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A B S T R A C T   

Most medical devices are designed by western firms from efficient innovation systems with a focus on their home 
markets. A disproportionately high percentage of imported medical devices in low resource settings become non- 
functional. Despite interest from global health and innovation studies, little is known about firms in emerging 
markets appreciative of challenges in their home environments. Using empirical evidence from innovative 
manufacturing firms in South Africa, this study investigates frugal orientation and mechanisms to innovate under 
resource constraints, in a technology intensive sector typically under the purview of western firms. Systematic 
analysis of six devices by adapting a global health lens reveals that while some innovations specifically address 
health challenges of low resource, others are more affordable technological innovations with universal relevance 
and some frugal elements. Resource constrained innovation strategies involved building advanced internal 
manufacturing capabilities to overcome institutional voids while forging multiple knowledge collaborations to 
complement inhouse capabilities. This drives frugality around design, engineering and manufacturing processes. 
Innovation delivery strategies are complementary to these processes. The evidence suggests fundamentally new 
products were designed in collaborative bottom up processes. The role of the state and global non-profits in 
harnessing frugal innovations for public health was found to be critical.   

1. Introduction 

Most medical devices in developing countries have been designed for 
use in high income countries and as much as three quarters do not 
function in their new settings, in contrast to only 1% in high-income 
countries (Marks et al., 2019; Howitt et al., 2012; WHO, 2010a, 
2010b; Perry and Malkin, 2011). This immense mismatch in appropriate 
and affordable medical devices (WHO, 2010a), has led to an interest in 
frugal innovations in global health (WHO, 2012; Howitt et al., 2012). 
There also exists a dynamic stream of technology and management 
literature on frugal innovations from multinational corporations and 
large firms seeking to expand their footprint in emerging markets 
(Radjou et al., 2012; Khanna and Palepu, 2010; Prahalad, 2006; London 
and Hart, 2004). While many studies focus on medical devices (Agarwal 
et al., 2019; Winterhalter et al., 2017; Govindarajan and Trimble, 2012; 
Zeschky et al., 2011), limited attention has been paid to innovative 
manufacturing SMEs in emerging markets as sources of frugal medical 
devices. 

The term 10/90 gap was coined some twenty years back to highlight 
that only 10% of global health research expenditure is devoted to health 

needs of developing countries, which account for 90% of the population 
(Global Forum for Health Research, 2004). Although MNCs differentiate 
their products to meet culturally specific markets, as a rule these dif-
ferentiations are minor variations of their core technologies (Kaplinsky, 
2011; Gassmann and von Zedtwitz, 1999) and ‘stripped down” versions 
of their basic products (The Economist, 2010). In order to develop 
context specific products, many MNCs have established R&D centres in 
developing countries and employed local teams. However, data on 
global sales, patenting, and research and development spending (WHO, 
2010a), confirms the earlier discourse - that the dominant source of 
innovation by far continues to be high income countries, who focus on 
their own markets. Frugal medical devices are often designed to solve 
problems in the developing world where a large percentage of the 
population is dependent on public health. The target market for medical 
devices is therefore not only the individual and privately insured 
customer, but also governments, NGOs and international donors. The 
development of appropriate medical devices and their accessibility has 
direct consequences on healthcare delivery in low- and middle-income 
countries. With many financial and other barriers disincentivizing 
MNCs to develop frugal medical devices settings, it prompts the need to 
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better understand local firms as alternate and complementary sources 
for frugal medical device innovations. 

This article focuses on this particular issue: What kind of medical 
devices do innovative manufacturing firms in emerging markets offer? 
Additionally, it investigates: How do these firms overcome challenges to 
innovate in a resource constrained setting? The theoretical foundation 
for the analyses is drawn from innovation literature in developing 
countries (Srinivas, 2020; Kraemer-Mbula et al., 2019; Cozzens and 
Kaplinsky, 2013; Srinivas and Sutz, 2008; Lall, 1992; Wells, 1983; 
Lecraw, 1977); and is based on primary and secondary data from firms 
in South Africa. 

South Africa with its emerging local medical devices manufacturing 
sector provides a fascinating setting for this research. Despite being an 
upper middle-income country, South Africa shares with other African 
nations similar institutional and structural challenges and tensions in 
balancing economic growth and social development (Chakma et al., 
2010) The country has a well-established science and technology 
infrastructure under the Department of Science and Innovation; and 
Council for Scientific and Industrial Research. There are academic in-
stitutions par excellence such as the University of Cape Town, a legacy of 
biomedical innovation and a culture of research. However, owing to its 
colonial and apartheid history, South Africa has emerged as the most 
unequal country in the world (World Bank) representing a dual econ-
omy. One of the areas where this duality is prominent is in its healthcare 
system. While private healthcare is at par with some high-income 
countries, the public healthcare system which supports 84% of popu-
lation is acutely under-resourced (Mayosi et al., 2009; Akazili and Ata-
guba, 2010). All this makes frugal innovations from medical devices 
firms in South Africa a very exciting and yet unexplored area of study. 

This paper contributes to the scholarship on medical device frugal 
innovation by bringing together parallel and complementary literature 
in global health and innovation studies. It explores an important yet 
under researched innovation actor using empirical evidence from 
fieldwork in South Africa. More specifically, it opens up discussion on 
the role of innovative medical device manufacturing firms in the Global 
South with deep appreciation of the environment they seek to impact, as 
sources of frugal product innovation. Second, adapting a global health 
framework, it systematically analyses six medical device innovations for 
frugality offering fresh insights backed with new empirical evidence to 
the frugal innovation discourse. Third, it offers an insight to firm level 
innovation in a resource constrained setting in a sector typically in the 
purview of MNCs and western firms. Fourth, within this context, it 
draws particular attention to the critical role of the state and global non- 
profits in fostering frugal innovations for public health. Fifth, it explores 
the hybrid nature of firms and the overlap of frugal and social innova-
tion. Sixth and last, it argues, in line with development scholars, that the 
evaluation of frugal innovation calls for a broader analytical lens with 
closer attention to access and societal impact, as against an overt focus 
on technology and business. 

This paper is structured as follows. Section 2.0 reviews three areas of 
literature guiding this study –innovation in resource constrained set-
tings, a conceptual understanding of frugal innovation and frugal 
medical devices in the context of global health. Section 3.0 sets out the 
research design and has several subsections including introducing the 
research setting and case studies. Sections 4.0 draws out the results 
highlighting the frugality analysis of the innovations and key innovation 
strategies to overcome resource constraints. The last two sections, 5.0 
and 6.0 discuss the results and conclusion suggesting future areas of 
research. 

2. Literature review 

2.1. Innovating in resource constrained settings 

Firm level innovation in developing countries remain understudied, 
particularly African enterprises (Kraemer-Mbula et al., 2019), existing 

as a “black box” in the minds of policy makers (Lorentzen, 2009). 
Innovation systems literature (Edquist, 1997; Freeman, 1995; Nelson, 
1993) initially focused on advanced countries and in the creation of 
frontier level technologies (in medical devices see Blume, Gelijns and 
Rosenberg, Metcalfe). Literature on emerging country MNCs (Wells, 
1983; Lecraw, 1977; Ghymn, 1980; Lall, 1992) highlighted strategies 
like small scale manufacturing, flexible technology and machinery; and 
labour intensive processes. Use of local resources and ethnic products 
from these firms reflected the home environment and was suitable for 
needs of other similar countries. Previous frugal innovation studies have 
captured how developing country firms follow a more unstructured, 
lean, flexible and agile processes (Radjou and Prabhu, 2015; Radjou 
et al., 2012). However, much of this is from a business and management 
perspective, in many cases in low technology and consumer products. 
There is little exploration how these frugal practices manifest in a tech-
nology intensive sector with high regulatory barriers for local firms 
operating in areas typically dominated by western firms. 

The challenge to innovating in a resource constrained setting is 
“more structural, institutional and permanent.., closely linked to several 
historical contingencies and policy choices in industrialization” (Srinivas 
and Sutz, 2008, p. 6). Further the current global context also offers 
enormous additional barriers to firms in developing countries (Cirera 
and Maloney, 2017). The notion of “scarcity induced innovation” where, 
in contrast to abundance, scarcity “fuels necessity of a particularly urgent 
and vulnerable variety” (Srinivas and Sutz, 2008, p. 3) cannot be suffi-
ciently appreciated without a deeper insight of the institutional context. 
Developing countries are characterized by a fragmented and inefficient 
technology - innovation systems. There are institutional voids and sys-
temic gaps where several categories of formal institutions are either 
non-existent, or do not perform optimally (Khanna and Palepu, 2010; 
Intarakumnerd et al., 2002). Prior research suggests that western com-
panies need to develop social embeddedness (London and Hart, 2004) 
and local organizational structures (Zeschky et al., 2011) to understand 
local context. On the other hand, domestic firms leverage their experi-
ence in dealing with these challenges (Soni and Krishnan, 2014; Hos-
kisson et al., 2000). Much literature has been dedicated to this lack of 
institutional infrastructure as the primary exploitable characteristic of 
emerging markets (Khanna and Palepu, 2010). However, there is little 
acknowledgement in the frugal innovation literature of how these bar-
riers disincentivise innovation in local firms. For example, technology 
institutions such as agencies focusing on quality, standards, metrology, 
technical extension, R&D and technical training, taken for granted in 
industrialized countries, may be inefficient or absent in emerging mar-
kets. While internal factors like strong leadership and technological 
capabilities are important for SMEs, due to their limited resources their 
success depends on leveraging external sources (Hoffman et al., 1998). 
Within a context of institutional voids, these collaborations and external 
linkages are even more critical but not always available. As a result, 
firms tend to remain isolated despite being locally strong (Srinivas and 
Sutz, 2008). Another issue in developing countries is that resources are 
concentrated in public research organizations and universities in high 
technology innovations, with less policy attention towards incremental 
or design innovations in private firms (Bell and Figueiredo, 2012). For 
SMEs in medical devices, limited financial resources is the foremost 
challenge while competition from international companies and public 
perception and trust are other important deterrents (WHO, 2012, 2016). 
While many studies observe failures of local firms to scale or the 
“paradox of scale and size” (Soni and Krishnan, 2014; George et al., 
2012), concrete empirical evidence on how these institutional chal-
lenges relate to failure to scale is largely missing. 

