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Developing countries are experiencing ongoing and rapid population growth.
According to current estimates, approximately four billion people live in
these countries, which can be described as low-income markets in which the
majority of the population survives on minimum wage (Prahalad, Mashelkar,
2010). Govindarajan and Trimble (2013) refer to this phenomenon as “mega
markets with micro customers”. Many scholars have argued that consumers from

emerging markets form the Base-of-the-Pyramid (BoP) (Prahalad, 2004).

The slum settlements of Mumbai, for instance, contribute up to six percent
of India’s national Gross Domestic Product (GDP) and have an employment
rate of up to sixty percent (Brand, 2006). This makes developing countries
a focal point for companies wanting to tap into the pool of new markets
and the needs of BoP consumers (London, Hart, 2010). However, questions
remain as to how to innovate to serve the needs of the BoP.

The solution is to innovate and work differently (Zeschky et al., 2014).
Frugal innovation, a scarcity-induced or minimalist approach to innovation,
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is becoming more popular in both emerging and developed economies
because of its lower costs and lower-leveled structures (Jha, Krishnan, 2013).
Frugal innovations are seen as low-priced, yet valuable products that can
drive profits through volume and meet the needs of resource-constrained

customers (Seghal et al., 2011; Zeschky et al., 2011).

Although the term “frugal innovation” does appear in the press, both
the term and its associated phenomena in the developing world are not ade-
quately covered by scholars or scientific publications (Brem, Ivens, 2013).
In this article, we focus on introducing frugal innovation. Frugal innovation
offers the ability to generate considerably more business and social value
while significantly reducing the use of scarce resources (Radjou, Prabhu,
2013). It is about a mindset of doing more with less. Frugal innovation is
seen as a game changer in the corporate world’s search for affordable, sus-
tainable and high-quality offerings. The idea behind frugal innovation is to
design for the BoP taking into account local contexts, socioeconomic condi-
tions and consumer needs (Lecomte et al., 2013).

We conceptualize the intersection of society, emerging technology and
the societal impact of innovation to identify, understand and position fru-
gal innovations. We adopt a holistic view of frugal innovation that has the
potential to redefine business models, reconfigure value chains and redesign
products to use resources in different ways and create more inclusive markets

(Bhatti, 2012).

Moreover, we focus our paper on state-of-the-art 3D printing as an exam-
ple of frugal innovation. Additive manufacturing, which is also known as
three-dimensional (3D) printing, constitutes a novel manufacturing process
that builds layers to create a three-dimensional solid object from a digital
model (Birtchnell, Urry, 2013; Berman, 2012). 3D printing technology has
been identified as one aspect of the digital revolution that has the poten-
tial to revolutionize the industrial world. 3D printing is considered a game
changer for the manufacturing industry that could completely reconfigure
existing business models. It has even been proposed that 3D printing will
bring both modern and developing societies to the brink of a new Industrial
Revolution (The Economist, 2012).

Nevertheless, society has barely begun to measure the effects of this inno-
vation (Gebler et al., 2014; Le Bourhis et al., 2014). Our intention is both to
examine 3D printing as a frugal innovation and to identify the possibilities
of 3D printing from a frugal perspective. By examining the growing 3D print-
ing sector in conjunction with a frugal innovation perspective, we discover
the dual nature of 3D printing. By studying this dual nature of 3D printing,
as a low-cost frugal 3D printers in developing markets and 3D printing in
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enabling the development of frugal innovations in other sectors, our paper
questions some features of frugal innovation and offers new insights into how
democratizing technology enables development for the BoP population.

This paper is organized as follows: section 1 presents the theoretical
background of the paper, providing insights on frugal innovation, additive
manufacturing, the maker culture and value creation. Section 2 discusses
the dual nature of 3D printing as a novel technology and uses two example
stories to elaborate the features of frugal innovation and open a discussion
on socio-economic opportunities lying for the BoP. Last section, section 3,
analyzes the findings on the subject and offers our concluding thoughts.

