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Artificial Intelligence (AI) has attracted extant literature devoted to different subjects, including healthcare. Al

Almeida studies within healthcare, however, have focused extensively on medical diagnosis, operations, and prescription,

to the neglect of supply chain management (SCM). To bridge this research gap, we draw on corporate social
Keyword.;: ' responsibility (CSR) as a theoretical lens to explore how an Al-enhanced medical drone application in Ghana’s
Sustainability

healthcare supply chain (HSC) improves the HSC system and contributes to sustainable development. The data
for this study is collated through documentary and an in-depth semi-structured interviews from the world’s
largest medical drone programme in Ghana. Findings indicate that an Al-enhanced medical drone application in
HSC contributes significantly to the host country’s HSC and sustainable development goals (SDGs) with
particular emphasis on climate (SDGs 3, 8 & 13). The SDGs are achieved through the reduction of carbon
emission with carbon and noise-free drones in the delivery of emergency medical products to healthcare centres.
Furthermore, by adopting the use of medical drones in the HSC system, society’s socio-economic situations are
improved through the reduction of mortality rates and may lead to the provision of better social and economic
lives for the citizenry. Moreover, the medical drones contribute to the long-term corporate sustainability of the
implementing firm.
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1. Introduction capabilities in an incremental manner (Chang, 1996). This suggests that

AIT will continue to be trendy in the coming years, since it offers a

Extensive evidence suggests that investment in artificial intelligence
technology (AIT) is going to be the solution to sustaining development
(SD) worldwide, as it is an important driver of productivity and eco-
nomic growth (Lega et al., 2013; Moskwa, 2016). For instance, a recent
report shows that the sustainability of the US economy and national
security hinges on AIT (science and technology report, February 2019) L
hence, to a large extent, many countries’ sustainable development
prospects could be tied to AIT investment.

Furthermore, existing evidence suggests that organisations are now
positioning themselves to respond to institutional pressures from AIT
investment prioritisation (Rakovska and Stratieva, 2018). The urgent
drive to invest in AIT, mainly through firms could be motivated by an
agency theory perspective — the control of markets through accurate
positioning for efficiency (Jensen, 1986) and the extension of firms’
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competitive advantage within the marketplace and for government in-
stitutions pursuing efficiency and SD. Consequently, the AIT investment
trend is attracting fast-paced growing attention among the media, or-
ganisations, and academics (Lega et al., 2013; PwC, 2018; Rakovska and
Stratieva, 2018).

Therefore, it is not surprising that the past two decades have wit-
nessed a significant rise in AIT applications in human endeavours. One
prominent area of Al application is within healthcare delivery systems
(Ramesh et al., 2016; Hassanzadeh et al.,, 2019; Jemai et al., 2020),
where Al is transforming the sector (PwC, 2018). As a result, extensive
studies have been devoted to the discussion of AIT and healthcare de-
livery; however, the growing literature in this area, indicates that re-
searchers have focused extensively on managing healthcare database,
medical diagnosis, operations, and prescriptions (Shiraishi et al., 2011
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Hamet and Tremblay, 2017; Mavrogiorgou et al., 2019) to the neglect of
SCM - an important element in the healthcare delivery. This study
bridges this knowledge gap by focusing on the SCM.

Adopting AIT in the HSC system is considered a sure way forward in
enhancing efficiency in the supply chain network of medical supplies
(Zhang et al., 2017; Klumpp, 2018). An important argument put forth by
Lega et al. (2013) is that technology application (such as Al) in supply
chain network improves supply chain efficiency by reducing cost and
waste. Similarly, Rakovska and Stratieva (2018) argue that Al applica-
tion in the supply chain system (SCS) improves the structure by facili-
tating the SC system. Based on the important role that AIT plays in SCM,
the present research assesses how an Al-enhanced medical drone
application in healthcare SCS impacts sustainable development (SD). We
use a medical drone as an example of Al because drones, which are also
known as Unmanned Aerial Vehicles, use high levels of Al applications
(Giones and Brem, 2017; Mairaj et al., 2019), and as such, offer a classic
example of the application of Al in human activities.

We also focus on how medical drone usage in the HSC impacts SD,
which is described as development that meets the present, and future
generational needs (Petrikova, 2014; Hummel and Argyrou, 2021). This
being because drones offer an opportunity to empower citizens to
develop and improve their lives and the environment.

We draw on the world’s most extensive and significant national
medical drone programme, which is in Ghana (Bright, 2019; Lamptey
and Serwaa, 2020), as a case study to explore the impact of medical
drones in a HSC system geared towards SD. Being the largest and most
extensive commercial medical drone programme at a national scale
means that it also offers an excellent empirical context from which
findings could be used to understand similar programmes in the future.