2.2. Frugal innovation – concepts and characteristics 

Frugality has always existed in some form. Historically, frugal 
innovation depicted resource scarcity and affordability, but in its current 
manifestation it is also to do with unmet needs of the growing 
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population and institutional voids (Bhatti and Ventresca, 2013). How-
ever, its meaning varies across disciplines and there is no unifying 
definition for frugal innovation (Hossain, 2018). Some scholars 
conceptualize it as a product, some offer a process centric view while 
others define it as a combination. For example, both Zeschky et al. 
(2014) and Weyrauch and Herstatt (2017) take a product centric view. 
They identify frugal innovations as original products specific for 
resource constrained settings, and different from cost or good enough 
innovations (Zeschky et al., 2014), meeting criteria of significant cost 
reduction, concentration on core functionalities and optimal perfor-
mance (Weyrauch and Herstatt, 2017). In contrast Basu et al. (2013) 
identify it as a bottom up process characteristic of developing countries, 
driven by necessity and resulting in functional products. Similarly, 
Bhatti (2012) takes a more process centric view suggesting the rede-
fining and reconfiguring business models and value chains to create 
more inclusive markets by serving users with affordability constraints, 
often in a scalable & sustainable manner. In a more combinative 
approach, Bound and Thornton (2012) observe that it is a mix of 
distinctive methods, techniques, products and services born out of lim-
itations in resources resulting in dramatically lower cost. Documenting 
frugal approaches in the medical field during the COVID – 19 pandemic, 
Harris et al. (2020) also identify a combination of repurposing, reusing 
and rapid deployment, in addition to affordability. Soni and Krishnan 
(2014) suggest that frugal innovation is comprised of a frugal mindset, a 
frugal process and a frugal outcome, which may be found separately in 
different types of frugal innovators. Soni and Krishnan (2014) also 
conceptualize these three types of innovators as - grassroots, domestic 
firms and MNC-subsidiary; observing that each have a distinctive 
motivation and style; and operate at different levels. This study offers 
insights to extend some of these conceptualisations with empirical evi-
dence. In this paper frugal innovation is understood as a product, but it is 
also the manifestation of frugal mindsets, design, manufacturing and 
delivery processes, without which a frugal outcome would not be 
possible. 

As a departure from the idea of jugaad or makeshift arrangement and 
contrary to earlier perceptions of cheap, simple and good enough al-
ternatives, frugal innovation is being recognised in some cases resem-
bling mainstream technological product innovations. Rao (2013) 
through a systematic analysis notes that frugal innovations can also be 
disruptive and harness cutting edge technology. Frugal innovations can 
be disruptive, from the perspective of a new product architecture (Rao, 
2013) or new market perspective (Zeschky et al., 2014). For these 
complex technological products, which significantly push the cost per-
formance frontiers through drastic architectural changes, Lim and 
Fujimoto (2019) propose the term frugal radical innovations. However, 
the prominently researched sources of technology driven frugal in-
novations are still from MNCs and western firms, and little research 
exists about similar innovations from SMEs in developing countries. 

The boundaries of frugal innovation are fuzzy. It has been used 
synonymously with other types of innovations (jugaad, inclusive, 
grassroots, BoP, social innovation etc.) and more attention to societal 
relevance is paid in some of these other innovation forms. The inter-
section of frugal and social innovation in healthcare is particularly 
relevant to this study. Common examples which are fluidly cited under 
both are Jaipur foot (a low cost prosthetics), Aravind Eye Clinic (which 
offers low cost cataract surgery) and Narayan Hrudayalaya (affordable 
and world class heart surgery). Some studies such as Bhatti (2012) have 
explored the finer nuances between the two. Bhatti observes that the 
success of the Aravind Eye Hospital was a result of innovating at the 
intersection of technological (local manufacturing of intraocular lens to 
replace expensive imports) and social innovation (business model with 
differential pricing). While these cases highlight how healthcare has 
been made accessible to low income consumers at subsidized costs, 
explicitly demonstrating their social mission, not all frugal innovations 
have underlying social objectives. In much of its conceptualization, 
particularly when innovation sources are mainstream firms, there is 

relatively less engagement on its societal impact. In fact, development 
literature has questioned this lack of attention to societal impact and 
overt focus on technology and business within the discourse (Leliveld 
and Knorringa, 2018; Meagher, 2017; Knorringa et al., 2016; 
Papaioannou, 2014; Dolan and Roll, 2013; Arora and Romijn, 2011; 
Karnani, 2007). In the global health literature also, the Priority Medical 
Device Project (WHO, 2010a) proposed the framing of medical devices 
as an agenda to improve global access to appropriate products. It drew 
attention to downstream issues of access and use, beyond the single 
minded focus on innovation and technology. While in recent literature 
Lim and Fujimoto (2019) have proposed a framework to characterise the 
properties of frugal into technical, economic, demand and supply side 
impact, this is also more from the perspective of technological archi-
tecture and reorganization of industry structure. This points towards a 
need for a broader framework of analysis to include access and societal 
relevance of frugal innovations and is adopted in the methodology. 

2.3. Frugal medical devices and global health 

The lack of appropriate medical devices to meet the needs of low-and 
middle-income countries (LIMCs) has long been a global health concern 
(Marks et al., 2019; Howitt et al., 2012; WHO, 2012; 2010a, 2010b; 
Perry and Malkin, 2011). Within the frugal innovation discourse, there is 
substantial literature offering valuable insights on medical devices from 
western MNCs such as Philips, Mettler Toledo, GE, Qiagen, Siemens etc., 
some having subsidiaries in emerging markets. Much of the literature 
has focused on business models and R&D patterns. For example, 
Govindarajan and Trimble (2012) investigate GE’s Vscan – a portable 
handheld ultrasound machine. Developed by GE’s R&D centre in China 
for the Chinese market, it was subsequently sold in western markets as a 
reverse innovation. Examining business models both MNCs and Indian 
SMEs in medical device and laboratory equipment, Winterhalter et al. 
(2017) investigate how firms can capture new market segments. They 
also identify two distinct types of R&D approaches - technology transfer 
and decomposition of multipurpose machines to focus on a single 
problem (ibid.). Zeschky et al. (2011) suggest that frugal innovations 
cannot be easily derived from existing Western products and companies 
need local organizational structures to understand needs of the 
resource-constrained consumers. In contrast, investigating a Swedish 
medical device firm, Altmann and Engberg (2016) suggest that for 
products based on breakthrough technology, home-based R&D repre-
sents a more efficient approach as opposed to establishing local orga-
nizational structures. Literature is scarce on innovative SMEs in 
developing countries, particularly with manufacturing capabilities 
where frugal processes driving the innovation can be understood. Also, 
the complexity of resource constrained settings requires deconstructing 
the context to not only the technical and physical environment, but 
broader considerations about people, culture, nature, society etc. in a 
holistic and integrated design framework (Jagtap, 2021; Jagtap and 
Larsson, 2019; Aranda-Jan et al., 2016). The appreciation of this 
complexity requires a degree of embeddedness inherent in local firms 
and calls for a better understanding of these firms as innovation sources. 

There has been enormous attention to frugal innovations in health 
has from scholars and practitioners (Hossain, 2017). However, diffusion 
of frugal innovations is not well researched (Hossain et al., 2016), 
particularly in what ways frugal innovations can be diffused through 
public healthcare is still emerging. Two studies which have examined 
adoption of frugal innovations in public health settings are by Bianchi 
et al. (2017) and Prime et al. (2018). Bianchi et al. (2017) study two 
innovations in a public hospital in Uruguay –a device for image guided 
surgery and a human milk pasteurizer. They note the importance of 
informal collaborations in innovation development and public policy in 
diffusion (ibid). Prime et al. (2018) examine potential savings in public 
health in the UK by adopting the Arbutus Drill Cover System - a low cost 
alternative to specialized drills used in orthopaedic surgery, developed 
for a hospital in Uganda. Using primary and secondary data, this study 
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aims to contribute towards breaking fresh ground in the understanding 
of innovative manufacturing firms in emerging markets in an area crit-
ical to development. 

3. Research methodology 

An emerging, dynamic and complex phenomena not easily explained 
by a single established theoretical lens, is best explored qualitatively 
using a case study methodology and multiple cases (Yin, 2014). The 
purpose of selecting multiple case studies was to overcome any weak-
ness of specificity and to enhance validity (Yin, 2014; Eisenhardt, 1989). 
Additionally, it was also to analyse the variations and common thread 
among them as they are influenced by similar national policies and 
therefore bear some relationship with each other. The unit of analysis is 
the firm embedded within the technology and innovation system. Four 
to six case study firms were thought to be manageable. A study by 
Goodman et al. (2017) focusing on stakeholder roles in sustainable 
based innovations, offered a useful reference for the research method-
ology though it has larger number of cases. Frugal innovations from 
these firms were identified through purposeful sampling (Patton, 1990). 
Understanding systemic conditions through desk research and in-
teractions with other local actors also formed part of the study. Multiple 
sources of evidence and a triangulated approach through semi struc-
tured interviews, documentary evidence, publications on clinical trials 
and others were used for data collection (Yin, 2014). 

3.1. Research setting 

Despite the world class biomedical research in South Africa, there are 
few companies who have successfully commercialized their products 
(Chakma et al., 2010). The sector is dominated by multinational cor-
porations selling mainly imported products and represented by the 
South African Medical Device Industry Association. Local medical de-
vice manufacturing is emerging and is represented by Medical Device 
Manufacturers of South Africa. Local medical device manufacturing 
comprises mainly of in vitro diagnostic products, implants (orthopaedic, 
cardiac, dental etc.) and surgical devices most of which are exported 
(WHO, 2012). Several institutions which impact the sector have un-
dergone restructuring or are being established. For example, the Tech-
nology Innovation Agency (TIA) which is the main agency for 
pre-commercial funding formed in 2013 by merging older biotech-
nology innovation centres. The central authority governing the import, 
purchase, use etc. of medical devices, the South African Health Products 
Regulatory Authority (SAHPRA) was also established only in 2015. Still 
in process of becoming fully operational, this transition poses formi-
dable challenges for the industry (Saidi and Douglas, 2018). In 2013, the 
Global Health Innovation Accelerator was launched as a collaboration of 
South African Medical Research Council and non-profit PATH to facili-
tate late stage development and introduction of frugal innovations in 
Africa. Driving innovation demand, the main organizations for public 
procurement of medical devices are the Department of Health, and 
Department of Trade, Industry and Competition. As an integrated 
approach to address the fundamental issue of racial inequality of the 
apartheid era, all enterprises in South Africa operate within the legis-
lative framework of the “Broad-based Black Economic Empowerment 
Act, 2003”. Public procurement is linked to empowerment ratings and 
no separate preferential procurement policies exist for locally manu-
factured products, leaving them exposed to stiff international 
competition. 

