therefore, AM was used to produce spare parts to ensure continuity in production. This
reduces downtime due to missing parts. Owing an AM machine is a perfect alternative for fast access to spare parts
needed for the operation of a given device or the whole engineering line (Dartnell & Kish, 2021).

Many components used in machines and devices can be replaced by 3D-printed parts. The use of
high-performance 3D printing materials such as PEEK, ULTEM, or PC allows the manufacturing of parts that
have very good mechanical properties (Profili, Brunet, Dubois, Groenhuis & Hof, 2021). Parts from these filaments
can be chosen as metal parts replacement. In case the supplier of spare parts runs out of stock, 3D printers can be
used to produce customized spare parts for organizations to use (Bezek, Pan, Harb, Zawaski, Molla, Kubalak et al.,
2021).

3. Methodology

This study adopted the qualitative research design. The choice of the qualitative research design was justified on
the premise that the researchers sought to gain an in-depth understanding of how 3D printing technology
helped manufacturing firms to build supply chain resilience as a result of supply chain disruptions that affected
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the production process of manufacturing firms in South Africa during the peak times of the Covid-19 pandemic.
The population of the study comprised both 3D printing firms and conventional manufacturing firms located in
Free State, South Africa. Due to the qualitative nature of the study, the researchers selected managers of ten (10)
3D printing firms and also managers of ten (10) conventional manufacturing firms in Free State, South Africa.
The total sample size for the study was therefore twenty (20) participants from both 3D printing firms and
conventional manufacturing firms located in Free State. Structured interviews served as the data collection
instrument. The structured interviews were designed with the motive of achieving the objectives of the study.
Data gathered from the structured interviews were analyzed through data transcriptions and identification of
themes.

4. Results

According to the result from table 1, majority of the respondents were males as they constituted 70% while females
constituted 30%. Regarding the age of respondents, it was found that most of the respondents were between the
ages of 25-35 years as they constituted 40%, 25% were between the ages of 35-45 years, 20% of the respondents
were less than 25 years while 15% of the respondents were more than 45 years. Regarding the educational level of
respondents, it was found that 75% have attained their first degree, while 25% have attained their masters’ degree.
In terms of industry type, 50% of respondents ate from 3D printing firms while another 50% ate also from
manufacturing firms in Free State, South Africa.

Gender Frequency Percentage (%)
Male 14 70
Female 6 30
Total 20 100
Age Frequency Percentage (%0)
Less than 25 years 4 20
25-35 years 8 40
35-45 years 5 25
More than 45 years 3 15
Total 20 100
Educational Level Age Frequency
First Degree 15 75
Masters/Postgraduate 5 25
Total 20 100
Industry type Age Frequency
3D printing firm 10 50
Manufacturing firm 10 50
Total 20 100

Table 1. Demographic Data of respondents

4.1. How 3D Printing Helped Solve the Problem of Production Disruptions During the Covid-19
Pandemic

The following themes were identified by the researchers based on the responses on the subject matter of how 3D
printing technology helped to solve the problem of disruptions in the production process of manufacturing firms
during the peak times of the Covid-19 pandemic in South Africa.

4.1.1. Production of Components and Spare Parts

According to the respondents, the adoption of 3D printing technology by manufacturing firms in Free State, South
Africa enhanced continuity of the manufacturing process. The respondents explained that, during the peak times
of the Covid-19 pandemic, it was impossible to import original components and spare parts of manufacturing
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plants/machinery used in the production process and so 3D technology was able to support them accordingly in
that regard. Respondents were quoted in this manner:

“The Covid-19 really disrupted the mannfacturing process. However, by the nature of 3D printing technology it came in handy. We
were able to produce components and spare parts that we need to keep our manufacturing process ongoing”.

“The lockdowns made it impossible at the time for us to contact onr main suppliers to ship the spare parts of the broken machinery
to us, so we bad to quickly get 3D experts to come in and they really helped us to get the spare parts and by that production
continued”.

T would say that, without 3D printing we will be out of business. 1t was very frustrating for us at the peak times of the Covid-19
pandenric to produce some of the PPEs to help support the fight against Covid-19. With the breakdown of fey parts of our machinery
that was impossible. 1 was impressed with 3D technology becanse the CAD designers produced wonderful designs and we had the option
to choose what e wanted and that really belped to get onr business back on track’”.

“T will say that withont 3D printing technology, most manufacturing firms in Free State South Africa wonld have collapsed becanse
there was excessive pressure on our machinery which led to a lot of breakdowns here and there. However, the 3D technology came to
solve a major problem for all of us by helping to get 3D printed spare parts that fit into our machinery to enhance production”.