Our findings indicate that an Al-enhanced medical drone application
in HSC contributes significantly to the host country’s HSC and sustain-
able development goals (SDGs) with particular emphasis on climate
(SDGs 3, 8 & 13). The SDGs are achieved through the reduction of
carbon emission with carbon and noise-free drones in the delivery of
emergency medical products to healthcare centres. Furthermore, by
adopting the use of medical drones in the HSC system, society’s socio-
economic situations are improved through the reduction of mortality
rates and may lead to the provision of better social and economic lives
for the citizenry. Moreover, the medical drones contribute to the long-
term corporate sustainability of the implementing firm.

This research contributes to Al, HSC and SDGs in several ways. First,
the findings show that contrary to the views held by researchers which
suggest that cutting-edge technologies (such as Al) are inappropriate in
developing countries due to the infrastructural deficit (Eckaus, 1987;
Kaplinsky, 2011), the medical drones that operate with high levels of Al
technology are appropriate and applicable in developing country
context.

Second, unlike prior studies on Al application in healthcare delivery
that focused on medical diagnosis, prescriptions, and operations (Shir-
aishi et al.,, 2011; Fazal et al., 2018; Hassanzadeh et al., 2019), this
study, for the first time, focused on SCM. Therefore, providing an
important dimension to the AI debate in the context of healthcare
delivery.

Third, by exploring how Al-enhanced medical drone applications
contribute to SDGs, we contribute to the opening of the “black box” of Al
(Desouza et al., 2017) in the context of healthcare supply chain man-
agement and sustainable development. This will deepen our under-
standing of the critical role that an Al-enhanced medical drones plays in
contributing to numbers 3, 8 and 13 of UN’s SDGs.

Fourth, in the wake of the practitioners and researchers (Lega et al.,
2013; Rakovska and Stratieva, 2018) calls for the adoption of
cutting-edge technology in SC to improve SC systems, this study shows
that Al-enhanced medical drones could be one of the solutions to this
call.

Finally, the study proves that policymakers around the world would
be assured that Al is a worthy cause in supporting the United Nations
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(UN) SDGs (Lamichhane et al., 2020) with reference to the numbers 3
(good health and well-being) and 13 (climate action) of the goals.

The remainder of the paper is presented as follows: the next section
outlines the study’s conceptual foundation. Section three, then, dis-
cusses the theoretical framework underpinning the study, whilst sec-
tions four and five present the research methodology, results, and
discussions. The study’s conclusions are drawn in the final section
through a summary of the findings, implications, contributions, limita-
tions, and future research suggestions.

2. Conceptual foundation
2.1. Artificial intelligence: definition, history, progress and applications

Artificial Intelligence (Al is defined as “a system’s ability to inter-
pret external data correctly, to learn from such data, and to use those
learnings to achieve specific goals and tasks through flexible adaptation”
(Kaplan and Haenlein, 2019, 17). Fazal et al. (2018, 246) defined Al as
an artificial entity capable of solving problems and learning solutions for
new problems.”’ In the main, Al is the ability of machines to carry out
tasks by displaying intelligent, human-like behaviour and the ability of
machines to behave rationally by observing their environment in order
to take actions to achieve sets of objectives (Min, 2010; Russell and
Norvig, 2016; Candi and Beltagui, 2019).

AIT is generally accepted as having started with the invention of
robots. The term “artificial intelligence” is derived from the Czech word
robota, meaning biosynthetic machines used as forced labour (Hamet
and Tremblay, 2017). Historically, the application of AIT in human
activities has been mixed. Some authors trace it to the 15th century
(Moran (2006)), while others trace it to the middle of the 20th century
(Russell and Norvig, 2009); however, modern-day Al was born in 1956,
when researchers and students from Dartmouth College, launched Al at
a conference (McCorduck, 2004).

From the 1990s to date, there has been a surge in Al research,
adoption, and application in several human activities (Dirican, 2015;
Chui, 2017). One area in which the application of Al has increased is in
drone usage. There has been a continuous surge in drone usage in human
activities (including with medical drones) over the past decade,
increasing drones economic market value significantly to the extent that
its commercial value is estimated to rise from $2 to $127 billion between
2016 and 2020 (Moskwa, 2016). Hence, this speaks to the need for a
study into how medical drones improve HSC networks and their impact
on sustainable development.