3.2. Case study selection 

Local medical device firms were identified from desk research, with 
industry association websites being the key information sources. The 
local medical device manufacturing is assembly based and there are few 
innovative firms, or they are within university setting or still in start-up 

stage. From about twenty firms initially selected, fifteen were inter-
viewed. The final selection of case studies was based on the following 
criteria. Firms (i) have products in the domestic market indicating that 
these were preferred over competing products due to their ‘frugal’ 
characteristics; (ii) are innovative as indicated by internal R&D capacity, 
infrastructure, technical personnel etc.; (iii) have manufacturing capa-
bilities which would provide an opportunity of understanding frugal 
production processes; (iv) be in mature/growth stage, indicating they 
are sustainable economic entities; and (v) willingness to share infor-
mation and be part of the study. While a total of six firms were selected 
and their orientation was studied, challenges of only the four private 
firms are explored in more detail. This was on the assumption that 
similar challenges would be less prominent in spin offs. 

3.3. Data collection and sources 

This article is based on primary and secondary data on small and 
medium medical device manufacturing firms in South Africa as is 
detailed in Table 1. At the onset, desk research was carried out to un-
derstand the sector and the innovation system. Primary data was 
collected in three phases over several months of fieldwork between July 
2018–September 2019 and is based on informed consent from the firms 
to use the data for academic and policy purposes. Few online (due to 
COVID-19 pandemic) interviews were also carried out at a later stage. 
Primary data consisted of semi structured interviews and in some cases a 
questionnaire, both built along the lines of Community Innovation 
Survey (OECD/Eurostat, 2018). The interviews aimed to capture the 
stories and underlying layers of complexity not achievable in a ques-
tionnaire and had the following broad lines of enquiry or themes: 
background and evolution of firms, product portfolio and innovation 
characteristics, process/operations and experience and challenges. 
Following the guidelines of Oslo Manual (OECD/Eurostat, 2018), it was 
anticipated that these were small teams headed by a very busy own-
er/entrepreneur, who may not have the time to complete surveys or 
assign it to someone not fully knowledgeable. With this understanding 
the most important primary source were the interviews. The broader 
study involved about forty interviews with firms, academics and gov-
ernment officials. Though they are not directly related to the selected 
case studies, by revealing information and experiences which would not 
have emerged from the selected cases, they have enhanced overall un-
derstanding and indirectly influenced the data analysis. All interviews 
were audio recorded for transcription. The term “frugal innovation” is 
not commonly used amongst local firms in South Africa. “Inclusive 
innovation” is more widely used and relevant given the pervasive in-
equalities in the society; and implying broadly similar phenomena, 
notwithstanding differences in philosophical lineages (Onsongo and 
Knorringa, 2020). 

3.4. Analysis of data 

Data analysis was carried out in phases over time, beginning soon 
after completion of the first stage of fieldwork and conducted through an 
iterative process moving between theory and data (Eisenhardt, 1989). 
For each firm, after transcription of the first interview an initial holistic 
coding (Miles et al., 2014) along the four themes of enquiry was done 
manually representing first cycle coding mentioned under data collec-
tion. With each additional interview, these pillars were strengthened 
with more information. Going back to the firms multiple times helped to 
gauge the consistency of information as well as to wean out important 
issues repeated in more than one interview. Based on this, data was 
reinterpreted, and the description refined. In the second cycle, in vivo 
coding was done for each case and cross case for each of these themes 
and the dominant quotes compiled in a matrix. An extract of some 
exemplar quotes is summarised in Table 4. 

The core objective was to understand how firms in resource con-
strained settings and operating in a technology intensive sector 
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overcome challenges to innovate. However, since the broader interest in 
these firms is due to their role in addressing local needs by offering more 
frugal products, this orientation of firms was explored by analysis of one 
of their key products from their portfolio. Both in the interview and 
questionnaire, special attention was paid to capture behaviour/orien-
tation of the firm in the context of frugal innovation. However, the 
questionnaire was not completed by all the firms. The frugality analysis 
was done by adapting an existing framework proposed as part of the 
Priority Medical Devices project of the WHO (2010a) which proposed 
the framing of medical devices as an agenda to improve global access to 
appropriate products with four criteria for measurement “4 
As”—Availability, Accessibility, Appropriateness, and Affordability. 
These components are redefined in the framework (Fig. 1) for this study, 
retaining the core framing of the WHO report. A substantial part of 

technical information for frugality analysis was extracted from second-
ary sources such as peer reviewed articles, company websites, social 
media pages, newspaper articles, press releases, YouTube videos and 
websites of partnering organizations. These also helped to corroborate 
claims made by the firms about their products and collaborations; and to 
double check findings from the interviews (Miles et al., 2014). 

3.5. Case studies 

This section introduces six case studies of local firms in South Africa 
who have successfully designed and brought medical device innovations 
to market. Four of these are private firms and two have emerged from 
university setting. Table 1 summarizes the innovation profile of these 
firms. It may be important to mention here that many of these firms exist 

Table 1 
Overview of primary and secondary data sources.  

Firm Interview Period of Collection Total Duration Other data sources 

eMoyo Technologies Founder March 2019 
September 2019 
November 2020 
(online) 

210 min https://emoyo.net/ 
Questionnaire 
Documents shared by interviewee 
Swanepoel et al. (2013) 
Visagie et al. (2015) 

Sinapi Biomedical Founder & MD 
International Sales Manager 
Professor, Obstetrics & Gynaecology, Stellenbosch 
University 
Senior Programme Officer & Senior 
Commercialization Officer (PATH) 

February 2019 
August 2020 
(online) 
November 2020 
(online) 
September 2019 
February 2021 
(online) 

300 min https://sinapibiomedical.com/ 
https://ellavi.com/; 
https://www.path.org; 
Technical presentations shared by 
interviewee. 
Theron and Mpumlwana (2021) 
Suarez et al., 2020 
Georgiou (2009) 

Shonaquip Social 
Enterprise 

Founder & Executive Director September 2019 
December 2020 
(online) 
October 2019 

160 min 
Extensive interaction at the 
author’s institute 

https://shonaquip.co.za/ 
Questionnaire 
Driver-Jowitt (2017) 
Scheffler (2009)WHO (2006). 

Medical Diagnostech R&D Head/COO 
Finance Manager 

September 2019 
February 2021 
(online) 

130 min Questionnaire 
https://www.youtube.com/watch? 
v=Y5-j2AXueDI 
Department of Science & Innovation 
(2020) 
Chakma et al. (2010) 
Haggag et al. (2017) 
Oliveira et al. (2018). 

Altis Biologics Founder &CEO March 2019 90 min Questionnaire, https://www.altisbio 
logics.com/ 
Documents shared by interviewee 

Lodox COO 
R&D Personnel 
Sales Manager 

March 2019 80 min Questionnaire 
https://lodox.com 
Yang et al. (2016)  

Fig. 1. Framework for Frugality Analysis of Medical Devices. Source: Adapted from 4As framework in the Priority Medical Devices Project (WHO, 2010a).  
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as more than one entity or have existed as other legal entities in the past. 
Some had developed products before formal registration as current en-
tities while others started full operation some years after registration. 

3.5.1. Advanced design & manufacturing and global health partnerships: 
Sinapi Biomedical 

Sinapi Biomedical is a Stellenbosch based medical device firm owned 
and managed by a mechanical engineer with diverse industrial experi-
ence. Fully operational since 2006, it has advanced engineering and 
manufacturing capabilities and employs over 150 people. Since its 
establishment Sinapi has commercialized several affordable products 
aimed at improving healthcare access in South Africa and other devel-
oping countries. These include a chest drainage, urinary drainage, 
feeding cup, TB sputum container and most recently a uterine balloon 
tamponade (Ellavi). All products carry CE mark. Some like the chest 
drainage, which the firm identifies as its most successful product, is also 
exported to Europe. Sinapi has a large design and engineering team 
which works collaboratively with external experts. The firm has 
received recognition from Grand Challenge Canada for its innovation. It 
has a long term association with the global health non-profit PATH 
(Programme for Appropriate Technologies in Health). Together with the 
South African Medical Research Council, this collaboration has resulted 
in the design and commercialization of Ellavi. While the company has 
received some grants from international donors, Technology Innovation 
Agency (TIA) and Department of Trade, Industry and Competition, its 
main source of funds are commercial banks. 

3.5.2. Hybrid business and government partnerships: Shonaquip social 
enterprise 

Shonaquip (Pty) Ltd designs and manufactures paediatric wheel-
chairs for children who need more postural support than a traditional 
wheelchair and for use in resource constrained settings. Founded in 
1992 by Shona McDonald to create a solution for her own daughter, the 
company started out of the proverbial garage. Imported adult wheel-
chairs were both prohibitively expensive and inappropriate. The first 
wheelchairs were developed in collaboration with the University of 
Cape Town. Subsequently with a grant from Nelson Mandela Children’s 
Fund Madiba Buggy was designed. Shonaquip has a full production unit 
where thirty percent of staff have some form of disability and are fully 
integrated through ergonomic workstations and other means to create a 
truly inclusive environment. The mainstream enterprise operates as a 
hybrid together with its non-profit arms. McDonald is a globally rec-
ognised social entrepreneur and has also been part of WHO committee 
for developing guidelines for manual wheelchairs for low resource set-
tings. While Shonaquip’s primary client is the South African govern-
ment, the company also exports to other developing countries. Recently 
some of its products have been granted CE mark, for export to Europe. 

