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Implemented in several African countries, medical drones have emerged as Received 27 April 2023

a major infrastructural innovation in national healthcare systems and are ~ Accepted 18 October 2023

widely hailed for improving, if not revolutionising, access to medicine

and care for rural populations. Being based on digitally driven, Ghana: ? R
.. . ana; medical logistics;

autonomous aviation systems, drones are part of wider efforts to use digitisation; drones;

digital technologies in health systems. In this article, we explore the infrastructure

paradoxes that emerge from definitions of logistics as the bottleneck of

quality healthcare. Based on ethnographic research in Ghana, we explore

the ways in which drone systems have been built up and justified by

private and political actors and used by pharmacists and other healthcare

professionals along the supply chain as serving emergencies. However,

they have transformed the existing landscape of medical supply chiefly

because of the multiple ways in which emergencies are defined. We find

that while the introduction of drones has dynamised supply chain

processes but also reveals structural bottlenecks, e.g. the lack of medical

products and malfunctioning institutions. Situated at the interface of

critical studies on infrastructures and medical anthropology, our article

contributes to the thriving scholarship on digital innovation in healthcare.

KEYWORDS

Introduction

Infrastructural and technological advances in the field of global health, as well as in the development
world as a whole, usually target sites where performances and outcomes are considered inadequate,
despite being crucial for achieving development goals. Following development jargon, we call these
sites ‘bottlenecks of health care’. This article explores the consequences and paradoxes that emerge
when logistics are defined as the bottleneck of healthcare and drones as the solution. In Ghana, the
introduction of medical drones — drones that deliver medical products to health centres in remote,
rural areas - have started to reconfigure a complex landscape of healthcare and health logistics. As
part of broader efforts to introduce state-of-the-art technologies and to digitise the healthcare system,
drones are used to improve supply and access to medical items such as medicines, blood and vaccines.

Significantly, over the past decade, the Ghanaian state has been pushing digitisation projects in
several areas, including a registry of landownership, a system of residential addresses and the intro-
duction of digital identity cards (Thiel, 2020). Nourishing widespread fantasies of infrastructural
leapfrogging, many policymakers and experts celebrate such technical solutions as a panacea for
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the country’s economic and administrative problems (Burchardt & Umlauf, 2023). Significantly
raising the stakes of the national digitisation agenda, Ghana’s Vice President Mahamudu Bawumia
even stated in a television interview in 2017: ‘We need to essentially remove a lot of the human
interfaces so that we could deliver services to ordinary people devoid of corruption’.' Removing
humans from service delivery as a way of fighting corruption became part of a more general
hope that the increasing digitisation of governmental services would contribute to creating a
more inclusive society.

In this article, we take the promises of digital solutions to improve access to healthcare as a start-
ing point in investigating some of the more implicit assumptions associated with the adoption of
digital technologies in healthcare and the way they are played out on the ground. More specifically,
we are interested in the ways in which the relationships between existing analogue and new, digi-
tally driven infrastructures of supply unfold. In the field of medical logistics in Ghana, this means
primarily the relationship between road transport and the newly introduced drone system.

In 2018, the government of Ghana signed a contract with the Silicon Valley start-up company
Zipline, which was tasked with building up drone infrastructure (including its own distributions
centres) and with organising up to 600 deliveries a day to health facilities across the country.
While Zipline initially built four distribution centres, when the contract was renewed in 2021,
four other centres were added to finally allow the company to serve approximately 3200 health
facilities covering large parts of the national territory. Significantly, to avoid competition between
land transport and airborne deliveries, drone use was limited to medical emergencies, such as the
blood products for mothers suffering from postpartum haemorrhaging, snake-bite medicines and
other products needed to support medical interventions in emergency situations. From the perspec-
tives of medical anthropology and critical studies of infrastructure, this raises an intriguing set of
questions: Through what kinds of practices did the introduction of these systems unfold on the
ground? How did the availability of drone services change access to medical products? How did
logistics and healthcare practitioners adapt these services to their daily routines to make them
serve their needs? And how do the realities of drone logistics relate to the lofty promises that are
meant to promote them?

According to classic social-science approaches, when it comes to technological innovation in
infrastructural provision, new infrastructure tends to develop in a cycle. This means starting by
complementing the existing infrastructure and then gradually replacing it. The relationship
between the old and new infrastructure is based on technical affordance. In Ghana, where the pro-
ject is also called fly-to-save-a-life,” public innovation discourses portray these relationships as pro-
ductive and synergetic modes of supply. Thus, the Minister of Health, Kwaku Agyeman-Manu,
emphasised that the project ‘is not in any way expected to replace the existing regular supply
chain system for the delivery of blood and medical products’.’ There are also echoes of such under-
standings in software language, where the term ‘interoperability’ describes system interactions, as
well as experimental and organisational factors that become newly assembled.

However, more recent studies have emphasised the ways in which new digital infrastructure
gives rise to disputes and conflicts, as they shift consumption patterns, empower new groups of
actors, disempower others and reconfigure markets (e.g. Langley & Leyshon, 2022; Thorat,
2020). Following up on these studies, we find that, while in rural areas especially healthcare workers
make massive use of drone logistics and actually celebrate them as gamechangers, drone operations
are actually marked by a series of paradoxes: while drones were chiefly meant to transport products
for medical emergencies, in practice they are often used for other purposes. These other purposes
strike us as being justified and enabled through shifting understandings of emergency. On a more
technical level, while actual airborne services function very smoothly, deliveries are often delayed or
hampered by medical products going out of stock, revealing structural bottlenecks from which the
company cannot simply disconnect itself. Our article unearths the mechanisms through which
these paradoxes came about, providing important lessons for social theories of technological and
institutional change (Star & Griesemer, 1989; Watkins & Swidler, 2013).
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We begin by situating the rise of drone logistics in African healthcare in the context of social
sciences debates on emergencies, medical humanitarianism and medical technologies that have flour-
ished over the past two decades. While we highlight the importance of shifting the focus away from
macro-perspectives towards more concrete empirical circumstances in which infrastructure is confi-
gured and used, we note the dearth of research on logistics in anthropological studies on the nexus of
healthcare and infrastructure. Our analysis is therefore geared towards foregrounding the ways in
which innovations in infrastructure depend on definitions of logistics as a bottleneck in healthcare.