2.2. When AI technology meets supply chain system

Since the inception and popularisation of SCM, it has often been
described as planning and controlling the materials, information, cash
flows, and logistics activities in an industry (Cooper et al., 1997; Chen
etal., 2019). The SCM activities involve several systems categorised into
three main areas — manual, semi-manual and technology-based. How-
ever, recent advances in technology and the need to be efficient and
environmentally friendly has seen a considerable shift away from
(semi-) manual systems to advanced technology-based systems (Feng
et al., 2018; Rakovska and Stratieva, 2018) to the extent that authors
perceive technology-enhanced SCSs such as Al as the only way to ensure
environmental sustainability (Klumpp, 2018; Jemai et al., 2020).

In response, several organisations are adopting diverse AIT into their
scheme of SCS (Klumpp, 2018; Wang et al., 2019; Jemai et al., 2020).
Though Alin SCS is gradually gaining ground, researchers have not paid
attention to how this contributes to SD. Hence, exploring this subject
area will inform host countries’ recognition of the vital role that AIT
adoption in healthcare SC offers to their sustainable development goals
(SDGs) and the World’s SDGs in general.
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2.3. Sustainable development (SD): socio-economic and environmental
sustainability nexus

SD has become a significant discussion point among world leaders,
especially in the last decade, due to the growing disparities in nations’
development. Some academics have predicted that sustainability will
continue to be a top concern for managers and organisations worldwide
(Jeronimo et al., 2019). To the extent that environmental legislation and
social pressure groups are now compelling organisations to adopt pol-
icies and practices that effectively improve the economic, social, and
environmental pillars of sustainability (Jerénimo et al., 2019). Conse-
quently, governments, organisations and institutions around the globe
have devised strategies for addressing sustainable development con-
cerns (Hummel and Argyrou, 2021). Notable among them, in recent
years, are the SDGs set out by world leaders at the United Nations in
2017 (UN, 2017; Lamichhane et al., 2020).

The goals for SD are multi-faceted and spread across many spheres of
human life (Cobbinah et al., 2015; Moore, 2015), including within
developing countries (see Karuppiah et al., 2021). The ultimate purpose
of SD is to improve humanity’s socio-economic well-being by creating a
conducive environment for citizens to develop their full potential and,
thus, live productive lives (Moore, 2015). It encompasses an integrated
and somewhat intertwined development goal such as protecting the
natural environment, promoting education, production, consumption
and the well-being of citizens (Addison et al., 2015; Coscieme et al.,
2021). Accordingly, sustainable organisational and operational activ-
ities are characterised by environmental, social, and economic objec-
tives (Longoni et al., 2019). This implies that SD can be approached from
different perspectives depending on the SD agenda focus being pursued
(Herath, 2009; Pritchett and Kenny, 2013; Cobbinah et al., 2015).
Drawing on the SD concept, we draw on corporate social responsibility
(CSR) as the theoretical lens for explaining how AIT adoption in
healthcare SCS contributes to SD.

3. Theoretical foundation

The concept of CSR has received divergent views from authors,
including Davis (1973), who describes CSR as the firm’s consideration
of, and response to, issues beyond the narrow economic, technical, and
legal requirements of the firm to accomplish social and environmental
benefits along with the traditional economic gains and to balance the
needs and concerns of various stakeholders fairly. Linking CSR to SD,
Watts and Holme (1999) describe CSR as corporate commitment to
sustainable economic development, employees and their families, and
also to local communities.

Traditionally, CSR is supposed to be voluntary but in recent years,
CSR is no longer about volunteerism. It is rather tied to plans to augment
a firm’s economic prospects. The paradigm shift is premised on the
notion that “real” CSR is intended to make profit for shareholders. As
such, the suggestion that firms should focus on the society, where they
operate, threatens, and weakens the fundamental principles of free en-
terprise and capitalist ideologies (Chang et al., 2017). Furthermore,
opponents of volunteerism of CSR argue that if society deteriorates, an
important structure that supports the firm’s activities will also deterio-
rate and that will negatively impact the firm’s sustainability (Lee, 2008).
This implies that supporting society’s well-being is as important as
supporting the firm’s long-term objectives, existence, and economic
prospects (Baumol et al., 1970).

CSR’s contrasting views suggest that CSR means different things to
corporate managers (Dahlsrud, 2008). Empirical evidence suggests that
there is a relationship between CSR and the economic performance of
firms (Orlitzky et al., 2003; Tan et al., 2015) and as such, CSR should not
only be viewed from just the voluntary perspective but also as a form of
corporate well-being for the firm, thus, affecting the long-term objective
of the corporation. Nevertheless, the central theme that runs through
CSR is that corporations are supposed to bear responsibility for their
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impact on stakeholders associated with their activities. Based on the
above evidence, we argue that the introduction of medical drones im-
pacts the socio-economic and environmental SD goals for local com-
munities, plus the corporate sustainability of the implementing firm.