3.5.3. Frugal disruptive innovation and large international market: eMoyo 
technologies 

eMoyo Technologies, was founded in 2013 by a medical doctor with 
a passion for automating primary healthcare delivery. Dirk Koekemoer 
left his practice in the late nineties to develop medical software and even 
pioneered a telemedicine project connecting pharmacies and call centres 
with doctors. Working in partnership with two engineers KUDUwave 
was conceptualized and developed over seven years. It was launched in 
2008 before the current company was formally registered. eMoyo has 
two key products - the other being a lung function testing machine (Orca 
Spirometer). Almost one third of the company’s staff works in design 
and development resulting in continuous improvements in software to 
add new features, improved calibration etc. Manufacturing is ISO 13485 
with 3D printing facilities. Currently, its market is largely overseas even 
though products were designed with the initial intention of addressing 
local needs. eMoyo has launched a somewhat cheaper audiometer for 
the African market, a slightly differentiated product having all the 
essential features and certifications of the full version. 

3.5.4. Frugal manufacturing, sales partnerships and demand driven 
innovation: Medical Diagnostech 

Medical Diagnostech (Pty) Ltd specializes in rapid diagnostic test kits 
and was founded in 2010 by a then fresh biotechnology graduate from 
University of Western Cape. Prior to this, the company existed as a 
different entity (Real World Diagnostics) and was incubated by Acorn 
Technologies. During this time, the company developed rapid test kits 
for HIV and malaria which were found to be cheaper than alternatives 
available in South Africa. Operating in a highly competitive space, the 
company focuses on niche markets for low income groups not catered by 
large companies. It is also trying to diversify into other novel forms of 
diagnostics such as application based techniques for detection of drug 
abuse. Medical Diagnostech has won government funding to develop 
and supply antigen based test kits for South Africa’s COVID -19 man-
agement. The manufacturing facility is ISO 13485 certified, complete 
with some equipment designed and fabricated locally to reduce cost. 
There is an inhouse laboratory with a three member R&D team and an 
agreement with University of Western Cape for recruiting student in-
terns. Direct marketing is limited and most of its sales is through another 
well established South African company (ICT Diagnostics). Contract 
manufacturing of high value diesel test kits also forms a substantial part 
of its business. 

3.5.5. University spin offs, technological innovation and R&D funding: Altis 
Biologics and Lodox Systems 

Altis Biologics is a spin off from University of Witwatersrand and 
specializes in orthopaedic and dental implants based on regenerative 
medicine. Founded in 2001 by a nationally acclaimed scientist and 
techno entrepreneur to commercialize his doctoral research, the com-
pany received innovation grant from the Technology Innovation Agency 
in 2005 as part of a consortium. Altis has two proprietary technology 
platforms and carries out the entire development chain from laboratory, 
preclinical and clinical development, through to market. One of its 
products, Endogen IVT, an implant for complex fractures and bone 
disease received regulatory approval in South Africa in 2005. This is 
manufactured at Tshwane University of Technology Centre for Tissue 
Engineering and marketed by Bone South Africa, a Public Benefit Or-
ganization. The company has set up production facility for osteogenic 
bone matrix (OBM) – a product from porcine sources, at the Innovation 
Hub in Pretoria. Altis has multiple domestic and international R&D 
collaborations and is working towards CE certification for its products. 

Lodox Systems (Pty) Ltd emerged from a collaboration between 
University of Cape Town and De Beers in the nineties to develop a low 
dose x-ray security scanner to detect theft in diamond mines. Lodox 
Systems was formed in 2002 to commercialize this technology for 
healthcare with a loan from the Industrial Development Corporation. 
Initially operating as a project with De Beers, it is now based in 
Johannesburg. Groot Schuur Hospital, a public academic hospital was 
actively involved in the pre-commercialization process and clinical tri-
als. Some researchers who were part of the original research and 
development project continue to be part of the current team. Lodox has 
two products targeted for trauma and forensic use, which are CE and 
FDA approved and exported globally. 

4. Results 

4.1. Orientation of firms: product portfolio and frugality analysis 

All six firms in this study have one or more products which have been 
used in the domestic South African market. To depict the orientation of 
the firm towards frugality, one innovation from each firm is selected and 
discussed in Table 3. Some firms, like Sinapi and Shonaquip, address 
problems found typically in the developing world. Sinapi, is a main-
stream company, but observes that “for some reason we have got into 
products meant for the developing world like India, Africa and South 
America”. While each product of Sinapi has one or more frugal 
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component, Ellavi - a low-cost uterine balloon tamponade (UBT) for 
treating post-partum hemorrhage (PPH) is explored. Products from 
Shonaquip are “uniquely designed to fill a gap … there was no equivalent 
product”. In addition to being more appropriate for African settings, a 
standard Shonaquip device costs less than one third of imported devices. 
Madiba2goBuggy, which is an upgraded version of the company’s first 
product and South Africa’s first standardised paediatric wheelchair 
developed in the nineties is analysed here. Ellavi and Madiba2gobuggy 
have high levels of frugality as per the adopted framework. These two 
firms are more driven by product design and engineering based 
innovation. 

eMoyo Technologies, Altis Biologics and Lodox Systems have prod-
ucts based on complex technologies, but there are differences in how 
these firms originated and their product characteristics. eMoyo’s 
KUDUwave emerged from a motivation to overcome challenges to 

traditional audiometers in low resource settings and has characteristics 
of a radical frugal innovation. Its use was demonstrated in the South 
African government’s decentralized multi drug resistant -TB programme 
between 2015 and 2016, to track ototoxicity. A side effect from TB 
drugs, hearing loss can happen within a month and requires close 
monitoring. Five thousand patients living primarily in remote rural 
provinces were effectively monitored using the KUDUwave, a task which 
would have otherwise been impossible. Unlike eMoyo, Altis Biologics 
and Lodox are spin offs from academic environments and have funding 
from government agencies. Their innovations address problems more 
universal in nature, offering equivalent and sometimes superior solu-
tions to competing products but at significantly less price. For example, 
the osteogenic biomaterial (OBM) based implant from Altis comes at a 
fraction of the cost of competing imported products. “Some of the com-
panies offering these solutions do not even market their products in developing 

Table 2 
Innovation profiles of firms.  

Firm Sinapi Biomedical Shonaquip Social 
Enterprise 

eMoyo Technologies Medical Diagnostech Altis Biologics Lodox Systems 

Registration/ 
Year of 
operation 

2006 1992 2013 2010 2001 2002 

Location Western Cape Western Cape Gauteng Western Cape Gauteng Gauteng 
Characteristics 

-Stage/Type 
Mature, engineering 
and product design, 
contract 
manufacturing 

Mature, hybrid social 
enterprise, engineering 
and product design 

Growth stage new 
technology business 

Growth stage 
Diagnostics based 

Growth stage spin- 
off, 
new technology 
business 

Mature, spin-off, 
new technology 
business 

No. of people ~150 ~75 ~30 ~25 ~10 ~48 
Product 

Portfolio 
Chest & Urinary 
drainage, Feeding cup, 
TB sputum container, 
Uterine Balloon 
Tamponade 

Customized paediatric 
wheelchair for resource 
constrained settings 

Lung function testing 
machine and Portable 
audiometer 

Diesel testing kits, Point 
of care diagnostics for 
HIV, drugs of abuse, 
malaria, pregnancy and 
Schistosomiasis 

Orthopaedic and 
dental implants using 
regenerative 
medicine 

Trauma and Forensic 
scanner 

Innovation 
Capabilities  

• R&D & engineering 
– 9  

• International 
patents, Industrial 
Designs, 
Trademarks, 
Knowhow  

• ISO 13485, ISO 
9001 certified 
manufacturing  

• Sterilization plant - 
ISO 11135 certified  

• Domestic and 
international 
supplier network  

• Periodic 
organizational 
changes – 
recruitment, 
restructuring  

• R&D - 3  
• Industrial Design,  
• CE mark on some 

products  
• ISO 13485, ISO 9001 

certified manufacturing  
• Setting up a testing 

laboratory ISO17025 
with an ISO 7176–8 
certified testbed 
modified to test rural 
wheelchairs with longer 
wheelbases  

• Periodic organizational 
changes –restructuring, 
systems approach  

• R&D - 12  
• Provisional patents, 

Industrial design, 
knowhow and trade 
secrets  

• ISO13485 certified 
manufacturing  

• CE Mark devices  
• Periodic 

organizational 
changes – 
recruitment, 
restructuring, new 
business activity  

• R&D – 3  
• In house designed 

equipment  
• Trade secrets, 

knowhow  
• ISO 13485, ISO 

14971 certified 
manufacturing  

• WHO approval for 
malaria kits (Round 
7, prior to pre- 
qualification)  

• Periodic 
organizational 
changes – 
recruitment, 
restructuring, new 
business  

• R&D − 3  
• International 

patents, Industrial 
Designs  

• ISO 13485, ISO 
9001 certified 
manufacturing, 
GMP  

• Technology out 
licenses  

• CE Mark on some 
devices  

• Periodic 
organizational 
changes 
–restructuring, 
new business  

• R&D – 4/5  
• Several technical 

staff  
• International 

patents, 
trademarks and 
industrial design  

• ISO 13485 certified 
manufacturing  

• ISO 17020 for 
certification of 
other firms  

• CE Mark and FDA 
approved devices  

• US subsidiary, 
global sales and 
distribution 
network  

• Periodic 
organizational 
changes 

Key Business  • Design & 
engineering  

• Manufacturing  
• Contract 

Manufacturing  
• Sales - domestic and 

exports  

• Product design & 
development  

• Production  
• Capacity building/ 

services to government  
• Awareness, advocacy & 

activism  
• Sales – domestic and 

exports  
• All the above brought 

together in a systems 
approach  

• R&D  
• Manufacturing  
• Contract Research  
• Sales - mostly 

export  

• Product Development  
• Manufacturing  
• Contract 

Manufacturing  
• Sales –B2B  

• R&D  
• Technology 

licensing  
• Manufacturing  
• Sales – domestic 

and exports   

• R&D  
• Product assembly, 

integration, 
installation & 
service  

• Refurbishment/ 
resale of used 
machines.  

• Inspection of other 
firms  

• Sales – domestic 
and exports  

• R&D  
• Product assembly, 

integration, 
installation & 
service  

• Refurbishment/ 
resale of used 
machines.  

• Inspection of other 
firms  

• Sales – domestic 
and exports  
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countries as they are deemed too expensive”. The main end users are pa-
tients in private hospitals with insurance cover. Similarly, the Trauma 
scanner is another product with universal appeal. It offers a more 
appropriate and affordable solution than a conventional imported X-ray 
scanner. These two products were not conceived as frugal innovations 
and have characteristics of mainstream technological product in-
novations. However, as the analysis in Table 3 reveals, they indicate 
some frugal elements, offering interesting perspectives on the relative 
nature and underlying drivers of frugality. 