THEORETICAL BACKGROUND

Frugal innovation: origin and mindset

Either because of certain standpoints (religious, philosophical or other) or
merely from pure necessity, frugality is largely practiced by “consumers” in
developing markets. It is in those markets that a form of innovation theory,
referred to as frugal innovation, is emerging whose impact could potentially
diffuse to developed markets.

Etymologically, the word “frugal” derives from the mid-sixteenth-century
Latin word frugalis. Today, the Oxford English Dictionary defines frugality
as being sparing or economical with money or food (Soni, Krishnan, 2014).
Lastovicka et al. (1999) argue that frugality has been used to describe indi-
viduals or groups who live by a set of principles that contradict the domi-
nant materialistic consumer culture. Frugality has been documented in the
ancient world and is linked with deficient economic resources. This condi-
tion is quite similar to that of modern developing countries and emerging
markets, where the majority of the world’s poor live.

Frugal innovation, as mentioned earlier, is rooted in developing coun-
tries, in the mindsets of Jugaad in Hindi or Shanzai in Mandarin (Radjou et
al., 2012; Brem, Wolfram, 2014). The tradition of Jugaad — making do with
what is available (Rangaswamy, Densmore, 2013) — is said to stem from a
combination of India’s cumbersome and inefficient state bureaucracy and
long history of rural poverty.

Brem and Ivens (2013) explain that frugal innovation is a successor of
Jugaad, meaning an innovative fix or an improvised solution born from inge-
nuity and cleverness (as do Radjou et al., 2012). Jugaad captures an impro-
visational style of innovation driven by scarce resources and attention to
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the immediate needs of customers (Bhatti, 2012). Jugaad, in other words,
focuses on the problem that requires an immediate solution. This results in
developing simple products with high benefits at low cost that are designed
for people at the BoP. It is basically a new way of thinking constructively, in
a more frugal manner, being flexible and adapt quickly to unforeseen situa-
tions and circumstances.

Defining frugal innovation

Frugal innovation (sometimes called Gandhian innovation) is most closely
associated with India. The term is used to describe the process by which
engineers and designers strip out ‘luxury’ features to lower costs (Radjou et
al., 2012; Leadbeater, 2014). Although this phenomenon is not new, the
literature exploring it remains in its early stages.

The term describes innovations specifically developed for resource-based
customers in emerging markets (Zeschky et al., 2014; Prahalad, Mashelkar,
2010). Frugal innovation, therefore, fundamentally refers to resource scar-
city in using limited resources to meet the needs of low-income customers
(Sharma, Iyer, 2012). Value and affordability are the key drivers of such
innovations (Prahalad, Mashelkar, 2010). In such a state or reality, frugal
innovation contradicts common logic which accepts the theory that inno-
vation occurs in existing resources and supporting institutions, with high-
income users being the first target group (Bhatti, 2012). Frugal innovation’s
goal is to maximize value for low-income customers and minimize inessen-

tial costs (Seghal et al., 2011).

The economic relevance of frugal innovation is the creation of low-cost
market products that are affordable for all social groups, including margin-
alized ones (McGee, Sammut-Bonnici, 2014). Frugal innovation products
are, thus, less complex, easier to handle and considerably cheaper in terms
of production costs.

With the exception of Gupta (2011) who elaborated frugal innovation
in a sense of a new management philosophy, the majority of the aforemen-
tioned authors focus solely on the product perspective on frugal innovation.
Gupta and Wang (2009) offered a broader definition of frugal innovation
as the development of simple and ecological products, services, processes
and business models requiring low input of resources, low cost and little
environmental intervention. Bhattacharyay (2012) explains that frugal
innovation as a management philosophy refers to the extensive approach
of adapting product management, production and development to achieve
a sufficient level of taxonomy, but avoiding high research and development
(R&D) investments. Thus, frugal innovation combines low-cost solutions,
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low-cost manufacturing and low-cost materials with design that focuses on
basic functionality and a minimal set of features (Simula et al., 2015).

For the purpose of this paper, we base our work on the definition of
Zeschky et al. (2014) and other scholars who define frugal innovation as
a product or service developed for very specific applications in resource-
constrained environments, generating an entirely new value proposition.