4. Methodology
4.1. The case study

The Ghanaian medical drone programme was launched in April
2019, to supplement the existing SCS within the public sector healthcare
delivery system (Nyantakyi, 2019). The purpose was to supply emer-
gency and essential medical supplies to healthcare centres across the
country (Sigal, 2019). Specifically, the medical drone programme is
expected to distribute vaccines, blood, and lifesaving medical supplies to
ensure a reduction in death rates relating to childbirth, accidents, and
snakebites (Asiedu, 2019). The company executing the medical drone
programme is Zipline, a San Francisco-based robotics manufacturer and
logistics service provider (Bright, 2019). It is expected that Zipline will
do 600 flights a day using four distribution centres across the country
(Bright, 2019; The Guardian UK, 2019).

The operations of the drone programme involve several sets of
stakeholders, such as healthcare workers and drone operators. The
implementation process starts when a healthcare practitioner (e.g., a
nurse, doctor, or administrator) places an order using a mobile phone to
send a text message to the drone distribution centre, where the desig-
nated medical supplies are kept in an ultra-modern storage facility
(Nuki, 2018). The requested supplies are then packed into a padded box
with a parachute. The box is then given to a drone flight operator, who
then fixes it beneath the drone. The flight operator then sets it up, ready
to fly when aviation clearance is given. After that, a mobile phone with
an app releases the drone to fly to its destination using a military-grade
global positioning system (GPS) to navigate along a pre-programmed
route at a maximum speed of 75mph (Nuki, 2018).

Approximately 5 min to the drone’s destination, a text message is
sent from the distribution centre to the receiving healthcare centre. The
message directs the healthcare practitioner to move to the location
where the supplies will be made. The drone uses onboard sensors to
measure the wind’s speed and direction to determine the best location
for the drop off, before spiralling down to an altitude of 20 ft to release
the supplies (Nuki, 2018). When the drone returns to its point of de-
parture, it lowers a hook that clasps onto a cable that drags it down to
earth, back onto an inflatable landing pad, in a technique often
described as “aircraft carrier meets bouncy castle” (Nuki, 2018). Fig. 1
depicts the actions and key actors participating in this SC.

4.2. Data collection and analysis

Employing both documentary and in-depth semi-structured inter-
view methods, qualitative data was collected from four sets of definitive
stakeholders (Mitchell et al., 1997), who were directly involved in the
medical drone programme; in particular, from the Ministry of Health,
Zipline Ghana, healthcare workers and beneficiaries (including their
family members). Hence, this study’s philosophical foundation is based
on the interpretive domain, which is a philosophical position enshrined
in interpreting social roles and actor interaction in the world, as well as
their meaning (Saunders et al.,, 2015; Bryman and Bell, 2015). This
philosophical position evades unyielding structural frameworks by
adopting a flexible research structure that offers a rigorous approach for
capturing enough information through interaction (Bryman, 2015).

Purposive sampling was used to select 17 informants (see Table 1 for
a complete breakdown). The purposive sampling technique was used
because the target audience could be identified with a specific organi-
sation or government agencies (Bryman, 2012; Saunders et al., 2012,
2015) and therefore, could offer illuminating information (Patton,
2002). The participant number was reached through a saturation point,
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1 2

Takeoff

Request
Healthcare worker
messages or calls
the central base

programmed
and launched

Delivery

On arrival, it circles down to
altitude of 20ft and releases its
payload by disposable parachute

Return to base

After payload is released the drone
automatically returns to base

Drone is loaded,

Fig. 1. Operations of drones in medical supplies in Ghana.
Source: Nuki (2018).

with no more emerging information (Morse, 2000; Guest et al., 2006;
Silverman, 2013).

Three steps were taken to improve on the data validity: (1) the re-
searchers reviewed the interview question guide several times; (2) the
question guide was given to two professors, with a minimum of 15 years
of semi-structured interviews usage experience, to review; and (3) the
questions were piloted with four participants (one from each set of
participating sample groups). Through these various stages, their feed-
back helped in revising the questions.