4.2. Processes and mechanisms to overcome challenges 

This section focuses on innovation challenges and experiences from 
the four private firms. Some of the key challenges include lack of access 
to funds, policy requirements of the empowerment programme, scarcity 
of required testing and manufacturing services, bureaucratic in-
efficiencies and competition from international companies. Firms in this 
study started as part time initiatives and without any large funding, 
evolving gradually over time as funding was secured for individual ac-
tivities. eMoyo and Shonaquip, were established out of the proverbial 
garage. Entrepreneurs found ways of funding such as through their 
primary jobs, loans from friends and family. Bureaucracy, shifting pol-
icies and lack of clarity around requirements to meet BBBEE adds to the 
cost and non-compliance results in disqualification from government 
dealings. Firms worked around these challenges by reorganization of 
business. Table 4 shows select interview quotes to depict challenges and 
strategies to overcome them. Table 5 summarizes key mechanisms at 
each stage of the innovation process, some of which are discussed in 
more detail below. 

4.2.1. R&D and product development 
R&D here is indicated in the broad sense of activity including not 

only early stage product development and prototyping but also beta 
prototyping, testing and certification, clinical trials. All the firms in this 
study have internal R&D capabilities (Table 2) as well as one or more 
collaborations, both domestic and international (Table 5). In eMoyo, 
which has almost one third of its employees dedicated to R&D, product 
development is currently largely internal to the firm, but there have 
been many informal partnerships with local universities in the early 
stages. In Sinapi and Shonaquip, where products are design and engi-
neering based, product development is highly collaborative. For 
example, the Ellavi UBT was designed by Sinapi’s strong design and 
engineering team, working together with surgeons and community ob-
stetrics from Stellenbosch University and the global public health non- 
profit PATH. Clinical trials were supported and funded by the South 
African Medical Research Council (SAMRC) and carried out by Stellen-
bosch University in both Western and Eastern Cape hospitals. The 
product was matured and perfected through numerous iterations all 
through the design, development and trial process. The Ellavi received 
CE mark and was launched in 2019. Public research facilities were used 
in the initial stages of product development in many cases. Partnerships 
are not always formal or at institutional level and do not always take the 
form of a formal R&D or project contract. They were also shaped by 
social relationships and shared values not only driven by economic 
goals. Innovation grants from the state do not form a substantial 
component of R&D of the private firms in this study. Support was to-
wards R&D related activities like product testing, clinical trials in aca-
demic hospitals, incubation facilities etc. Some of the firms specifically 
mentioned that employees were flexible, performing multiple functions 
with fuzzy boundaries between the R&D and the rest of the organization. 

4.2.2. Manufacturing and production 
The South African medical device sector is nascent and growing, with 

few innovative manufacturing firms. As such there is no dynamic 
medical device cluster and a well developed technology infrastructure 
specific to medical device manufacturing as would be readily available 

to firms in high income countries. Typical challenges faced by the firms 
in this study include the inability to procure certain services and 
equipment in an efficient and cost effective manner. Primarily firms 
made efforts to increase the extent of inhouse manufacturing to decrease 
dependency on services which may not deliver on time, did not exist 
altogether or were expensive. Where production capacities are high and 
the firm needs to work with a large supplier network, these are vertically 
integrated and closely controlled to ensure product quality. However, 
South Africa has a legacy of high manufacturing capabilities in many 
traditional sectors and firms noted that certain critical services or 
components which require high precision manufacturing were available 
locally. The second challenge was product testing which over the years 
was done overseas at prohibitive costs. Here also firms were trying to 
build inhouse capacities to offset overseas testing costs, which is at times 
prohibitive. For example, Shonaquip is setting up an ISO17025 labora-
tory with an ISO 7176–8 certified testbed for testing wheelchairs for low 
resource settings, which have longer wheelbases than regular devices. 
Such a facility does not currently exist in Africa. The third relates to 
suitable machinery and equipment. While in some cases special ma-
chinery had to be imported, there were also efforts to design or reverse 
engineer equipment to meet specific capacities as is illustrated in the 
following excerpt from Medical Diagnostech: 

“We hired a mechanical engineer to design a machine called a reel to 
reel dispenser. We showed him a youtube video of a similar machine 
and also showed him what the machine is supposed to achieve. Two 
months later he developed a prototype. A high quality machine 
bought from a reputable company would have cost R2.8 million 
(approximately 161000 USD). The machine cost us R150 000 
(approximately 8600 USD) to build ourselves. We also had another 
engineer build reel to reel laminator machines, which costs a quarter 
of the retail price”. 

The locally designed reel to reel dispenser was a frugal alternative to 
an imported machine. It is not as sophisticated and does not have fea-
tures like auto rejection and membrane dipping tanks. Some of the other 
key differences in specifications was that it has only a single axis spray, 
less electronic component and substantially less throughput. However, it 
meets the needs of a small company like Medical Diagnostech. 

4.2.3. Business models for innovation delivery 
Four dominant patterns were found in the delivery of innovations. 

First, for three of the firms, the domestic market is a critical component 
of their business. However, since the South African market is not large 
enough, export is necessary to remain economically viable. Second, 
despite the fact there was no preferential public procurement and firms 
struggle to get through the tendering process, the government is viewed 
as an important customer. Firms in this study have one or more of their 
products being used in public health delivery. Third, in some cases, as 
illustrated below, products to the public sector are offered at differential 
prices or cross subsidized. Even beyond public health, prices are 
differentiated for the local market or a slightly differentiated and 
cheaper version of product is offered. Fourth, the importance of personal 
relationships and social embeddedness of actors in enabling access and 
uptake of frugal innovations. The following case illustrates several of 
these aspects. 

Shonaquip operates as a hybrid social enterprise together with its 
non-profit arm – the Uhambo Foundation, Champions of Change Trust - 
an initiative for lobbying and awareness; and a TVET college to address 
the gap in special education system which leaves children with disability 
inadequately trained. Shonaquip’s primary client is the government. 
While the mainstream firm sells devices through the tendering process, 
Uhambo Foundation offers services on behalf of Departments of Social 
Development, Education; and Health. These also include running sur-
veys and contributing to policy documents. Training, advice, capacity 
building, equipment customisation, maintenance and repair; and mobile 
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Table 3 
Frugality analysis of medical device innovations.  

The Problem/Standard of Care Innovation/Firm General Characteristics Frugal Characteristics Comments 

Post-partum hemorrhage (PPH) is a 
treatable condition that causes 
112,000 deaths annually, 99% of 
which happen in low resource 
settings. Uterine Balloon Tamponade 
(UBT) is an effective method to stop 
PPH. Current options are 
prohibitively expensive or are make 
shift arrangements requiring point- 
of-care assembly which is 
cumbersome in emergency 
situations. 

Ellavi UBT/Sinapi 
Biomedical.  

• A low cost and high quality UBT with 
novel attributes such as a free flow 
system, visual indication of improved 
uterine contractility, faster balloon 
removal and simple pressure control 
mechanism. 

I. Priced at 1/20th of UBTs available 
in developed countries 
II. Single unit pre-assembled sterile 
package to replace makeshift 
solution. Easy to use also for health 
care workers in primary facilities. 
III. In market. Carries CE Mark 
IV. To be offered at subsidized cost for 
public healthcare delivery and 
licensed to other developing countries 
(has already obtained regulatory 
approval in Ghana and Kenya). 

I − IV: High 
Design & 
engineering based. 
Frugal innovation 

Globally 90% of wheelchairs are 
designed for urban areas in high 
income countries. Imported 
equipment is also exorbitantly costly 
for consumers in LMICs. Further 
paediatric wheelchairs, especially 
where more postural support is 
needed, are not easily available and 
use of adult devices for children can 
cause secondary disabilities even 
more complex than the primary. 

Madiba2GoBuggy/ 
Shonaquip  

• Paediatric wheelchair specifically for 
children who need more postural 
support and cannot self-propel  

• Unique seating system with rigid 
adjustable full body and head 
support, to accommodate growing 
bodies. Additionally, tilt-in-space and 
backrest recline allow for optimal 
alignment and postural support dur-
ing functional activities while also 
minimizing the risk of the develop-
ment of postural deformities.  

• Frame with an interface mechanism 
to accommodate a range of imported 
seating systems 

I. Costs less than 1/3 of the price of 
imported equivalent 
II. Rugged off-road posture support 
buggy which can be used on uneven 
terrain such as sand, rocks and hilly 
areas. Has folding base frame, easy to 
transport and store. Locally 
manufactured, repaired and 
maintained 
III. In market, carries CE Mark 
IV. Primarily through public delivery 
with mobile clinics enabling access to 
remote locations. 

I − IV: High 
Design & 
engineering based. 
Frugal innovation 

Worldwide 466 million people have 
hearing disability, of these 34 
million are children with a 
disproportionate number in 
developing countries. Majority of 
these are preventable through early 
detection and intervention. 
However, it is difficult to provide 
audiology services effectively using 
traditional audiology equipment 
which uses a sound booth operated 
by highly trained specialist and 
expensive to purchase, operate and 
maintain. Hearing loss or ototoxicity 
is a side effect of some multi drug 
resistant TB (MDR – TB) treatment. 

KUDUwave – with 
Tympanometer/eMoyo 
Technologies  

• Lightweight and portable 
audiometer, in the form of 
headphones, that enables high- 
quality patient care and fully booth- 
free operation Alternative to tradi-
tional audiology with no direct 
competing product.  

• Reduced chances of cross infection as 
compared to sound booths  

• Unique software and cloud enabled 
features to remotely connect to 
specialists, store and manage data. 

I. Cost of ownership for audiologists is 
between 4 and 10 times cheaper 
depending on the model. Costs R 10 
(approximately 0.57 USD) per 
patient. Slightly cheaper and 
differentiated product sold in South 
Africa. 
II. Quick and efficient. Can test 30–40 
patients a day. Operated by 
healthcare workers and supports 
telemedicine services for patients in 
rural areas. Manufactured, 
maintained and serviced locally 
III. In market. FDA approved and 
carries CE Mark 
IV. Primarily exported. However, it 
has been deployed in government 
decentralized Multi Drug Resistant 
-Tuberculosis (TB) programme in 
2015–2016. 