What frugal innovation requires further is disassociation from simi-
lar terminology in the existing literature. Terms such as cost innovation
(Williamson, 2010), good-enough innovations (Gadiesh et al., 2007), frugal
innovation (Radjou et al, 2012; Zeschky et al., 2011), resource-constrained
innovation (Ray, Ray, 2010) and reverse innovation (Immelt et al., 2009;
Govindarajan, 2012) are misused quite often by the researchers and practi-
tioners, obscuring the differences between them (Zeschky et al., 2014).

Additive manufacturing

3D printing aims to produce three-dimensional objects from a digital model;
layers are built one on top of another as the printer releases material from
a container or a cartridge. Every layer is a digital slice generated through
computer-aided design (CAD) (Birtchnell, 2013). It refers to a procedure
that turns digital files into solid objects. These solid objects are first designed
using a computer and CAD software and are then fabricated using a 3D
printer. Digital model is sliced into many cross-sectional layers that a 3D
printer can print, placing each one on top of another.

Once the digital file is ready, fabrication is very simple, customizable and
relatively quick. With slight modifications on the initial digital file, a new
object is manufactured without cost and without effort. This means that
based on the same digital file, many customers with different profiles and dif-
ferent needs may have a customized product that fulfils their needs in a more
efficient way. This practically means better and improved communication
between designers and consumers (Mavri, 2015).

Materials used in the process include resin, ABS, nylon, carbon, titanium
or steel (Berman, 2012). The number of promising applications of 3D print-
ing has expanded dramatically over the last few decades in industries such
as aerospace, architecture, automotive goods (Metal Powder Report, 2014a),
defense, education (Reichental, 2014), energy (Bradley, 2014), entertainment
(Harouni, 2014) and healthcare (Atala, 2014; Rankin et al., 2014; Moskvitch,
2011; Petrovic et al., 2011). What remains inevitable is that 3D printing, as a
disruptive technology, follows the same adoption pattern as other disruptive
technologies, like PC or Internet for instance (Eisenberg, 2013).
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Rayna and Striukova (2016) discussed 3D printing adoption — originally
developed in 1980s as rapid prototyping technique — 3D printing technol-
ogy progressively led to a wider adoption led by lowered price. This mani-
fested in second stage of 3D printing adoption, in the 1990s, as rapid tooling.
This had a large use in developing customized tools and 3D-printed molds.
Third phase of adoption, originating in late 2000s, refers to as Direct Digital
Manufacturing (DDM) or direct manufacturing. This enabled fabrication
of final products due to the low cost of 3D printing. The fourth and final
stage of adoption, home fabrication, has just started and it consists of direct
communication between the designers and the consumers who manufacture
objects themselves, using 3D printing equipment at home.

Last two stages of adoption constitute the 3D printing biggest disrup-
tive potential on transforming the steps of the production chain?. However,
it is argued that a limited and slow adoption is to be expected as prices
of 3D printers are still relatively high and the technology is yet immature.
Instead of mass home fabrication, we are witnessing to an intermediary stage
between direct manufacturing and home fabrication that places fabrication
at a local print-shop or community-operated organization. This subject is
presented further in the text.

Figure I — Schema of 3D printing process (Mavri, 2015)

Materials’

- Digital File suppliers

End Product .—

Indicators of growth and future trends

Although the technology for 3D printing is more than 30 years old, it was
not until the last decade that barriers to 3D printing came down, making it
more accessible. What makes this technology so interesting is that the adop-
tion of 3D printing technology allows non-experts to access expert capabili-
ties. There is a growing consensus that 3D printing technologies will be one
of the next major technological revolutions, making paradigm shift from
mere consumers to makers (Rayna, Striukova, 2016).

Economic estimates of relevant market reports are ranging between 8
and 20 billion of US dollars by the year 2020 (Metal Powder Report, 2014b;
Wohler’s Report, 2014; McKinsey and Co., 2014). Moreover, approximately

2. Production chain is defined as “the procedure of transforming raw materials into goods” (Mavri,

2015).