Several protocols were followed in the data collection processes,
including visits, emails, and phone calls to the participating organisation
and agencies. Each interview followed a pre-booking with individuals
for a session at their time of convenience. This helped in the creation of a
cordial relationship during the interview. The interviews were con-
ducted using various forms, including face-to-face, Zoom on the phone
and Skype. They lasted between 13 and 95 min and were conducted by
either a professional survey enumerator or one of the researchers. All
interviews were either audio recorded only, or audio recorded alongside
note-taking. The interviews took place between July to November 2019.
Each interview was structured so that the most important questions were
asked first. This allowed us to ask probing questions for further elabo-
ration. Upon the interviewees’ request, the transcribed data for each
interview was sent to its interviewee for review. Based on this, a few
additions were made to the data.

The data was analysed using a thematic and inductive approach by
adopting the six-staged steps prescribed by Braun and Clarke (2012).
The following was observed: First, we familiarised ourselves with the
data after transcription and before coding. Second, we uploaded the data
into NVivo software for analysis by looking for patterns, as shown in
Fig. 2. Third, we identified initial codes by reading through the text line

by line. Themes emerged by the placing of similar codes together into
patterns. We did this by highlighting the keywords and phrases revealed
by the informants. The fourth phase involved ensuring coherency in the
data patterns that fall under each theme. To do this, the researchers
reviewed the coded themes severally (Miles and Huberman, 1994). The
fifth phase was the mapping of the themes through a “thematic map”.
This helped the researchers to identify any relationship(s) that exists
between the coded themes. The penultimate phase captures the essence
of what each theme indicates and decides if any of the themes fit into the
overall narrative, including how AIT adoption in healthcare SC impacts
SD.

5. Results and discussions
5.1. The medical drone and sustainable development

5.1.1. Socio-economic sustainability

The findings suggest a direct link between social and economic
sustainable development and, therefore, these are discussed together.
The findings reveal that the medical drone project contributes signifi-
cantly by saving many lives (ZL1, ZL2, MoH3, HCW1-3, MoH1, MoH?2).
This is because, since the medical drone’s introduction into the SCS in
the supply of essential and emergency supplies, requests have been
successfully delivered on time, thereby allowing healthcare practi-
tioners to use the supplies on their patients promptly (ZL1, ZL2; HCW4-
7). The policy adviser and the public relations officer for the Ministry of
Health (MoH]1) state that the success and gains from the medical drone
programme are that of saving lives and offering sustained support to the
livelihood of the ordinary Ghanaian. In addition, ZL2 - aZipline staff
member - says:
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Table 1
In-depth semi-structured interview respondents’ profile.
Organisation/Institution Informant Interview Interview
code minutes number
MINISTRY of HEALTH MoH1 45 1
(MoH) MoH2 70 1
MoH3 36 1
MoH4 30 1
MoH5 22 1
GHANA HEALTH SERVICE GHS1 95 1
(GHS) GHS2 47 1
GHS3 30 1
GHS4 25 1
ZIPLINE-GHANA (ZL.) 711 65 1
712 55 1
713 33 1
14 25 1
715 25 1
16 39 1
L7 20 1
HEALTHCARE WORKERS HCW1 60 1
(HCW) HCW2 55 1
HCW3 70 1
HCW4 45 1
HCW5 15 1
HCWo6 22 1
HCW7 38 1
HCWS 25 1
HCW9 27 1
HCW10 24 1
HCW11 30 1
HCW12 35 1
BENEFICIARIES AND BF1 35 1
FAMILIES (BF) BF2 28 1
BF3 15 1
BF4 25 1
BF5 13 1
Total 32

Since our launch, we have done over 1000 flights and supplied over
5000 essential various medical supplies. We have had no accidents or
problems so far; so, I can say that it has been a success. For the
impact, let me start by saying that the government does public policy
to improve everybody’s lives. That is the essence of governance. So
[the drone] is just bringing speed, reliability, and time supplies, and
it is only used for essential communities. Yes! We can link very
remote communities by providing some emergency supplies, which
transform the people’s lives. I am excited when I hear the testimonies
on YouTube and other social media platforms.

A female ex-patient (BF2), who was interviewed, expresses gratitude
to the implementing stakeholders and so states: “my very existence
depended on the medical drone’s timely delivery of blood when I was in
labour”. HCW2, a healthcare worker, reiterates this point by saying:

There is no price put on the life of a human being ... So that if
somebody has flu or a woman has given birth. She is bleeding and in
the blink of death, and immediately we [healthcare workers] know
that medicines can be made available within a few minutes to save
that life. The returns that come to society is enormous .... [And] ...
when medicines are needed in emergencies such as accidents or
snake bites in the remotest areas where it can take more than a day to
transport [using cars] to these areas; that is when you realise the
importance of the [drone] project to the saving of human life.