Theorising digitisation in healthcare, logistics and emergencies

Our research on the introduction of medical drones and their consequences for access to healthcare
is situated at the interface of three scholarly debates: research on the digitisation of healthcare, infra-
structural leapfrogging and research on emergencies in Global Health. We briefly revisit these scho-
larly fields in order to explain our conceptual approach, highlight our contribution to these
literatures and delineate the features of the emerging field of digital health infrastructure.

Over the past decade, there have been massive investments in the digitisation of healthcare on a
global scale (Storeng et al., 2021). These include digitalised patient records and insurance schemes,
wearables, algorithm-based applications in mental health, advances in Big Data-driven precision
medicine, digitised stock and supply chain management, and digitally driven logistics such as
drones. All this infrastructure and the associated technologies have benefited from advances in
machine learning, cloud-computing and new sensor technologies (Lupton, 2014, 2017; Miller &
Horst, 2020). Investments in digital health technologies have been financed by both private com-
panies and states and have shaped new alliances and consortia involving large, multinational phar-
maceuticals companies, public research institutions, public health authorities and tech start-ups. As
almost all efforts to launch new digital technologies are based on large server capacities for data pro-
cessing, big internet companies (Amazon, Meta, Microsoft, Apple and Google) provide the so-
called core infrastructure of the platform economy (van Dijck et al., 2018). Because of the increasing
importance of established tech players as well as new start-ups, their business strategies, conceptual
approaches and jargon - typical of Silicon Valley-styled ‘digital solutionism’ (Morozov, 2013) -
have made their way into the cultural worlds of healthcare in general and global health in particular.
In our research, for instance, Silicon Valley drone operators were fond of using the slogan ‘Press a
button and get what you need’ for describing how drone technologies would revolutionise health-
care in rural Africa. If digital solutionism means the idea that the internet or Big Data-based algor-
ithms offer solutions not only to business problems but also to global social problems (e.g. to
climate change, water scarcity, or a lack of access to healthcare), then it has surely fallen on fertile
ground in the field of global health (Krieg et al. 2017).

One reason for this is that digital solutionism resonates powerfully with magic-bullet approaches
to global health problems, e.g. vaccines, mobile test kits and so on (Biehl, 2016). Also referred to as
vertical interventions, these approaches similarly favour breakthroughs in specific medical technol-
ogies over structural approaches aimed at improving health outcomes through horizontal
approaches, for instance, by improving access to primary healthcare (Storeng et al., 2021). Such
approaches have long been criticised for causing far-reaching institutional and technological frag-
mentations in African healthcare systems.

Importantly, during the early 2000s, the WHO declared HIV/AIDS to be a global humanitarian
emergency aiding the formation of the new paradigm of global health (Nguyen, 2009) and new
institutional arrangements, e.g. the Global Fund (Collier & Lakoff, 2008). One commonly observed
side-effect of these new assemblages (Ong & Collier, 2007) was a strong growth in funding, which
increased the fragmentations in national public health systems (Kelly & Beisel, 2011). Due to a lack
of coordination, these large programmes created chaotic replications, inefficient resource use and
failures to meet targets (e.g. in relation to health-related millennium development goals) (Biesma
et al, 2009). In our study, we follow this line of argument and ask to what extend such
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fragmentations are reproduced through the rise of digitally driven logistics, paying particular atten-
tion to the differences between institutional fragmentation and infrastructural disconnection
(Dilger and Mattes 2018).

There are now also thriving scholarly debates and research on digitisation in African countries
(Friederici et al., 2020; Heeks, 2022). In this context, initial contributions highlighted the ways in
which the digital divide not only reflected existing global economic disparities, but also exacerbated
the structural disadvantages of African economies and populations (Heeks, 2022). More recent
scholarship, by contrast, has focused on the establishment of digital infrastructure, as well as the
spread and adoption of digital technologies among Africans (Neumark & Prince, 2021). Building
on different areas of digitisation and the use of the internet, recent studies have started to explore
the concrete impact of the intensified use of smart, digital devices in various social fields, like work
and labour relations, governance, and security, as well as processes of datafication (Ruckenstein &
Schiill, 2017; Plantin et al., 2018; Plantin & Punahtmabekar 2019). Much attention has been paid to
Kenya and its ‘Digital Savannah’ (Poggiali, 2016). However, relatively few studies have so far dis-
cussed current developments in the growing field of digital health in Africa (Mawere & van
Stam, 2020). In addition, even within the wider social scientific literature on access to medicine
and healthcare in relation to digitisation, only a few studies explore the role of logistics.

In general, among anthropologists and scholars of science and technology studies (STS), access
to medicine is still predominantly framed as an outcome of global pharma-capitalism and the ways
in which global legal frameworks around intellectual property (e.g. patent and copyright law), the
spatial order and the regional concentration of pharma capital, the price structures in pharma-
ceutical markets and the brain-drain induced by health professionals’ migration all contribute to
reproducing the massive global disparities that currently exist (see Pollock, 2019). Surprisingly little
attention has been paid to how start-up companies in the digital sector have sought to reframe
access to medicine almost exclusively as a problem of logistics. Within this wider problem space,
we consider it worthwhile to relate digital health logistics back to these existing debates around
magic bullets, the fragmentations in global health and infrastructural leapfrogging (Burchardt &
Umlauf, 2023).

Importantly, questions of how infrastructure and access to the services it provides are the back-
bone of everyday life, shaping both the boundaries and inner workings of societies, co-constructing
social hierarchies and becoming subject to political contestation, have been widely discussed over
the past two decades. Scholars have argued that infrastructure literally connects people and the state
and thus underwrites notions of citizenship (Von Schnitzler, 2018). In medical anthropology, by
contrast, the links between material infrastructure and healthcare have been studied primarily in
the context of epidemics. In HIV/AIDS, the logistical-infrastructural aspects of access to medicines
have been shown to influence local patterns of relationships and to generate specific treatment
logics (Park, 2012; Umlauf, 2017). However, the insights of critical studies of infrastructure have
only sparsely been taken up in global health scholarship, and with few exceptions (Beisel, 2014),
research on the interplay of infrastructure, space and logistics has yet to emerge. In our article,
we advance such approaches by exploring how digital logistics pivots on space as a problem and
bottleneck.