62 Journal of Innovation Economics & Management - 2016/3 - n° 21



Frugal Innovations and 3D printing: insights from the field

30 innovative companies showcased their latest advancements in 3D print-
ing technology at the world’s largest Consumer Electronics Show (2015)
in Las Vegas (CES Press Release, 2015). Trend in development is shifting
towards more compact printer units, which would be more suitable for con-
sumers, most likely to print mixed and complex materials (as the case of the

MIT prototype) (Numerama, 2015).

Growing interest, except economic parameters, can be observed from
D’Aveni’s (2015) report that discussed the industrial adoption of 3D print-
ers compared to traditional manufacturing. Report showed that additive
manufacturing patents related to materials, software and equipment issued
worldwide grew from eighty in 2005 to approximately six hundred in 2013.
This growth is close to eight hundred percent, showing great promise for the
future of the additive manufacturing sector.

The maker culture movement

The raise of commons-based peer production, i.e. individuals collaborat-
ing in producing cultural content, knowledge, and other information and
indeed physical goods, is commonly attributed to ‘digital revolutions’, the
broad availability of new information technologies (Benkler, 2006).

Commons-based peer production, although most widely practiced in the
area of software development, moved beyond pure software and spread into
other domains, from culture and education to knowledge discovery and shar-
ing (Troxler, 2010). That sparked quite a few open source hardware and soft-
ware initiatives that aim to produce tangible and intangible goods through
a peer-production approach.

There has been a rise in the number of organizations typically known
as Hackerspaces and Makerspaces which have the potential to serve as a
non-traditional route to skill learning and personal development in, particu-
larly, technology and computing (Lewis, 2015). Hackerspace can be defined
as community-operated physical places, where people can meet and work
on their projects (Hackerspace, 2010). Makerspace, on the other hand and
in a simplified way, can be understood as a contemporary culture of Do-It-
Yourself (DIY) concerning physical objects.

Both terminologies can be linked to contemporary open-source hard-
ware and software movements that are closely intertwined. They tend to
be non-profit organizations that operate primarily on a membership basis.
In exchange for a membership fee, members receive access to space, tools,
technologies and expertise to develop skills in a wide range of areas relevant
to manufacturing, digital arts and computing. Our approach is not to study
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the initiatives in details but, based on their ideological construct of knowl-
edge exchange as a primary resource, justify how these movements lead to
development of frugal solutions within 3D printing technology.

Emergence of fab labs

When speaking solely about manufactured physical goods, Gershenfeld
(2005) argued emergence of digital personal fabrication, or fabbing. He
presented fabbing as commons-based peer-production of physical goods. A
fab lab (shorter for digital fabrication or fabbing laboratory) is a small-scale
workshop with an array of computer-controlled tools (for instance lasers, 3D
printers and mills) that cover several different length scales and a variety of
materials, thus democratizing manufacturing technologies that were previ-
ously available only for expensive mass production (Gershenfeld, 2012).

Fab labs are another global initiative based on the principles of maker
culture with a growing number of locations around the world. They emerged
from an MIT course entitled How To Make (almost) Anything (Gershenfeld,
2005) and ever since spread around the globe. It is interesting to mention
that the community is catching on the momentum in Europe in recent
years, while fab labs can be found also in great number of African and Asian
countries’.

Important feature of the fab labs (along with similar global initiatives
of self-doers) lies in enabling open and collaborative projects. Moreover,
fab labs provide avenues for affordable and non-expensive R&D. There are
some collaborative projects within the community, and a growing num-
ber of initiatives to exchange designs and experience between the labs. As
such, entire communities benefit from them, rather than just individuals
(Menichinelli, 2011). This, on the other hand, enables easier transfer of
technology between developed and developing world, as described in fol-
lowing section, particularly sub-sections.