GHS1 adds:

Medical drones were introduced to complement the medical supply
chain system to act more quickly during emergencies, like accidents
and surgery. The drone project is precisely delivering that; (resolving
emergencies). I will urge you and other academics, and the media to
talk positively about this scheme. I feel proud of being associated
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with this project as one of the main drivers of the scheme. My team
here (GHS) are happy and proud about it [drone].

Not surprisingly, a Ministry of Health representative (MoH2)
highlights:

Since the drone project was introduced, we (ministry) have received
many positive responses on how lives are being saved, ...I think this
is impacting the lives of every Ghanaian. We are very happy about
such responses. It means we have done something good, and as you
asked, this impacts the lives of ordinary people. (MoH2).

Similarly, also from the Ministry of Health, MoH1 reiterates:

The government is committed to saving lives. The [medical supplies]
shortages at the medical store had to be addressed. [and] we have
successfully launched and operationalised the drone project. I think
Ghana is the winner when it comes to the impact. The stories from
people whose lives have been influenced [impacted positively] by
the drone project speak volumes of the project’s impact on their
lives. We have cases of infant mortality, maternal mortality, among
others ... they didn’t die to contribute to the country and the com-
munity they come from.

The president of Ghana, Nana Akufo-Addo, also states that “No one
in Ghana should die because they can’t access the medicine they need in
an emergency,” and ‘That is why Ghana is launching the world’s largest
drone delivery service .... a major step towards giving everyone in the
country universal access to lifesaving medicine” (as cited by Bright,
2019, 1).

Furthermore, the findings show that saving time by delivering
medical supplies on time, eases congestion at the larger hospitals and
enables the small clinics and medical centres to operate correctly. Re-
spondents, thus, tell us that referrals to teaching hospitals in the cities
have been reduced drastically (HCW1-5; GHS1-2). This point is further
elucidated by a Zipline respondent, ZL1, who says:

The smaller hospitals and clinics refer some patients ... and this is
because smaller healthcare facilities do not have the drug they need
[to treat the patients]. So, now that the medial drone has been
introduced, overcrowding at the more prominent hospitals such as
37 [military hospital] has been reduced to a more considerable
extent. There is no need to refer someone to Accra [capital city]
because there is no blood at Tafo [small village].

This finding also has economic implications, since staff hours are not
being lost by the use of vehicles that take longer (i.e., hours and days) to
deliver essential and emergency supplies. ZL3, buttress this by adding:

. if you have a place like Ekyi Amanfrom, which is beyond the
Afram Plains, which takes longer to reach there, the drones can reach
there in less than 30 minutes. Let us say if you are travelling from
here [Accra] to Ekyi Amanfrom, just in this scenario you are going to
spend four and a half hours .... Yea!

The timely supply of essential medical needs at medical centres re-
duces anxiety among healthcare professionals directly treating patients.
It is why one healthcare worker says, “For us, the doctors and nurses, we
deal directly with patients, so when we need essential supplies, and we
do not get it to save a life, we are anxious” (HCW4). With the intro-
duction of the medical drone, healthcare professionals can call the
centres to distribute critical medical supplies quickly. “So, when the
blood type wanted was confirmed sent through the drone, it was reas-
suring, and we were very hopeful the baby will survive” (HCW®6).
Indeed, participants believe that the situation is motivating, and it also
provides job satisfaction (HCW6-7). Similarly, patients and their fam-
ilies, for fear of not getting adequate medical treatment, commute for
long distances to other hospitals outside their regions. The participants
argue that there are intangible costs associated with seeking medical
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care in other regions, thus, increasing overall frustration (BF1, BF2).

As stated by van Marrewijk and Were (2003), Artiach et al. (2010)
and Chang et al. (2017), this offers social empowerment to not only
those who are benefiting from the medical drones but also the confi-
dence that non-beneficiaries have in going about their business,
knowing that they have the backing of quick emergency supplies when
needed. Here, CSR’s aspects of empowering the societal subject to
improve their lives are evident (Watts and Holme, 1999); and contribute
to decent work and economic growth of society enshrined in the SDG
number 8 (UN, 2017).

An essential economic SD finding revealed by informants is cost
reduction. However, they relate cost reduction to a series of factors.
These are non-overstocking, timely delivery of medical supplies,
wastage reduction, and reduced overhead costs associated with tradi-
tional delivery of medical supplies. For instance, GHS2 - a representative
of the Ghana Health Service - asserts that there is a drastic reduction in
stock wastage due to expiration. In particular, he says,

You realise that they do not want to run out of stock because of the
product going bad. [But] now that they know they have Zipline
service, they order just enough because they know that even if they
run out of a product, Zipline can supply them until their standard
supply comes in. So, they end up not overstocking product. This
reduces the overall wastage within the health care system and saves
the government money. (GHS2).