4.1.2. Rapid Adoption of Hybrid Technology

From the responses that were given, the researchers inferred that although conventional manufacturing is still being
used by most manufacturing firms, the disruptions in the manufacturing process due to the breaking down of parts
of manufacturing plants that could not be replaced through imports from the original sources, compelled most
manufacturing firms to adopt a hybrid technology rapidly. Thus, by the hybrid technology, manufacturing firms
combined their conventional manufacturing with 3D printing technology in order to have the capacity to produce
and replace spare parts for machinery especially in the train industry and mining industries in Free State, South
Africa. Respondents explained as follows:

“Tnn Free State, institutions such as Centre_for Rapid Prototyping and Manufacturing (CRPM) collaborated with Center of Scientific
and Industrial Research (CSIR) to use hybrid technology to provide components/ spare parts for broken down parts of machinery and
manufacturing plants for a lot of manufacturing companies in order to keep their production processes ongoing since it was inmpossible for

these manufacturing firms to get the original spare parts through importation as a result of the travel restrictions during the peak times
of the Covid-19 pandemic’.

“T mmust say that the adoption of hybrid technology among manufacturing firms in Free State became so important because changing the
entire manufacturing process to 3D printing technology alone was going to be very difficult for a lot of the manufacturing firms because
of the technicalities involved and also the cost implications. The hybrid technology therefore served a good purpose of enbancing efficient
manufacturing processes in such a critical time like the Covid-19 pandemic”.

“Tnn onr case, we really had no option but to integrate the 3D technology into our conventional mannfacturing process. This is because, the
3D printing technology helped us to maintain our machinery by printing spare parts for us in real-time while continually going by onr
conventional manufacturing for the production of products for our clients”.

“I think that, we did not really have the time to change onr entire manufactnring process to 3D printing technology and so we thought of
hybrid technology in other for us to harness the benefits associated with the 3D printing technology. In fact, the adoption of the hybrid
technology even helped us to produce PPEs to support most hospitals in Free State as our contribution to the fight against Covid-19 in
South Africa’.

Figure 1 shows some of the tooling components which was produced using both additive manufacturing and
conventional manufacturing techniques. These components were used to produce PPE during the Covid-19
pandemic. The PPE was intended for use by medical personnel who were on the front lines fighting the
pandemic in Free State, South Africa. Figure 2 shows a 3D printed tooling insert as placed inside a
conventionally machined tooling bolster. These components were used to injection mould to produce some of
the PPE components.
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Figure 1. Hybrid tooling used for the production of PPE during the Covid19 pandemic (courtesy Advanced
Manufacturing Unit: PDTS). A: 3D Printed tooling insert. B: Conventionally machined tooling component

Figure 2. 3D printed tooling inserts (A) inside a conventionally machined tooling bolster
(courtesy Advanced Manufacturing Unit: PDTS)

4.1.3. Flexibility in Manufacturing Process

From the responses, it could be deduced that 3D printing technology helped to make the production process of
manufacturing firms more flexible due to the support it provided in producing spare parts for broken down parts
of manufacturing machinery/plants during the peak times of the Covid-19 pandemic. The respondents further
explained that the ease of use of the CAD model, made it possible for 3D printing technology to produce even
complex spare parts with ease to support the production process of manufacturing firms in Free State, South
Africa. Some respondents were quoted in this manner:

“By the very nature of 3d printing, it is more flexible technology as compared to most conventional technology. Due to the use of the
CAD model, it can be used to produce complex: components with ease. It is tailored technology that can help to produce any shape with
ease without a complex: tooling process as in conventional manufacturing methods. There is normally no major post-processing process as
in the conventional methods which markes the 3D printing technology more flexible and easier to use technology”.

“The 3d printing technology was used to ensure the production of most manufacturing firms did not come to a halt. Components that
were breakdown and conld not be procured outside the country were produced using 3D printing or a hybrid manufacturing process. The
3D printing really makes it possible for most mining companies to remain in business since almost every broken-down component conld
be produced immediately. In some cases, CAD files of broken parts spare parts were sent via the internet to be printed by a 3D
company for a conventional manufacturing conpany to continue with their manufacturing process”.

“The very nature of 3D printing is flexible; in that it allows for many different iterations of a single part to be produced at once.
Resulting in production companies being able to analyze and compare product iterations in a very short space of time”.

“Inn terms of hybrid manufacturing, 3D printing has really proven to be versatile in that 3D printed components can seamlessly be
introduced into a manufacturing space”.
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5. Discussion of Findings

This section discussed the results of the study by linking it up with relevant literature. From the results of the study,
3D printing contributed positively in dealing with manufacturing disruptions that were encountered by
manufacturing firms in Free State, South Africa through the production of components and spare parts that were
broken down in manufacturing machinery/plants, rapid adoption of hybrid technology and also ensuring flexibility
in the manufacturing process. The findings of this study were unique when compared to the literature. This is
because the literature on supply chain resilience strategies focused more on the benefits of 3D technology to 3D
printing firms and not necessarily the interventions provided by 3D printing firms to deal with disruptions
encountered in the production processes of manufacturing firms.