The digitisation of healthcare introduces new actors into the existing arena of global health pro-
grammes. So far, African countries have had only limited experience with US-based start-ups,
especially with those, such as Zipline, that actually take off by offering their services in Africa. At
the same time, these processes champion different fields of medical care, such as emergency medi-
cine, which had not received much attention hitherto in global health funding (Hsia et al., 2010).
With a view to avoiding competition between land transport and drones, the contract between
Zipline and Ghana’s Ministry of Health explicitly limited the use of drones to emergency situations.
This focus on emergency medicine emerged from the idea that this field would most dramatically
benefit from the speed and precision of Zipline’s autonomous aviation system. Yet, as we will show,
it also came with its own challenges. More specifically, the necessity for stock managers, clinic-based
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pharmacists and other actors in the supply chain to demonstrate that their orders are linked to
emergencies provided incentives to frame their needs in such terms, but it also led to an incessant
proliferation of new meanings and outright confusion about what an emergency actually is.

In thinking about the role of emergencies in shaping the drone field and about the lessons they
provide for theories of institutional and technological change, we have primarily been inspired by
cultural theorists Watkins and Swidler (2013) as well as the ground-breaking work of STS scholars
Star and Griesemer (1989). In their studies on NGOs and development projects around HIV/AIDS
in Africa, Watkins and Swidler (2013) have argued that institutional change not only occurs because
a novel technology works better in the sense intended by dominant actors, or because some actors
are able to impose their institutions and technologies because of their superior capital and power.
Instead, ‘institutional capacities created for one purpose may be animated by new purposes and may
serve new interests’ (Watkins & Swidler, 2013, p. 213, see also Burchardt, 2013). This is especially
likely to happen when actors with divergent interests and agendas gather around shared symbols
and themes. Actors may have different understandings of such symbols and, in this sense, misun-
derstand each other when using them. But, nonetheless, using these symbols works such that mis-
understandings become ‘working misunderstandings’ (Watkins & Swidler, 2013, p. 197). We argue
that the terms saving lives, and especially emergencies operate precisely in such ways.

In a similar vein, in STS scholarship Star and Griesemer (1989) have introduced the term bound-
ary object to explore the conditions that enable coordination. They defined boundary objects
‘objects which are both plastic enough to adapt to local needs and constraints of the several parties
employing them, yet robust enough to maintain a common identity across sites’ (Star & Griesemer,
1989, p. 393). As we show, in Ghana’s drone field emergencies operate and are framed as objects in
that sense, enabling the consolidation of drone deliveries precisely because of the plasticity and mal-
leability of their definition across different sites.

The rest of the article is structured as follows: in the following section, we briefly explain our
methodology. After that, we present our findings, beginning with an analysis of the ideas of saving
lives and emergency. Subsequently, we demonstrate how these ideas began operating as ‘symbols’
that unite divergent agendas and interests (Watkins & Swidler, 2013, p. 204) and boundary objects
(Star & Griesemer, 1989). Under the header ‘Stock-out: Inheriting a System’ we show how these
dynamics play out in the field of blood supply. In the conclusions, we specify how our findings con-
tribute to theories of social and technological change.

Methodology

Methodologically, the article is based on ethnographic research in different regions of Ghana car-
ried out between 2020 and 2022. In particular, the article draws on our ethnographic fieldwork in
the key sites of health logistics. We visited the national offices of the Ghana Health Service and
National Blood Services Ghana in Accra, interviewing leading figures and national decision-makers.
We also collected data at the regional medical stores in Kofuridua and Tamale where medical pro-
ducts are stored and distributed to health facilities, talking to their directors, dispatchers and fulfil-
ment managers. Here, we interviewed the directors as well as those responsible for the distribution
of goods to the health facilities. In addition, we did ethnographic research in Zipline’s distribution
centres in Omenako and Vobsi, exploring the ways in which personnel handled, managed and
prioritised incoming orders.* Our data interpretation led us, first, to the identification of divergent
narratives about the use of drone and ordering practices, and, second, to the identification of those
symbols and understandings that allows the system to work the way it does.

The idea of emergency and ‘saving lives’

From the very beginning, the idea that Zipline’s drones ‘save lives’ was an essential element of the
discourses through which the company branded its products and exhorted their benefits to African
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governments, and the way governments, in their turn, promoted their support of drone logistics to
their citizens and constituencies. In 2005, Zipline’s CEO boldly declared that his mission was to ‘put
every human on the planet within a 15- to 30-minute delivery of any essential medical product’.” In
a similar vein, after signing an agreement with Zipline in early 2021 for the delivery of COVID-19
vaccines, the government of the northern Nigerian state of Kaduna stated that drones ‘will revolu-
tionize access and availability of critical and lifesaving medicines for millions of people’.® While
clearly resonating with neo-colonial tropes of the white saviour (Mathers, 2022), this emphasis
on ‘saving lives” had several ramifications: it was meant to provide a sense of urgency, mobilise pol-
itical will, and convince policy-and decision-makers that technological fixes existed and just had to
be implemented; it sought to aid the rebranding of drones, shifting popular understandings from
military to civil and humanitarian uses; and it was important in opening up African skies to Wes-
tern tech companies who were in need of the flight data necessary to convince regulators in the US
and Europe that the technology was foolproof (Umlauf & Burchardt, 2022). As a field of interven-
tion, health was thus construed as the common denominator that helped to align moral agendas
(‘saving lives’), market imperatives (i.e. becoming profitable) and safety concerns with one another.

However, the idea that drones ‘save lives’ also found its way into the self-understanding and
everyday discourses of Zipline’s employees. When we talked to Anthony, an electrical engineer
at Vobsi in the Northern region, about maintaining the launcher and the drones, he explained:
‘When you are doing checks on the Zip, because it’s flying to go and save a life, don’t just do
rapid checks on it, you have to ensure that you follow the SOP [standard operational procedures]’.
Curiously, he used that phrase although, as we explore in greater detail below, only a marginal share
of all deliveries actually save lives in the narrow sense of the word. In addition, the logo on all
Zipline vehicles pictures the silhouette of a drone dropping a package on a parachute with the
line ‘Life-saving deliveries by drone’ right next to it (see Figure 1). In the event, however, in
most cases, drones transported products such as cough syrup, paracetamol or hand sanitiser to
health facilities. How does it happen that, once these items had been transported by drones through
a technologically complex, digitally driven system of autonomous aviation, they are transformed
into live-saving objects?