I − III: High 
IV – Moderate 
Frugal radical 
innovation. 

Schistosomiasis, a neglected tropical 
disease, affecting 280 million people, 
particularly children and a public 
health challenge in many tropical 
countries. The current gold standard 
for testing is by Kato-Katz method 
which requires laboratory testing by 
trained staff of fecal samples 
collected at midday for three days in 
a row. In addition to time, it is 
cumbersome especially in 
community settings and has a 
sensitivity of 66%. 

Point-of-care (POC) test 
for Schistosomiasis 
Medical Diagnostech (Pty) 
Ltd  

• Rapid diagnostic test and a 
convenient point-of-care (POC) 
alternative using urine samples and 
more sensitive than the conventional 
laboratory testing using the Kato Katz 
technique 

I. Significantly cheaper 
(approximately 1.15 USD per test) 
II. Quick testing with results in about 
20 min and as a POC it does not need 
laboratory analysis/infrastructure 
and skilled technicians which is 
particularly relevant for community 
settings. Addresses testing of a 
neglected tropical disease. 
III. Clinical trials carried out. In the 
market. 
IV. Not a health issue in South Africa, 
and mostly exported to countries 
where it is more prevalent (other 
African countries, Brazil etc.) 

I − IV: High 
Frugal innovation 

Bone grafting used to repair fractures 
that are extremely complex, pose a 
significant health risk or fail to heal 
properly. Challenges in its use 
include difficulty in obtaining 
adequate bone graft material, 
inconsistent healing and 
disfigurement of the hip from 
extraction. Regenerative medicine 
works by stimulating natural healing 
processes as an alternative to 
synthetic and metal replacements. 

OBM Trauma/Altis 
Biologics.  

• Osteogenic bone matrix, using novel 
high yield extraction of porcine bone 
morphogenetic protein (pBMP) as an 
alternative to bone graft replacement 
without the risk of disease 
transmission associated with 
traditional allografts  

• Breakthrough regenerative medicine 
with many advantages including 
minimally invasive injectable system 
delivered precisely in a syringe and 
with less side effects. 

I. Significantly cheaper than imported 
(rhBMP) products. Significant cost/ 
benefit advantage as compared to 
autograft procedures which typically 
requires an additional 3 days of 
hospital stay. 
II. No cold chain required (stored at 
room temperature). 
III. In market in South Africa. CE Mark 
in process. Clinical trials continue. 
IV. Target pricing (1/3 of export 
costs) to make the product more 

I and III – High 
II and IV – Moderate    

Technological 
product innovation 
with some frugal 
parameters. 

(continued on next page) 
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outreach clinics to reach the remotest of locations form important ele-
ments of innovation delivery. Through a team of trained and experi-
enced clinicians, practitioners and technicians, users and their care 
givers are guided in the selection of the right seating. Seating practi-
tioners are not just sales representatives but undergo specialized 
training (through the Department of Health) to advise users and mentor 
therapists in health care facilities across the country. The initiation into 
the tender system stemmed from McDonald’s relationship with cham-
pions within the provincial government in the Western Cape Rehabili-
tation Centre, who shared Shonaquip’s vision for disability inclusion. 
Over the years and with the dedication of many who campaigned, South 
Africa has passed several regulations which enabled the growth of 
Shonaquip and its devices to reach children who need them most. This 
includes the Integrated National Disability Strategy White Paper, 1997; 
National Rehabilitation Policy, 2000 and Standardisation of Provision of 
Mobility Assistive Devices, 2003). For the past two decades, the com-
pany has served more than 140000 young wheelchair users, currently 
catering to 17000 children annually. 

5. Discussion 

5.1. Innovation characteristics and extent of frugality 

Six medical devices were systematically analysed for frugality 
Table 3 by adapting the 4A framework proposed by WHO in the Priority 
Medical Devices Project. These include two upstream characteristics – 
affordability and appropriateness; and two downstream ones – avail-
ability and accessibility. The primary characteristic of a frugal medical 
device is significant lower cost over competing products, if these are 
available. All six products meet this criterion. While this can be 
expressed straightforwardly as product price, firms also depict it as cost 
of ownership, attributing it to greater efficiency, less operating costs, 
less infrastructure requirements etc. All four innovations analysed from 
private firms were found to have appropriateness for developing coun-
tries as their product USP. Of these, two are design and engineering 
based (Ellavi and Madiba2gobuggy), one a point-of-care diagnostic and 
the fourth a technological product innovation (KUDUwave). The in-
novations from university spin offs (Altis Biologics and Lodox Systems) 
show moderate advantages for low resource settings; they also have 
universal relevance and are technological product innovations in a more 
mainstream sense. Their affordability results from lower research and 
development costs in comparison to high income countries. 

Most products in this study carry the CE mark and in some cases are 
FDA approved. Medical devices, unlike say consumer products, need to 
meet minimum regulatory conditions which depend on their specific 
classification. Even if firms serve only domestic markets which entail 
national regulatory requirements, many African countries have adopted 
the European CE (Conformité Européene) as part of public procurement. 
As Table 3 illustrates, many of the innovations in this study offer supe-
rior alternatives to competing products but at significantly less cost. 
They involved fundamentally new product development. Thus, for 
frugal medical devices, the term “appropriate” to indicate special 
functional characteristics to make it suitable for resource constrained 
settings seems to fit the definition of frugality better. 

In line with previous research (Rao, 2013), the evidence also dem-
onstrates in some cases frugal innovations can be based on high tech-
nology. Further, the examples in earlier studies show that high 
technology based products were primarily from MNCs and government 
agencies. Historically, high technology areas where ‘patient funding’ is 
needed has been associated with the government (Mazzucato, 2018). 
Here also, except for KUDUwave, technology intensive products have 
emerged with high degree of government support and strong academic 
connections. KUDUwave, as an anomaly, was developed primarily from 
the entrepreneur’s own sources with some support from government 
agencies for testing, certification and provisional patents. This product, 
due to its drastically different architecture and cost performance ad-
vantages, can also be categorised as a frugal radical innovation (Lim and 
Fujimoto, 2019). Such type of innovations, which are first movers, may 
also find initial difficulties to sell their highly innovative product, 
particularly in less sophisticated markets. 

5.2. Innovation processes to overcome challenges of resource constrained 
setting 

The innovation system offers typical challenges of fragmentation, 
bureaucratic inefficiencies and power relationships characteristic of 
developing countries. Even though South Africa has strong 
manufacturing and biomedical research capabilities, the medical device 
sector is still nascent and innovative firms with commercialized prod-
ucts are a handful. Many key organizations are in transition. Also, unlike 
countries with a well-developed medical devices sector, there are few 
ISO 13485 certified contract manufacturers, an essential requirement 
for the sector. There is currently no preferential procurement for local 
manufacturing, so firms face direct competition from imported products 

Table 3 (continued ) 

The Problem/Standard of Care Innovation/Firm General Characteristics Frugal Characteristics Comments 

However, costs are prohibitive with 
many companies not even selling 
their products in developing 
countries due to small markets. 

accessible for paying customers 
(under private health insurance) in 
domestic (South African) market 

Speed/convenience of scanning of 
trauma patients, dosage of X- ray for 
operational and patient safety; and 
quality of scans all of which are 
critical for saving lives in emergency 
situations in a safe and efficient 
manner for all involved. There was 
no one single product which 
addressed this problem. 

Trauma Scanner - 
XMPLAR – DR/Lodox 
Systems  

• Offers high speed low radiation 
digital scan full body scan in 13 s 
allowing for improved workflow and 
efficient throughput in trauma 
centres. 

I. Unique product with few competing 
products globally, so direct cost 
comparison is not possible. Cost of 
ownership is significantly lower than 
a conventional X-ray scanner. 
II. Can be operated by health workers 
with minimal training, no radiologist 
needed. Requires less infrastructure 
(radiation proofing). Locally 
manufactured, repaired and 
maintained. Old machines are 
refurbished and resold. 
III. In market, FDA approved and 
carries CE Mark 
IV. Single source suppliers in South 
Africa and installed in twenty eight 
government trauma centres. 

I, III and IV – High 
II – Moderate    

Technological 
product innovation 
with some frugal 
parameters. 

Source: Author by applying the 4A (I. Affordability; II. Appropriateness; III. Availability; IV. Accessibility) framework adapted from Priority Medical Devices Project 
WHO (2010a) described in Fig. 1 
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Table 4 
Select quotes to depict characteristics of the innovation system and processes to overcome innovation challenges.  

Theme Interpretation Theme Interpretation 

Policy/Contextual/Structural Environment Production and Manufacturing 
“Privileged – really inexpensive labour force, high 

technology, good basket of engineers and other people 
we want to employ, skills, lastly right in the society 
which we are trying to impact” 

Strengths of innovation system “First time I tested the device nine years ago, I had to go 
to the UK to do testing … spend 3 ½ weeks testing the 
machine (….). Now we do it in house” 
“For us to test our equipment - it costs 17 times more 
than Europe – and now we have got the exchange rate. I 
don’t think we are cheaper than in Europe”. 
“Many times people have to send the products (for 
testing) (… )they don’t have a quality management 
system implemented (ISO 17025), so they are not 
allowed to test themselves. So we’ve got that. OK, so it 
allows us (…)we might get external consultants in South 
Africa that got certified to do it. But we will get them in 
to do the testing for us, but we certify in-house so that is 
a way how you can decrease the costs for testing 
significantly”. 

High cost of testing due to 
underdeveloped/unavailable 
testing infrastructure. 
Inhouse capacity building due to 
unavailable/high cost of 
services. 

“There are many functions in this company merely out 
of desperation, I could not find companies willing to 
do it for us. Have had to create – we have a full 
infrastructure here to do everything – I am not 
dependent on other people, that could drop you. In SA 
it is important not to be dependent - most of the things 
you need internal resources (….)in the medical 
industry in SA, you are kind of alone, you don’t really 
have other people to support you in the process, you 
must create your own infrastructure, and you will see 
that with many other companies that are 
manufacturers of mechanical or mechatronic devices, 
they have all the expertise in house,” 

Inhouse capabilities to overcome 
voids and inefficiencies of an 
underdeveloped sector. 

“It exists for medical device private manufacturers and 
distributors, problem is (…) only 15% are 
manufacturers because there are hardly any 
manufacturer in south Africa, so there is a conflict of 
interest -are you promoting imports, or are you\ 
promoting manufacturers – they have achieved 
something, but mainly for distributors” 

Domestic vs foreign firm (power) 
dynamics in an emerging 
industry. 