Moreover, cost reduction is regarded as crucial economic sustain-
ability for the government and patients (BF1, BF2, MOH2). Ministry of
Health representative, MOH2, says:

Overall, the drone helps reduce healthcare costs in the country and,
to a more considerable extent, impacts positively on the country’s
government budget and economic prospects in the long term. People
[citizens] do not recognise the overall impact of the (medical) drones
on the country’s development. If it is sustained for the long-term, I
believe it will impact long-term sustainable development.

Another Ministry of Health staff member, MoH1, says that the suc-
cess and gains from the medical drone programme saves lives and offers
sustainable support to the livelihood of the ordinary Ghanaian, in the
context of employment. This can be evidenced by how the medical drone
programme recruits and assembles a range of personnel, comprising of a
diverse calibre of professionals ranging from field engineers to auxiliary
staff. Another Ministry of Health representative, MoH3, echoes this view
by stating that:

Economically, I think that it [medical drone] has also helped in
employing some of our Ghanaian trained engineers, pharmacists and
other paramedical staff, including some local people in the [local]
community [where healthcare centres are located]. So, economi-
cally, I think it is benefitting the nation .... Ghanaians entirely run
the two centres that are in operation with the support of few
Rwandans; they have been trained to do the work, and they are doing
it excellently.

Furthermore, respondents believe that employment creation by
Zipline Ghana will provide sustainable economic development to the
citizens employed by Zipline and the overall economic sustainability of
the country. This view is premised on the taxation of workers and the
trickle-down effects of employment on the programme’s employees and
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their immediate family. More specifically, a Zipline employee says:

The economic benefits of sustainable development are many, and I
think they are like a vicious cycle. If you employ Mr A, the govern-
ment will tax him. He will also help his family. As you know, this is
Africa and that we help each other, so the effects of employment
cannot be easily quantified to the employees alone. (ZL2).

Closely related to employment is knowledge transfer, which was
started by all the stakeholder group interviewed. Thus, through the
medical drones’ activities, employees are empowered as they gain soft
and hard skills that can be employed in their lives, for both present and
future needs of the individual and the society (Petrikova, 2014). Staff
from the agencies and organisations, participating in the drone pro-
gramme, were either sent to the USA or Rwanda to learn the technology
and its operation (MoH1, MoH2, MoH3, ZL1, Z12). The desire was to
transfer critical new knowledge from abroad to the programme partic-
ipants, thus, ensuring that the Ghanaian medical drone services are
self-sustaining (MoH2). A Zipline representative, ZL1, explains it as
such:

Shortlisted staff were intensively trained for a more extended period
before starting the test runs in the two main centres currently
operating. We wanted to minimise errors within our operations’
timelines; now, these trained persons run the entire medical drone
system.

These findings indicate that AIT adoption can unlock economic po-
tential and offer more sustainable economic development to the locals
(Baumol et al., 1970; Horvathovd, 2010; Tan et al., 2015). By
consciously employing locals in medical drone activities, it fulfils the
firm’s contribution to society’s sustainable development (Dahlsrud,
2008) in the context of economic development (Coscieme et al., 2021).
This may contribute to SDG number 8 (decent work and economic
growth) (UN, 2017). This may also impact the participating government
agencies and Zipline corporate performance (Orlitzky et al., 2003; Tan
et al,, 2015).

5.1.2. Environmental sustainability

Apart from the beneficiaries and their families, other participants
indicated that the medical drone is environmentally friendly. Three
critical areas of environmental sustainability were cited as follows: the
reduction of air and noise pollution, as well as carbon emission, plus a
reduction in other forms of traditional transportation available to
medical SC. In the words of MoH3, a Ministry of Health staff member:

The [medical] drones do not pollute the air ... because it does not use
fuel. It uses batteries, and these are pollution-free. I understand that
we have not substituted the traditional supply chain system with the
[medical] drones. Still, in one way or the other, it is contributing to
the reduction of air pollution. This is because the journeys that cars
or motorcycles would have gone taking hours, thereby using a lot of
fuel, are now being supplied by the drones that use batteries. You
might think it’s insignificant on a facial value, but I can tell you that
it is significant. Assuming every country is doing something similar
(reducing air pollution), don’t you think global warming problems
would have reduced significantly?