To answer this question, it was useful to follow these objects ethnographically as they travelled to
regional medical stores and from there to Zipline’s distribution centres, where they were packed
into the drones and sent to far-flung clinics. The argument is not that cough syrup and hand sani-
tisers do not have the potential to save lives, but rather that categorising medical equipment and
mundane medical products as ‘lifesaving’ means projecting potentialities onto routine cases.
There are highly fine-grained but important differences between the overly dramatic instances
advertised by Zipline (‘A patient’s life was saved through blood delivery’), routine healthcare deliv-
ery, based on what is usually perceived as an emergency case (‘life-threatening condition requiring
immediate attention’) and scenarios simply involving the lack of a medical product.

In October 2021, we first visited the regional medical store (RMS) of the Eastern Region and
interviewed the staff working there. The next day, we moved on to one of Zipline’s Ghanaian dis-
tribution centres. In entering the fulfilment centre, the contrast was dramatic, and the atmosphere
appeared both utopian and outlandish. Compared to the humid, hot and tropical environment of
the RMS, the entire premises were aseptic, clean, transparent and heavily air-conditioned. Employ-
ees walked across the shiny bluish floor to clean shelves, which were often half empty. The employ-
ees told us that medical products such as antimalarials, paracetamol and antibiotics had been placed
on the shelves manually and marked with a bar code for reasons of accountability. Obviously, each
item had been stored with dedication and care, making the shelves appear like display cabinets, and
humans and machines appeared as if they were seamlessly connected to one another.

In the RMS warehouse, by contrast, massive piles of boxes, bags and folders were stacked one on
top of the other, waiting to be registered and dispatched. These two very different images of medical
supply-chain management highlight the conditions under which such contrasting treatments are
possible, namely bulk and scale. The sheer volume of medical products passing through the
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30/09/2021Temaa CHPS. [Yunyoo Nasuan North East Artemether + Lumefantrine Tablet, 20 mg + 120 mg (Dispersible) (6] <3yrs | 60, 0.0867| 52
3010972021 Apodabogo CHPS Bawku West Upper East Artemether + Lumefantrine Tablet, 20 mg + 120 mg [24°10] T 240, 0.0858 2059
30/09/2021 Nambagla CHPS Isavelugu “Northern 'Simple Linctus (Paediatric) BPC I 5 244] 12.2]
3010972021 Zongoire HC [Bawku West {Upper East Amoxicilin Capsule, 250 mg [100] 1 100, 0.095] 95
30/09/2021Gbani CHPS [Talensi Upper East Artesunate Suppository, 50mg (6] 60 2024 12144
3010972021 Kolinvia CHPS [East Mamprusi North East ibuprofen Suspension, 100 mg/s mL 5 361 18,05
30/09/2021 Binduri HC Binduri Upper East Lidocaine HCL Injection, 2% In 20mi 5 6, 30,
3010972021 Kolinvia CHPS East Mamprusi North East Ferrous Suiphate Tablet, 200 mg (Elemental iron) [10] 5000015, 75 |
30/09/2021 Duusi HC [Talensi Upper East 800 .~ .
3010972021 Nagbai CHPS [East Mamprusi North East Muttvtamin § 5 214 07|
West__Upper East ‘Slmph Linctus (Adult) BPC 5 2864] 1432 |
3010972021 Yindure CHPS alensi Upper East 'Simple Linctus (Adult) BPC 5 2864 1432 |
30/09/2021Duusi HC Talens: Upper East 5
300912021 Gbani CHPS Talensi Upper East ndazole Syrup, 100mg/5mi 51015 507
30/09/2021/Gbani CHPS Talensi Upper East Ibuprofen Suspension, 100 mg/5 mL 5] 61 1808 |
30/0972021Gbani CHPS Talensi Upper East [Triple Action Cream, 30g 23105 621
30/09/2021Zongoire HC Bawku West Upper East (Carbocisteine Syrup, 250mg/5mi [Adult] 54118 2058
3010912021 Apodabogo CHPS Bawku Wost Upper East [Folic Acid Tablet 5mg [10] 2000014 28]
3010972021 Uwasi HC Buisa South Upper East 'Simple Linctus (Adult) BPC 5 2864 1432 |
30/0972021Shia HC [Talensi Upper East [Paracetamol Suppository, 250mg(10] T 0 05 5|
MMQZ‘GMSA CHPS West Mamprusi. North East Multivitamin Syrup 2 214, 428
30/0972021/Sakogu HC [East Mamprusi North East /Artemether + Lumefantrine Tablet, 20 mg + 120 mg (Dispersible) [12°10] Mym 12000956 1147,
30/0972021/Gbani CHPS [Talensi Upper East Fomous Siphet Tabe, 200 v (Sucsonsl won) (1] 500 0,015 75
3010912021 Gaare CHPS. [Talensi Upper East ibuprofen Suspension, 100 mg/s mi 361 1805
3010972021 Duusi HC [Talensi Upper East T
'30/09/2021/Apodabogo CHPS Bawku West Upper East Simple Linctus (Paediatric) BPC 244, 122
30/0972021 Tarkom CHPS Bawku Wost Upper East [Simple Linctus (Paediatric) BPC 244 122
3010972021 Sakogu HC East Mamprusi North East [Diciofenac Injection, Zsmg(ml In 3mi [5] 0.336] 168
3010972021 Gbedema CHPS. |Buisa South Upper East [Dextrose Infusion, 5% (500mi T | 4 20]
30/09/2021 Kolgona CHPS. [East Mamprusi North East 'Simple Linctus (Adult) BPC I 5 2864] 14.32]
3010972021 Namangu CHPS [East Mamprusi North East ibuprofen Suspension, 100 mg/5 mL | 5 361 18.05]

Figure 1. Screenshot from the September 2021 delivery list Zipline sends to health authorities in the district and regions.

RMS warehouse makes temporary storage a messy logistical endeavour. The RMS not only had to
coordinate three to four supply cycles per year and to account for the delivery and distribution of
essential drugs for several thousand health facilities a year in the region. It also had to handle the
transition to the so-called last-mile delivery system, which in most regions is carried out by a private
company. Before last-mile delivery was in introduced in Ghana in 2017, all health facilities were
required to send their own vehicles to pick up their entire medical supply at the RMS warehouse.
In this regard, the quantity of medical products delivered through Zipline’s drones appeared quite
negligible.