For instance, literature stipulated that 3D printing technology enabled CAD designers of 3D printing firms to
design objects for clients and use cloud platforms to send their designs to 3D factories in real-time (Spieske &
Birkel, 2021). Again, the literature also talked about the efficiency of 3D printing technology in producing finished
goods in real-time. For example, according to Dzogbewu et al. (2022), the final manufacturing time for 3D printing
products takes a few days to complete with daily capacities of over one hundred. 3D printers provide the
opportunity of preparing even the most non-standard and hardly available custom-made elements in a short time.
Furthermore, literature talked about decentralized manufacturing as a supply chain resilient feature of 3D printing
technology. This is because, when 3D printing entities share digital models over the internet, it creates an
international Internet of things (IoT) for 3D manufacturing that breaks down geographical barriers and enables
local production in real-time (Ambrogio, 2022). Furthermore, improving production efficiency is made possible by
the cloud manufacturing platform.

The aspect of the study which was in congruence with the literature was the use of 3D technology to help in
maintaining continuity in production through the production of spare parts for manufacturing firms. The literature
explained that the failure of suppliers outside the country to provide spare parts to manufacturing firms can have
financial implications on their production process and also the difficulty in finding a local supplier of the spare parts
makes the adoption of 3D printing technology a good measure to ensure continuity in the production process. Many
components used in machines and devices can be replaced by 3D-printed parts. The use of high-performance 3D
printing materials such as PEEK, ULTEM, or PC made it possible to manufacture parts with that have very good
mechanical properties (Profili et al, 2021). What is more, parts from these filaments can be chosen as metal parts
replacement. In case the supplier of spare parts runs out of stock, 3D printers can be used to produce customized
spare parts for organizations to use (Bezek et al,, 2021). This study, therefore, remains unique in its findings because it
found two interventions that are different from what exists in literature which are the rapid adoption of hybrid
technology and also flexibility in the production process as a result of adopting 3D printing technology.

6. Implications

The study was conducted to assess the role of 3D printing in dealing with supply chain disruptions encountered by
manufacturing firms in Free State, South Africa as a result of the Covid-19 pandemic. From the study, it could be
deduced that 3D printing was not of much relevance to the generic supply chain challenges encountered in supply
chain activities of manufacturing firms such as the difficulties in having access to raw materials. Rather, 3D printing
technology was most relevant in helping to deal with production disruptions that were encountered by
manufacturing firms during the Covid-19 pandemic as a result of breakdowns of components of manufacturing
machinery/plants. The study also deduced that, apart from the use of 3D printing technology in producing spate
parts for manufacturing machinery/plants, it also contributed to the adoption of hybrid technology (combination
of 3D printing and conventional manufacturing technology) to enhance production continuity among vatious
manufacturing firms, especially in the train and mining firms. Also ensuring flexibility in the manufacturing process
is another intervention worth noting in the adoption of 3D printing technology among manufacturing firms during
the peak times of the Covid-19 pandemic.

From the study, the researchers recommend that 3D printing technology should be adopted by manufacturing
firms because of its practicality in providing manufacturing support and production continuity even in supply chain
disruptive experiences caused by pandemics such as Covid-19.
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The study also recommends the need for managers and owners of manufacturing firms to get the expertise to help
them integrate 3D printing technology with their conventional manufacturing technology to enhance production
continuity even amidst disruptive circumstances such as the Covid-19 pandemic.

The study recommends the need for future researchers to explore further to understand the factors that influence
the decisions of owners and managers of manufacturing firms in their adoption of 3D printing technology alone
ot hybrid technology in the provision of spate parts for broken components of manufacturing machinery/plants.

7. Conclusions

This study examined supply chain disruptions in the manufacturing industry in South Africa and the role played by
3D printing technology in dealing with the disruptions identified. Based on the findings of the study, the
researchers conclude that 3D printing technology positively intervened in the production process of manufacturing
firms in the Free State, South Africa. The adoption of the hybrid technology which combined both 3D printing
with conventional manufacturing was also appropriate for ensuring that malfunctioning machinery were replaced
with customized spare parts through 3D printing technology and also hybrid technology. Due to the agility
provided by AM manufacturing process, manufacturing firms that responded to the challenge posed by the
Covid-19 pandemic were able to stay afloat during the pandemic and serve its ice hands.
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