Available evidence suggests that rapid industrialisation has resulted
in excessive resource exploitation, manifested as a loss of biodiversity,
air and water pollution, and resource depletion (Du and Li, 2020; Kar-
uppiah et al., 2021). Accordingly, the use of the medical drone in HSC in
Ghana does may not only contribute to the reduction of environmental
degradation of Ghana, but also the reduction of the ozone depletion in
general. Hence, it contributes to environmental sustainability echoed in
number 13 (climate action) of UN’s SDGs (UN, 2017; Coscieme et al.,
2021).

Furthermore, a respondent from Zipline states that ’the drone’s
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design is such that they emit a very minimal sound when they are in mid-
air and may pass without notice compared to ambulances and other
medical supply vehicles currently in the supply chain.”’ (ZL1). Another
Zipline representative, ZL3, adds that “the drones currently used in
Ghana differ slightly from that of Rwanda [in that] they [the Ghanaian
ones] produce minimal sound when even closer [to you]”.

Lastly, running on batteries means that carbon emission is reduced
drastically, if not avoided altogether. Zipline and GHS respondents
believe that medical drones contribute to reducing carbon emissions, not
only in the country but worldwide. As a Ghana Health Service repre-
sentative GHS1opines:

We [Ghana] are contributing significantly to the reduction of carbon
emissions affecting the ozone layer. I believe you are aware that the
world’s leaders have been meeting over the years to find solutions to
global warming affecting the World. There are increasing flooding
and droughts around the World, which is why world leaders have
been campaigning and making efforts to reduce carbon emissions, so
this [medical drone] is our contribution to this call.

This finding implies that adopting green, sustainable, cutting-edge
technology like Al-enhanced medical drones in the healthcare SC, im-
pacts the fight against global warming and improves healthcare
delivery.

6. Conclusions

Considering the importance of investing in cutting-edge technolo-
gies, Al is viewed as driving future industries’ creation. Consequently,
firms and governments worldwide have made significant efforts to
invest in Al hence, attracting extant literature to its discussions -
including on healthcare delivery. The literature on healthcare delivery,
however, has focused extensively on medical diagnosis, operations, and
prescriptions (Shiraishi et al., 2011; Hamet and Tremblay, 2017), to the
neglect of SCM. To bridge this research gap, this study explored how
Al-enhanced medical drones’ adoption in healthcare SC improves not
only the SC of healthcare delivery but also contributes to SD.

The findings indicate that Al-enhanced medical drone application in
HSC contributes significantly to the host country’s HSC and SDGs by
reducing carbon emission with carbon and noise-free drones in the de-
livery of emergency medical products to healthcare centres. Further-
more, the findings show that by adopting the medical drones in the
medical SC system, society’s socio-economic situations are improved by
reducing the mortality rate and by providing better social and economic
lives for the beneficiaries.

Drawing on the findings, it can be argued that the introduction of AIT
in the form of the medical drone system, with the existing SC structure,
is an action that meets present and future generation needs not only in
cities and towns but also in remote rural communities. The evidence of
success of medical drone adoption in healthcare SCS in Ghana indicates
that cutting-edge technology such as Al is appropriate to SC networks
and appropriate in developing countries. This contradicts with existing
literature, which posits that advanced technologies are inappropriate in
developing countries, due to infrastructural deficits (Emmanuel, 1982;
Eckaus, 1987; Kaplinsky, 2011). The results indicates that the environ-
ment needed to implement technologies in developing countries are
changing. This suggests that the West can also learn from the global
south when it comes to technology transfers. On the backdrop of this, it
is suggested that developing countries such as those in Africa should
take the lead in the implementation of cutting-edge technologies, as this
will impact on their efforts towards the achievement of their number 3
and 13 of UN’s SDGs.

In the main, providing medical drones that are environmentally
friendly, may not only improve on the host country and the world’s
environmental SDGs, but may also improve the socio-economic condi-
tions of the employees and beneficiaries (Moore, 2015); which also
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contributes to the long-term corporate sustainability of the implement-
ing firm (Artiach et al., 2010; Chang et al., 2017).

6.1. Limitations and future research

The main caveat of this research is the use of an in-depth semi-
structured interview to solicit informants’ views, which implies that our
findings may only be valid if their views are correct and well-informed.
Nevertheless, we do not have any reason to doubt informants’ views
since they are the definitive stakeholders directly involved in the med-
ical drone programme. Furthermore, care needs to be taken to generalise
the findings since this study used a case study. However, this offers a
critical exploratory study that can be used as the basis for further
studies. Further quantitative work comparing pre-and post-medical
drone healthcare delivery performance would be needed when the
programme has lasted for many years.
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