For Zipline, of course, it was essential to prove that their technology was safe and trust-
worthy, and to fulfil the promise that once the bottleneck of health logistics had been addressed
lives would be saved. To that end, they had developed their own emergency plan at an oper-
ational level. For Zipline’s engineers and employees, the notion of emergency services chiefly
translated into technical requirements, especially by introducing technical redundancies ensuring
that, if one part of a machine or process broke down or did not function properly, another piece
would take over. For instance, if one propeller broke during a mission, a second one could jump
in. If this part also failed, the machine automatically pulled a parachute that brought it down
slowly in order to avoid damage and harm to people and property. Operating in low-resource
settings, Zipline had developed an awareness of frequent disruptions of essential infrastructure
such as the electricity or mobile networks on which their drones crucially relied. Zipline was
eager to give the impression that emergency and preparedness had become part of the
company’s self-understanding. Proving itself able to operate in harsh environments (e.g. in
terms of the weather), but also in infrastructurally weak and unreliable settings was especially
linked to the fact that the company sought to convince American media, investors and
regulators that their concept would safely work on US territory. As one of Zipline’s senior
employees told us:
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So, our philosophy is both to strive to create technology and systems that have as close to our goals at 100
percent uptime across the board, whether it’s electricity, whether it’s Telecom, whether it’s staff, whether
it’s, you name it, our equipment, just being well maintained and not breaking, whether that’s the zip or the
fridges, and whatever. So, our goal is as a system to have 100 percent uptime.

In the eyes of most of the healthcare professionals we interviewed, Zipline largely reached its aim of
technological excellence. It even appeared that Zipline was technically fully functional precisely
because their operations were almost entirely disconnected from the surrounding circumstances,
including the unpredictable disruptions of infrastructural services that most Ghanaian businesses
faced. To fully appreciate the centrality of infrastructural autonomy and intentional disconnection,
it is worth quoting at length from an interview with one of Zipline’s engineers:

For electricity, for example, all of our systems are on the grid, but they also have a backup generator. [...] And
so critical items are backed into the UPS [Uninterruptable Power Supply, authors]. We are also monitoring
everything. Or, for example, on the fulfilment side, our most critical equipment is the storage equipment, and
temperature management. So, we also have monitoring of all of that. So, if for whatever reason - and to my
knowledge, this has never happened where both the UPS and the generator have failed - but if it were to hap-
pen, we’d have the sensors go off right away. And then the fourth thing we’re investigating using phase change
material, which basically can maintain the temperature and use that to line the shelving. So that it can extend
the longevity of the temperature, assuming the fridges are unplugged. In Nigeria, where we will be expanding,
we will be launching there very shortly, I believe that they’ve looked into solar panels.

As we see, on the one hand, Zipline has clearly developed an impressive cascade of failsafe mech-
anisms that allowed them to fly even when all supporting infrastructure was down. On the other
hand, explanations such as those quoted above showed that the idea of disconnection had almost
developed a life of its own. Keeping their system running under all circumstances created an excep-
tion in a context such as rural Ghana, where very few people anticipate services to have 100%
uptime. At the same time, the massive investment in emergency preparedness reinforced and
backed the company’s main argument, namely that logistics was in fact the bottleneck whose
fixing would dramatically improve health outcomes for Ghanaians. Against this backdrop, the
idea that medical emergencies required quick, reliable and emergency-level, foolproof action was
central. Therefore, Zipline’s CEO, Keller Rinaudo, repeatedly emphasised the quality of their
service:

At this point, 25 million people depend on us with their lives and the lives of their kids. That will be 40 million
by the end of the year. That’s a huge responsibility, and everyone here takes it very seriously.

We suggest that comparing Zipline’s operational arrangements with those of the RMS is highly
instructive. Obviously, given the vast number of deliveries it must process, the RMS was wholly
unprepared to handle emergency requests from individual facilities, or else it would collapse or
become dysfunctional. Especially in rural health centres in northern Ghana, Zipline was widely
seen to excel in timely and reliable delivery. Pharmacists and stock managers in health facilities
at all levels were amazed by the new possibilities that airborne logistics offered them, were largely
full of praise of it and used it extensively. In practice and everyday experience, drone logistics clearly
outperformed land transport on many accounts, and, as we will argue below, it even outperformed
the entire system of healthcare, thereby producing new frictions and dilemmas.

However, we also observed and were intrigued by a set of contradictions: health professionals
whom we had interviewed and who were critical of drone logistics argued that drone infrastructure
only addressed a marginal section of deliveries because its use was limited to medical emergencies.
As only a small portion of all healthcare facilities have the technical equipment and human
resources to perform emergency interventions, in their eyes the small number of medical emergen-
cies did not justify the financial investment in drone infrastructure. At the same time, pharmacists
and stock managers appeared to make frequent use of drone deliveries for all sorts of purposes. This
raises questions as to how these different purposes for using drones were justified and how drone
infrastructure began to compete with land transport. As we show in the following section, what
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enabled pharmacists to demand drone deliveries for what was little more than regular replenish-
ment, routine resupply or scheduled deliveries were - among other things — creative interpretations,
manipulations, or circumventions of the notion of emergency.

Non-emergencies and parallel supply chains

Researcher: “So do you only order at the point of emergencies?”
Pharmacist: “No! We order when we have a stock-out!” Kukurantumi CHPS

While in the previous section, we discussed the potential impact of emergency deliveries that could
not be fulfilled, in this section we focus on deliveries that are fulfilled but are not emergency deliv-
eries. The opening quote addresses what seems to be the most common reason for requesting medi-
cine through Zipline at many lower-level health facilities, such as health centres or the so-called
community-based health planning and services (CHPS) compounds, introduced in 1999. Apart
from blood and vaccines, Zipline mainly delivers products that are on the WHO’s essential medi-
cines list. Within Ghana’s national medical supply chain, blood, vaccines and essential drugs all
have their own distribution channels and are largely kept separate. At Zipline’s distribution centres,
these products come together and can be delivered in accordance with three categories of delivery
that Zipline offers: emergency, replenishment, and scheduled deliveries. According to our estimates,
if Zipline’s distribution centres restricted their deliveries to the first category, most centres would
carry out fewer than 30 flights per day.