“It (BBBEE) has also raised awareness and prioritized 
the importance of thinking that way …. it’s a systems 
change process – it’s just that in some instances it’s 
not been managed very well, by changing the goalpost 
every time you disempower people. I think the concept 
has been great, but the way it’s been managed is not 
always excellent, but does it create a lot of deterrent to 
business – it adds a load of work, it adds barriers to 
productivity and all sorts of other things … puts 
significant strain on an organization and you have to 
redesign for that” 
“… we have to play around – it’s not been easy (…) 
we have had to change into three different entities 
(….) .if we didn’t have black empowerment it would 
have been a lot less expensive to run the company, 
(….) forced to spend more money on training and 
development – that’s a benefit, the other aspects – 
buying from specific suppliers who also conform to 
(…) from suppliers we actually want to buy from (…) 
that’s a challenge in SA” 

Tensions between social and 
economic policies predominant 
in developing country context 
Organizational innovation and 
restructuring to meet policy 
requirements 

“Most of the stuff that we procure is international, we 
can get it locally, but the service, delivery and prices are 
not good enough. So we would rather procure 
components internationally. Locally we do some milling 
and some plastic extrusion, it’s actually high quality, 
high precision … It is all imported. Most important 
equipment you can’t buy here – pick and place machines 
– which is the most important machine which allows us 
to have the capacity we have now” 
“90% (manufacturing) is done internally – packaging 
we import from China – one component silicone 
compression mould - we can get a better quality there - 
(…) logistically we are geared for local production … 
also less expensive( …)” 
“Over the years, we have found the best suppliers, 
quality and time to delivery are most important – longest 
lead time used to be – it was like 2 month each time, we 
brought that down to 2 weeks by having our own 
equipment here”. 
“We educate our suppliers – teaching them about the 
standards (…) anything (…) we have a big supplier 
network …. we teach them, training the suppliers to meet 
our requirements”. 

Underdeveloped and emerging 
sector challenges. 
Frugal processes. Vertically 
integrated. Inhouse capacity 
building. 
Optimization of local 
operations/purchase and 
import/outsourcing to be cost 
effective. 
Local capacity has to be built as 
there is no existing cluster. 

“I think bureaucracy in this country is overwhelmingly 
heavy and prohibitive to work. Very heavy.” 

Developing country challenges 

Processes, R&D and Product Development 
“People ask us don’t you have a doctor in your team 

(…) actually we have twenty, they don’t work for us, 
but they assist us – we were just able to listen and 
understand what to listen for and what not to listen to 
… ensure products have a lot of functionality that the 
doctor needs”,  
“We are a small company (….) we don’t have 100 
scientists, we have 3, so we found ways to bring the 
R&D costs down significantly and also the time, 
through the methods that we use to do R&D′′

Deep understanding of context, 
local embeddedness. 
Frugal R&D processes - 
optimized internal team with 
external collaborations where 
needed 

Innovation delivery and diffusion 

“I have no position at the company, I have not received 
any money from them (….) really appreciate the ethos 
of the company, it is very different from the corporate 
world”.  
“He advices us (…) chatted with our engineering staff 
last week and provided some great advice. Good 
informal relationships we have. Clients refer 
opportunities to each other (…) .dad was a 
missionary when I was a student (…) he was very 
inspirational to me …” 

Social and informal relationships 
in knowledge sharing. 
Dual/hybrid characteristics. 

“Why is this product – which is suitable for developing 
countries – not finding a market here – unfortunately it 
is not seen as very important, for most countries treating 
HIV is more important” 
“Government imports from China because they feel that 
local manufacturing cannot support the large volumes 
they need and in the second thing China’s prices are very 
competitive (….) the market is so saturated and prices 
that the import from China is so ridiculously low it’s not 
very competitive really to do it”.. 
“It is a strategy change we had to do (….). (NGOs) are 
not going to be our focus anymore – we need cash on a 
daily basis, selling in UK, US to increase our cash store 
so that we can target Africa, India, Indonesia where the 
buying cycle of a NGO, government is 4 years, then you 
get big orders, but you need the cash, that’s why we 

Less gov support in areas 
outside national priorities. 
International competition. 
Local firms not suitable for high 
volume manufacturing of low 
value product 

Funding 
“… just no way I can get funding, finding VC who will 

not want to change your focus, they want your exit 
strategies within 3, 5 years, our exit strategy is 15 
years”. 
“we know what it is to start without any money (…) 

Lack of patient funding as is 
needed in this sector 
Enabling social relationships for 
business 

(continued on next page) 
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and foreign companies. Also, funding and public procurement are con-
nected to BBBEE ratings. While these policy regulations add to the cost 
of production, affirmative action is recognised to be important to undo 
historical injustices. These tensions and challenges are closely related to 
scarcity-induced innovations in developing countries (Srinivas and Sutz, 
2008). The analysis exposed that for small firms in a technology inten-
sive sector, these institutional voids pose enormous barriers to their 
growth. This is in contrast to consumer, grassroots and low technology 
sectors, which existing frugal innovation and BoP literature has focused 
on, where institutional gaps offer highly exploitable factors. The main 
mechanisms to overcome innovation challenges under resource con-
straints are summarised in Table 5. 

A key challenge was lack of innovation funding at the early stages of 
product development. One reason for this could be because STI funding 
is more geared towards state-of-the-art research within public research 
organizations and universities, and less towards the private sector (Kruss 
and Lorentzen, 2009). This is typical in developing countries where 
public resources are concentrated in building capabilities in centralized 
organizational structures to create radical technology and less on firms 
which are dispersed and at the lower end of the innovation spectrum 
(Bell and Figueiredo, 2012). Not only is access to funds a challenge, even 
when funding schemes exist, the highly bureaucratic processes around 
its access, is a disincentive. In addition to internal R&D infrastructure, 

firms have also assimilated knowledge from a multitude of sources 
required for need identification, product development, through to 
clinical trials. Public research facilities have played an important role for 
all the firms in this study. Active collaborations exist with local uni-
versities and academic hospitals. While this can be expected given South 
Africa’s high-quality health and biomedical research, it is less likely to 
be found elsewhere in the continent. In some of these activities, the 
academic partners were the recipients of funding, indirectly benefitting 
the firms. Partnerships and knowledge flow are not always formal but 
also driven by personal relationships and shared values and not just 
economic interests. The interfaces of formal and structured research and 
development with informal and socially driven relationships, while 
being universal, is more prominently observed in developing countries 
(Bianchi et al., 2017). The availability of high-quality mechanical en-
gineers is ingeniously tapped into. Frugal processes such as design and 
fabrication, manufacturing equipment and refurbishing of existing de-
vices was observed. Reverse engineering to substitute expensive and 
inappropriate imported manufacturing equipment for local needs has 
been traditionally followed by domestic firms (Wells, 1983; Lecraw, 
1977). Frugal processes like refurbishing and reuse of medical equip-
ment has been reported even in recent literature (Harris et al., 2020). 
These processes demonstrate not only a frugal mindset but also the 
capability to translate this mindset into tangible product outcomes. 

Table 4 (continued ) 

Theme Interpretation Theme Interpretation 

decided to sell to countries which don’t think twice to 
buy.” 

we can advice others” 
“so there was no funding, working day and night, in 
operating theatres, that’s how we funded our project, 
so it was self funded, (….) except later on when I got 
to a certain stage when people saw what I did, family 
and friends, were willing to loan me the money, I still 
owe them the money, but they were like my angels”.  

Table 5 
Resource constrained innovation strategies.   

Sinapi Biomedical Shonaquip eMoyo Technologies Medical Diagnostech 

Research/Product 
Development 

▪ Design & engineering capabilities 
▪ Multiple collaborations (clinicians, 
doctors, surgeons) 
▪ International collaboration – PATH, 
North Western University 
▪ Stellenbosch University (clinical trials of 
Ellavi) 
▪ Funding from SAMRC (clinical trials for 
Ellavi) 
▪ Grant from Technology Innovation 
Agency 

▪ Multiple domestic collaborations e. 
g. Stellenbosch University 
▪ Multiple international 
collaborations e.g. Stanford Design 
for Extreme Affordability 
▪ Trials in academic and district 
hospital facilities 
▪ Grant from Technology Innovation 
Agency for designing a dentist chair 
for children 

▪ Mainly internally by firm 
▪ No current formal domestic 
R&D collaborations 
▪ Some international 
collaboration 
▪ Loan for provisional patents 
from Technology Development 
Agency 
▪ Loan from Department of 
Trade & Industry for CE 
Certification. 

▪ Multiple domestic 
collaborations 
▪ University of Western Cape 
(interns and development of HIV 
test) 
▪ With SAMRC to develop pre- 
diabetes test 
▪ International collaboration 
(Leiden University) for antibodies 
development 

Production & 
Manufacturing 

▪ Vertically integration 
▪ Advanced inhouse manufacturing 
(primary & secondary) 
▪ Training of suppliers 
▪ Enhanced local content 

▪ Inclusive processes 
▪ Reuse, refurbishing 
▪ Establishing inhouse testing 
facility in process 

▪ Advanced inhouse 
manufacturing 
▪ Inhouse testing 
▪ International supplier 
network 

▪ Inhouse manufacturing 
▪ Some locally fabricated 
equipment 
▪ WHO Round 7 for malaria kits 

Innovation delivery 
and diffusion 

▪ Government tenders 
▪ Local private hospitals 
▪ Cross-subsidization for local public 
hospitals for some products 
▪ International collaboration with PATH 
▪ Exports including US, EU 

▪ Hybrid model with differential 
pricing/cross subsidization 
▪ Domestic sales through 
government tenders, CSR, NGOs 
▪ Exports to developing countries 
and UK 

▪ Primarily Export 
▪ Demonstration with NGOs/ 
government 
▪ KUDUwave used in 
decentralized MDR-TB 
programme 

▪ Other firms (B2B) e.g. ICT 
Diagnostics, Rapid Medical 
Diagnostech 
▪ Department of Education (for 
drugs of abuse tests) 
▪ Contract manufacturing 