In one of Zipline’s more frequently used distribution centres, operators manage roughly 4000
flights per month. As indicated in Figure 1, the company lists all the information, starting from
the date of delivery, the name of the facility, the district, the region, the drug that was ordered
and the quantity delivered, and ending with a list of the costs. Our research showed that approxi-
mately 80% of the monthly deliveries can be considered non-emergency deliveries. Among these
deliveries are drugs such as antimalarials (approx. 25%), cough medication (approx. 15%), pain
medication (approx. 15%) and antibiotics (approx. 15%). Thus, more than 70% of the deliveries
account for these five categories of drugs, which form part of routine primary healthcare services.
In turn, fewer than 10% of the deliveries are carried out for clear emergency interventions.” Yet,
when we asked stock managers at the RMS and Zipline’s distributions centre, as well as pharmacists
at the health facilities, how emergencies were actually defined, and who was to decide authorita-
tively whether a delivery was an emergency delivery or not, understandings clearly differed.
Some pharmacists suggested that situations in which they were out of stock of certain drugs qua-
lified as emergency. Others would answer that such definitions should not be too rigid, that context
always mattered and that the negative, mid-term consequences of the failure to administer a certain
drug due to it not being in stock would also allow them to place drone orders. Thus, some phar-
macists argued, as soon as a particular medication was out of stock, this constituted a supply emer-
gency regardless of whether it concerned simple painkillers or strong broadband antibiotics. While
definitions varied greatly among our interlocutors, only deliveries of blood (<5%), oxytocin
(approx. 3%) and anti-snake venom (approx. 0.05%) could be counted as medical emergencies
in the narrower sense. In some conversations, we were also told that it was the responsibility of
Zipline’s pharmacists to check whether an incoming order was an emergency or not.

Such categorisations of incoming orders were indeed critical in several ways. First, sometimes
fulfilment managers at the distribution centres had to handle several orders within a short period
of time and were thus forced to prioritise. An order categorised as an emergency would immediately
move to the top of the order list and be treated as priority. But again, in spite of the clear practical
relevance of definitions of emergency for their work, Zipline’s employees argued that there was no
unified understanding. Second, because of the rapidly accelerating use of Zipline among facility-
based pharmacists in northern Ghana, regional health directorates limited the maximum number
of orders through drones per month. The main reason for this was that the massive use led to
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repeatedly stock-outs at the distribution centres, further complicating the supply relations between
the RMS and Zipline (we return to this point below). More dramatically still, some health facilities
already used up the drone orders available to them during the first days of the month for all sorts of
non-urgent purposes. That would mean that they would sometimes be unable to place drone orders
in the case of a ‘real emergency’ if it occurred later in the month. In 2022, the health directorate of
the Upper East region even created a blacklist of health facilities that would be banned from using
drone infrastructure because of their alleged misuse of the system.
Checking the supply list, one senior manager at the RMS commented to us as follows:

But ACT, artemether-lumefantrine anti-malaria, ibuprofen suspension, amoxycillin capsules - [...] metroni-
dazole tablet, these are clearly not emergencies! And to me, we must begin to look at it because we don’t want
to create a parallel supply chain. The Regional Medical Stores are undertaking what you call the last-mile dis-
tribution. So, we try to distribute to the last mile, as the name suggests, and these are routine commodities.
Carbocysteine that they can have for cough mixtures. Chlorpheniramine is a Piriton metronidazole, amoxy-
cillin, these are routine pharmaceuticals. [...] But actually, calling on Zipline to be delivering this to them, I
mean, Piriton! Can you tell him Piriton is an emergency? No! So, these are some of the challenges. If this con-
tinues, we begin to see a parallel supply chain going, and that is a very dangerous one for the country.

Importantly, among Ghanaian policymakers, fears that the introduction of drone infrastructure
may lead to the creation of parallel supply chains and competition among them were the major
reasons for limiting their use to medical emergencies. Our observations suggest that such fears
were justified and that drones did begin to compete with land transport, and indeed to outcompete
it. On the one hand, the RMS manager’s statement expressed the fear of the national supply div-
isions and their managers losing control. Ruling over the distribution of thousands of tons of essen-
tial medicines is a powerful task, and in carrying out this task, RMS managers act relatively
independently of ministerial bodies. On the other hand, the statement also shows that a parallel
supply system is not something Ghana could afford, nor that it was desirable or even realizable
without running the risk of one system - land transport - being absorbed by the other over
time. RMS managers were also worried that Zipline operated as an independent legal entity and
that its independence was further materialised through its technical separation from the rest of
Ghana’s medical supply-chain management.

As mentioned above, most pharmacists in rural health facilities were impressed by Zipline’s per-
formance. By contrast, some facility-based pharmacists who approach issues around logistics on a
more practical level were also critical of developments that the introduction of Zipline engendered
but that were not made explicit. In the following interview transcript, one healthcare worker
reflected on the new temporalities that were introduced through Zipline:

Pharmacist: “Well for me, if Regional Medical Stores is consistent, Zipline is just delaying the delivery of
medication.”

Researcher: “Delaying? How?”

Pharmacist: “Anti-snake venoms could have been brought to the hospital, and when there is a snakebite case
you pick and dispense, not wait for the drone to fly and come. I think the delivery time is 20 to 30 minutes or
so. Yes, Zipline is doing well, that we admit. But when Zipline was not there, how was the medicine brought
in? They would bring it in in bulk. Let’s say a hundred, they would be in the hospital, and then we managed
that over time.”

Researcher: “Are you trying to say that because of Zipline some of the products are no longer sent directly?”
Pharmacist: “Good! Exactly, that is what I am saying.”

This exchange directs attention to the actual temporal discrepancy in emergency cases: for health
workers, being able to fetch an anti-snake venom from the fridge in the in-house pharmacy is
almost always quicker than calling a drone, which takes 30 minutes or more on average. But
even more importantly, the conversation pinpoints one of the main consequences of drone infra-
structure: the reduction of the number of medical products that are, at least in theory, permanently
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stored in the facilities. Whether this reduction was a blessing or curse was hotly debated. Whereas
Zipline highlighted the benefits of lower storage needs, critics emphasised that, as the health facili-
ties reduced their storage capacity, they became more dependent on Zipline.

Another concern among nurses and other health professionals was that, if done several times per
day, ordering itself (through WhatsApp or phone calls) was turning into an additional, time-consum-
ing task that was added to their work schedule. The same applies to collecting the deliveries and hand-
ling the bills. In many of our interviews with healthcare workers, especially facility managers, issues of
human resources played a major role. As one nurse at the Gimbsi facility desperately argued:

Consider the number of requests: you request a drug, a syrup etc., and then the maximum they can give you a
day is five, which I think is very very low. The quantity is actually low, it is very very little. Zipline should really
do something about that.

Stock-outs: Inheriting a system

In policy discourses, the main rationale for the introduction of drone infrastructure was that the
bottleneck of providing high-quality healthcare to Ghanaians was in fact a matter of medical logis-
tics. As we now demonstrate, in practice such discourses served to make the far-reaching shortages
of medicines and pharmaceuticals of all kinds invisible. This shortage manifests itself in chronic
‘stock-outs’ (i.e. stock running out) on all levels of the supply chain, from the local health centre
up to the national medical stores. In this context, the excessive use of drone deliveries by local
healthcare personnel in northern Ghana led to frequent stock-outs in Zipline’s distributions
centres. Somehow, therefore it merely shifted the problem of stock-outs from the regional medical
stores to Zipline’s aseptic fridges as the new logistical intermediaries. More importantly, these
stock-outs dramatically revealed what some of our local interlocutors — stock managers and phar-
macists — assumed all along: that in reality the bottleneck on the way to achieving universal health
coverage lay elsewhere.

Problems of supply in terms of availability were even compounded in the field of blood products
- one of Zipline’s main assignments. Unlike pharmaceuticals, blood products need to undergo com-
plex procedures of matching and screening, require technological equipment and cannot be pro-
duced industrially. As we now show, this introduced a range of particular challenges.

Blood Manager: “We hardly request blood ... It was September 15th, that was the last time we requested [it].
We made request: ‘Good evening. Urgent need of 0 negative!’ And Zipline responded: ‘Good evening, sir.
Sorry we are out of stock at the moment! We will notify you as soon as we restock! Thank you!””

Researcher: “Did they notify you?”
Blood Manager: “No. No, I did not see any notification!”

This conversation took place during an interview we conducted with the head of the blood services
of a large regional referral hospital. Two observations stand out. On the one hand, the conversation
contrasts with the assertion of Zipline’s CEO that millions of lives depended on Zipline’s services.
Had this been the case, here is one instance when the patient would probably have died. While we
were unable to get more information on the exact medical condition the patient was suffering from,
the example showed Zipline’s problems in acting upon a clear medical emergency. On the other
hand, the case also reveals that excellency in logistics depends on various external factors and
can often only be as good as the system it depends on.

Despite Zipline’s far-reaching efforts to free themselves from the uncertainties they encountered in
their technical and infrastructural environment, the weaknesses and shortages within Ghana’s national
blood-supply services ended up hampering effective drone deliveries.® During our visits to Zipline’s dis-
tribution centres, we were surprised to find expensive state-of-the-art refrigerators set aside for blood
storage almost empty. In one centre, we found only about six bags of the most common blood types
(0+, A +). According to the pharmacist, they had difficulty getting resupplied because they relied on
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supplies from the national blood services in Accra and Kumasi. At the headquarters of the national blood
service in Accra, we were told that this was mainly a result of the COVID-19 pandemic, which had made
people more reluctant and hesitant to donate. The drop in the number of donors since the onset of the
pandemic was observed around the world.” In the case mentioned above of a request for 0- blood, the
likelihood of Zipline having such a rare blood type in stock would also have been rather low, even under
more ordinary circumstances before the onset of the pandemic.

Yet the example also shows that there is an unevenness in the levels of redundancies with which
Zipline must operate. The segment in the supply chain, which Zipline serves, appears to be the least chal-
lenging part. Their task does not involve the recruitment and mobilisation of blood donors, nor are they
involved in the technicalities of screening full blood or preparing blood components. And finally, Zipline
is also not involved in the cross-matching between blood donors and recipients. The intermediate pos-
ition in which Zipline finds itself consists mainly of storing, monitoring temperatures and maintain the
fridges. For a trained pharmacist at Zipline’s distribution centres, this task is hardly a challenge.'® In an
effort to explain the technical procedures involved in the acquisition, storage, and administration of blood
in individual hospitals, in an interview Zipline’s CEO described the situation as follows:

Fifty percent of that is going to moms who are suffering from post-partum haemorrhaging and 30 percent is
going to kids under the age of five who suffer from severe anaemia due to malaria. This is really important, it’s
a complete emergency. Someone’s life is on the line when you need one of these products! But it is very
difficult to stock these products reliably because you have red blood cells, platelets, plasma, you need all
three, they all have different storage requirements, different shelf lives. And with red blood cells [full
blood] you’ve got eight different types, A, B, AB and O and positive and negative Rh factor of each. So, it’s
basically an impossible logistical challenge, and so what’s so great about this is that it allows them to go
from trying to make these impossible predictions of what’s needed, where to keep the blood in one place
and send it when you have a patient whose life is in danger. It’s a vast simplification of the supply chain.

While Zipline’s argument certainly appears coherent from a logistical perspective, in practical rea-
lity the suggested ‘simplification’ comes with its own set of problems. More concretely, Zipline has
long favoured the idea of centralising the system of formerly independent, decentralised blood ser-
vice units within each hospital by storing blood products exclusively in their distribution centres.

In our conversation, the regional hospital’s blood manager explained their relations with Zipline,
telling us how her unit would usually engage in community mobilisations in order to recruit and
collect voluntary blood donations. During these so-called blood drives, her team would visit board-
ing schools or vocational training centres, give health education to students, and then collect some
voluntary blood donations. During a recent visit to one of the local vocational training schools, the
manager discovered that the school had already donated some blood. To her surprise, she learned
that ‘people from Zipline’ had visited the school to collect blood in the name of the national blood
services the week before. When she learned about this, she was angry that Zipline had intruded into
their recruitment area, in which they had built up trust with the school authorities and local com-
munities, whom they had mobilised to secure a reliable blood supply for their facility.