Key enabling factors ▪ Products relevant to developing 
countries and national priorities including 
sales to government 
▪ Design & engineering capabilities, 
recruitment process to employ skilled 
mechanical engineers 
▪ Advanced inhouse manufacturing 
capabilities, local sourcing and vertically 
integrated supplier network 
▪ International collaboration - PATH 

▪ Products meeting market gap 
▪ Hybrid business model 
▪ Lobbying, influencing and 
leveraging national policies – 
government partnerships 
▪ Interest from corporates and 
international organizations 
▪ Design & organizational 
capabilities 

▪ High technological and R&D 
capabilities 
▪ Frugal radical innovation 
▪ Advanced inhouse 
manufacturing capabilities 
▪ High export market 

▪ Demand driven innovation, 
many addressing national 
priorities 
▪ Low cost R&D and frugal 
manufacturing 
▪ Availability of highly skilled 
mechanical engineers 
▪ High value contract 
manufacturing services 
▪ Sales partnership including 
supplying to government  
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At the core of these mechanisms, making these actions possible, were 
high levels of innovation capabilities (technological, production and 
organizational). These capabilities made possible cost-effective 
manufacturing and design which are key frugal innovation drivers 
(Zeschky et al., 2011). Additionally, deep appreciation of the context, an 
important element of design (Aranda-Jan et al., 2016), including the 
peculiarities of the health system, is inherently present and assimilated. 
In contrast to earlier studies (Winterhalter et al., 2017; George et al., 
2012; Howell et al., 2018), business models for innovation delivery were 
complementary to innovation around product design and production 
processes. Further, various aspects of frugality - mindset, process, and 
outcome, normally not observed together in one entity (Soni and 
Krishnan, 2014) were found to coexist. 

5.3. Implications for theory 

This study adds fresh and alternate perspectives to the dominant 
frugal innovation discourse focusing on business, management, strategy 
and competition to win in emerging markets. First, it extends the largely 
technology and market centric view of frugal innovations to propose a 
broader analytical lens. Adapted from a global health lens, the under-
lying principle of this framing was to look beyond the “upstream” 
innovation and technological efforts and also consider downstream is-
sues related to their access and effective use. The main additions in this 
framework to existing studies is that it takes cognizance of the relevance 
of the innovation to problems of resource constraint and health chal-
lenges typical in developing countries, its market readiness and acces-
sibility for users in LMIC. The market readiness (or availability) of a 
medical device tries to distinguish a “frugal technology” from a mar-
keted “frugal innovation”. Depending on the class of the medical device, 
the time to market from prototype stage may be anywhere from three to 
fifteen years moving through a path riddled with regulatory and other 
barriers and requiring enormous financial resources. Given the high risk 
of failure, the market readiness (or availability) of a medical device 
recognizes the long time span to cross these stages and that only few 
“frugal technologies” will successfully complete the process through to 
commercialized “frugal innovations”. This systematic analysis shows 
that frugality is relative and the question is more about the extent rather 
than an all or none approach. It attempts to distinguish between frugal 
innovations and mainstream technological innovations with universal 
appeal and having some frugal elements. Frugality for the latter stems 
from lower R&D and manufacturing costs, resulting in improved price 
performance, as against addressing very specific needs of developing 
countries. 

Second, it suggests that for products like medical devices, the term 
“appropriate” to indicate suitability to the context better defines frugal 
characteristics as against “functional” or “basic”. This is because the 
latter terms signify frugal innovations are stripped down versions of 
existing mainstream products, whereas in reality they are in many cases 
designed bottom up with great attention to appropriateness of context. 
Third, the methodological approach shows that the frugal innovation 
phenomena could be better understood when studied as being 
embedded within the firm which in turn functions within the innovation 
system. Fourth, the evidence also shows that some firms are using the 
mechanism of differential pricing and cross subsidization, typically 
found in social innovation models as innovation delivery strategy, 
demonstrating an intersection of frugal and social innovation even when 
it is a mainstream business. The mechanism of cross subsidization and 
differential pricing to enhance access of innovation to those dependent 
under public health delivery, while charging higher from those who can 
afford is typically observed in social innovation models. Additionally, in 
certain cases, they are not entirely driven by profit maximization like the 
typical Schumpeterian firm, but rather as Kaplinsky (2011) notes in his 
influential paper, they also exhibit some attributes of Schumacher. The 
following quotation quintessentially captures this orientation: 

“In South Africa there is a shift with people being more concerned, 
maybe not concerned but more aware, of meeting local needs …. I 
think we are more conscious of inequity in this country …. but I think 
it is also shifting because there is a growing demand for product to be 
cheaper – if the product didn’t have to be cheaper, I don’t know if the 
intention would be as driven”. 

These intermediate and dual approaches are not explicit in the firms’ 
organizational statements but inferred from their product orientation, 
organizational processes and innovation delivery strategies as well as 
through the interviews. 

5.4. Implications for policy 

One of the most important beneficiaries of frugal medical devices is 
the public health system in developing countries and also the price 
conscious privately insured customer. In order to keep prices affordable 
through low profit margins and still remain financially sustainable, high 
volumes are must, and one way this is possible is through state pro-
curement. Also, the nature of the products and problems they address – 
that is the needs of under-resourced health systems to create access for 
more people or for governments within a tight budget, points towards 
the importance of the state as the main customer. Firms see the gov-
ernment as one of their main customers and critical to their success in a 
field where the time from prototype to market is anywhere between 
three to fifteen years, with high risks of failure. Also, despite being 
significantly cheaper, frugal medical devices remain out of reach unless 
offered through public health delivery free or at a subsidized cost. 
Despite institutional challenges, the evidence demonstrates the critical 
role of the government and global health organizations either directly or 
indirectly in influencing firms to innovate for the domestic market or 
creating a market or both. However, without more active policy initia-
tives, small innovative firms may be tempted into unequal collabora-
tions or be taken over by large predatory foreign firms resulting in 
premature death of high potential entities. In line with earlier research 
(O’Hara, 2015; Papaioannou, 2014; Srinivas and Sutz, 2008), public 
policy formulation to identify, support and scale up frugal innovations 
from innovative domestic firms is identified to be crucial. As these frugal 
innovations are significantly cheaper than competing products, while 
also conforming to international regulatory standards, firms are able to, 
with relative ease, find a market for their products in the West. Without 
support from the state such as in the form of patient funding and pro-
curement, firms can become more focused on Western markets, under-
mining the very purpose of products developed to serve healthcare 
delivery in resource constrained settings. 

There are of course many limitations of this study. One of the main 
limitations is that it relies on data mostly from firms about technicalities 
of their product and other information. Also, all firms did not offer 
uniform level of detail, or all data could not be included in the interest of 
protecting proprietary information. To the extent possible data was 
corroborated and triangulated from additional including, neutral sour-
ces. Also, several rounds of interviews in phases helped to clarify in-
formation and reconfirm data. Secondly, in the effort to explore a variety 
of firms and product types, it was not possible to dedicate deeper levels 
of data and analysis to individual cases in this paper. Also, many pat-
terns were observed, such as hybrid business, influence of social re-
lationships etc. which could not be explored in depth and which offer 
ideas for future research. Third, the framework for frugality analysis 
applies a developmental lens, in line with the nature of the problem. 
Applying a different framework or viewing these innovations from a 
different perspective may reveal different findings. Despite these limi-
tations, this study makes a significant contribution to advance under-
standing of innovation in technology intense sectors and resource 
constrained settings. 

S. Chakravarty                                                                                                                                                                                                                                  



Technovation xxx (xxxx) xxx

14

6. Conclusion and future research 

This paper investigates orientation of firms and mechanisms to 
innovate under resource constraints in a technology intensive sector 
typically under the purview of western firms. Using empirical evidence 
from South Africa, this study contributes to the frugal innovation 
scholarship by bringing together parallel and complementary literature 
in global health and innovation studies to better understand the design 
to delivery of frugal medical devices from innovative manufacturing 
firms. Selected firms are found to have one or more products addressing 
domestic health needs. The study shows that multiple sources of 
knowledge, both domestic and international, through formal and 
informal partnerships, are tapped into to complement inhouse R&D and 
design capabilities. Fundamentally new products are designed and not 
just “good enough” or “stripped down” versions of existing products. 
Many products are exported not only to other emerging markets but also 
to developed markets with stringent regulatory barriers. For 
manufacturing, high levels of internal capacities and self-sufficient 
production and testing was observed to overcome institutional voids 
and lack of technology infrastructure and services, thus reducing de-
pendency on external sources which may not deliver or even exist. 
Contrary to the notion of institutional voids as highly exploitable op-
portunities for firms in emerging markets, this paper demonstrates how 
in a technology intensive sector they offer enormous barriers for inno-
vation. However, this also drives frugality around design, engineering 
and manufacturing processes. Innovation diffusion strategies comple-
ment these processes. It can be said that most of these success stories 
have been enabled by South Africa’s sophisticated manufacturing base 
and excellent universities, not commonly found in emerging markets. 
One of the main contributions of the study is the systematic evaluation 
of six medical device innovations by adapting a global health lens, 
taking cognizance of the market readiness of the innovation, and their 
relevance to health problems and access for users in LMIC. This sys-
tematic analysis draws attention to several important points. First, that 
only a fraction of “frugal technologies” will cross a long-drawn path, 
riddled with regulatory challenges and will require enormous financial 
resources to become successful “frugal innovations”. This distinction is 
important in analysis and calls for more conservative projections of 
societal impact of frugal technologies in a nascent stage of development. 
Second, while some frugal innovations specifically address health needs 
of developing countries, others are more affordable technological in-
novations with universal relevance and having some frugal elements. 
The evidence suggests that due to embeddedness of the firms within the 
local social, technological and economic structures, the deep apprecia-
tion of the environment extends beyond the physical context and firms 
demonstrate elements of ‘Schumpeter Schumacher’ hybrid. The lack of 
appropriate and affordable medical devices to meet the needs of LMICs 
is a global health concern at proportions of a ‘wicked problem’. If frugal 
medical devices are to enable improved healthcare access for the large 
population in LMIC dependent solely on public health system, the 
involvement of the state and global non-profits in enabling frugal in-
novations cannot be over emphasized. Lastly, given that some of these 
products offering more affordable alternatives have also been adopted in 
western countries, fostering frugal innovations from firms in emerging 
markets may be of mutual benefit to one and all. Going forward, future 
research could advance the findings from this study applying different 
theoretical lenses and data from other emerging countries. 
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