Talking to Zipline about this incident, they admitted that from a certain point, and in order to
cope with the shortages of blood, they indeed engaged in blood collection campaigns to support the
national blood services. As the statement indicates — but was also reiterated several times during the
interview — the blood manager explained that they usually do not use Zipline’s services when it
comes to blood. They manage well themselves, being able to collect just enough blood to sustain
their demand at the hospital.

There is thus an ironic twist in the implementation of Zipline’s blood-related emergency services. In
their many public media appearances, Zipline never openly mentioned the existence of local blood
donation activities or the practice of replacement donations. Both activities grant hospitals flexibility
and greater independence from unreliable national blood services. Whether consciously or not, Zipline’s
efforts to assist the national blood services produced tensions with the very local blood supply practices
that allowed hospitals to operate largely autonomously regarding this precious commodity. The patient
mentioned earlier for whom 0 blood was requested survived. In cases of rarer blood types, the hospital
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kept a list of local individuals whose blood type is known. In emergencies these individuals were called
and asked if they could come and donate blood, promising that their costs would be covered.

Conclusions

As we showed, the definition of medical logistics as the bottleneck of quality healthcare in Ghana
that Zipline promoted and the introduction of their drone infrastructures led to a series of para-
doxes: First, while drones were meant to improve access to life-saving products such as blood in
medical emergencies, we found that blood was often out of stock in Zipline’s distribution centres.
Second, whereas drones were expressly not meant for the routine re-supplies of medical products,
this has become their dominant purpose. Third, while in many ways rational from the facilities’
point of view, such usage risks undermining the existing supply-chain management. It has created
the kind of parallel system that, according to high-level health professionals, should be avoided at all
costs. Drone deliveries are only cost-effective when used in ways that go against the contractual
agreements, which holds true for both Zipline and the Ghanaian state.

This, of course, raises important questions about the ambivalent role and responsibility of the
developmental state in projects of infrastructural innovation. Many of the involved actors appear
to do what they can to make the system work. And they do so, chiefly, by creating and creatively
manipulating notions of saving lives and emergencies as symbols and boundary objects. But
there are also limits to their capacities to do so, arising from the large degree of autonomy the Gha-
naian state afforded Zipline and the particular interests of sections of Ghana’s digitisation elites.

In their work, Star and Griesemer (1989) mainly used the term boundary objects as a solution to
problems actors encountered in communicating across different epistemological backgrounds. With
our article, by contrast, we demonstrated how boundary objects solve problems but also introduce
new ones. Stretching the definition of emergency allowed local healthcare workers to use drone infra-
structures but it also highlighted the contingency of the definition of where the bottleneck really lay.

Finally, and most importantly, the very success of the system and the excessive ordering by the
stock managers at health facilities have led to frequent stock-outs at Zipline’s distribution centres. It
has thus not only shifted stock-out problems from the regional medical stores to Zipline’s centres
but also altered perceptions of where the bottleneck in Ghanaian healthcare really lies. Discourses
around digital logistics suggested that access to healthcare is primarily about bringing medical pro-
ducts to patients. Yet by causing stock-outs, the solution to the logistical problem, however partial,
has made visible the sheer lack of medicines and pharmaceuticals. As a pharmacist in one of
Zipline’s distribution centres lamented: ‘Often, there is just nothing we can send them’. This lack
is, of course, a product not only of Africa’s marginalisation in the global economy and unfavourable
manufacturing conditions but also of the lack of governmental investments in the pharmaceutical
sector and research, organisational deficiencies, and often massive corruption in medical procure-
ment processes: What is lacking, has sometimes simply been stolen along the medical supply chain.

We suggest that future research pay more attention to these gaps between the promises and out-
comes of digital innovation in medical logistics and the paradoxes that emerge from their
implementation. Both, studies on infrastructural leapfrogging and on healthcare infrastructures
can benefit from focusing more explicitly on the multifarious mechanisms through which bottle-
necks are defined, including symbols and boundary objects, how such definitions shift, as well as
to the consequences they have on access to healthcare on the ground.

Information on ethical approval

The study was approved by the Ghana Health Service Ethics Committee (GHS-ERC 009/08/21) on
11 October 2021 and complies with Ghanaian legislation. After being informed about study pur-
poses and data management procedures, interviewees have given written consent to being inter-
viewed and, when done, to the recording of the interviews.
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Notes

1. https://www.youtube.com/watch?v=XqYNCwV]Vw4

2. ‘Fly-To-Save-A-Life Project complementary to the existing health system:” see https://www.moh.gov.gh/fly-
to-save-a-life-project-complementary-to-the-existing-health-system/

3. https://www.moh.gov.gh/fly-to-save-a-life-project-complementary-to-the-existing-health-system/

4. Due to the COVID-19 pandemic, we could gather only some of the data ourselves. We wish to highlight the
contributions to this article of John Ganle of the University of Ghana. In addition, we also thank Kim Chung
and Edwin Ameso, both of Leipzig University.

5. See https://www.bbc.co.uk/sounds/play/w3ct03pq, accessed 23 March 2021.

6. See https://www.urbanairmobilitynews.com/medical-pharmaceutical-transport/zipline-to-deliver-covid-19-
vaccines-in-nigerian-state-kaduna/?utm_source=rss&utm_medium=rss&utm_campaign=zipline-to-deliver-
covid-19-vaccines-in-nigerian-state-kaduna, accessed 01 March 2021. On this point, see Euchi (2021).

7. We have no reliable information on the number of blood deliveries. According to our estimates, it is likely to
be less than a hundred units of blood a month. In addition, vaccine deliveries are also made via Zipline, but
adhering to a fixed schedule on days when facilities have scheduled their immunization days.

8. Stock-outs also affect Zipline’s deliveries of essential medicines. Many interviewees confirmed that this hap-
pens quite frequently, as the following examples indicate: ‘Back to Zipline has there been the case when you
called on them and they also didn’t have it?” ‘A lot ... a lot!” ‘So, in those times, when you need the product,
what happens?” ‘Ahh, we all have to go to the streets like that, the patient will have to look for that;” or also: ‘Ah
well, on a normal day you can get 60 to 65% of the medication.’

9. See https://www.afro.who.int/news/drop-blood-donations-add-maternal-health-threats-africa, accessed 14
April 2023.

10. However, one of the main tasks at the facilities seems to be monitoring the redundancy system the company
has put in place.
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