Value Creation

Co-creation, as defined by Prahalad and Ramaswamy (2004), is a manage-
ment initiative, or a form of economic strategy, that brings different parties
together (for instance, a company and a group of customers), in order to
jointly produce a mutually valued outcome. As they argue, in the context of

3. Listing of all official fab labs is maintained by community using site www.fablabs.io. Most
recent figures from September 2015 number 107 fab labs in the US and Canada, and 270 in
Europe (565 in the world in total).
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companies and acquiring new sources of competitive advantage, co-creation
is a high-quality interaction between an individual customer and a company
to co-create unique experiences and value. In other words, the meaning of
value and the process itself of value creation is shifting from a product and a
company-centric view to personalized consumer experiences.

According to Redlich et al. (2014), the value creation processes are
broadly dependent on interaction, collaboration, and self-organization of
globally distributed actors to cope with emerging complexities. In the tradi-
tional system, companies decide the products and services they will produce
and they decide what the value to the customer is. Consumers have little or
no role in the value creation in these system foundations. Co-creation dis-
turbs this logic by involving consumers, which effectively leads to new ways
of value creation and value extraction.

Taken out of the context of companies and competitive advantage, and
laid over the maker culture initiatives and tools available in the community-
operated organizations, co-creation enables development of solutions which
consumers (or end-users, to state it differently) desire. It is about creating
platforms that connect consumers from far reaching parts of the globe, by
permeating society, shifting identity and meaning from consumption to cre-
ation and blurring the boundaries between consumers and creators. This is,
argued by scholars and practitioners, what likely the future of consuming is
going to be.

3D printing, placed in such a value creation system of makerspaces/hack-
erspaces, driven by open source hardware and software community-operated
organization that allow far greater access to general public, leads to new ways
of doing innovation and developing solutions that serve the needs of BoP.
In the context of frugal innovation, it is about frugal innovation outcome:
low-cost solutions that meet the needs of resource-constrained population
(Zeschky et al., 2014). This is on what we base our approach and discuss the
related issues further in the text.

RESEARCH ISSUES

The next major industry to be changed by the digital revolution is manu-
facturing. We are currently witnessing important advances in the capabili-
ties of 3D printing and the types of materials that it can use. This enables
applications beyond prototyping and industrial use and precipitates changes
in the entire value chain surrounding how products are designed, planned,
manufactured and distributed (Mavri, 2015).
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Cases of disruptive use of 3D printing are found mostly in the health-
care, energy-production and transportation sectors; many solutions are
also coming from emerging markets in India, China and African countries.
These markets present us innovative business opportunities related to frugal
innovations and this matter has been under much greater scholar interest

(Agarwal, Brem, 2012).

In the next two sub-sections, we present how interplay between 3D
printing technologies, enabled through access of community-operated
organizations like fab lab in our first case, contributes to value creation when
technology reaches developing countries. We present the dual nature of 3D
printing: first, as a frugal innovation in itself; and second, as a technology
that fosters the development of frugal solutions in other sectors, healthcare
in our case.

The emergence of frugal low-cost 3D printer(s)

Frugal innovation can create opportunities for the poor and improve their
well-being in four important areas: income generation and security, educa-
tion, infrastructure and distribution. Thus, bottom-up initiatives are promis-
ing ways to combat poverty and enable sustainable development.

The transformative power of 3D printing, as discussed above, allows
latecomers to the developing world to catch the wave of this technological
innovation in its early phase. Environments in which frugal innovations
emerge are characterized by low and irregular incomes, limited education,
inadequate infrastructure and fragmented distribution (Kahle et al., 2013).
This is where democratized technology steps in. For instance, free 3D print-
ers are easily accessible using open-source models. RepRap is a free desk-
top 3D printer capable of printing plastic objects and self-replicating in the
form of a kit. RepRap.org is a community project that began in 2004 as a
sort of outcome of open source and maker culture movement. This means
that the kit can be assembled by anyone who can provide the time and raw
materials.

What is interesting about RepRap.org’s role in fostering frugal innova-
tions? RepRap.org’s overall project outcome is the first low-cost and most
widely used 3D printer among the global members of the maker community
(RepRap Community, 2015). Assuming simple technology transfer from the
developed countries of the North to the developing countries of the South
is insufficient (Rangan et al., 2007), the RepRap.Org project offers one revo-
lutionary mean of technology transfer that questions postulates of modern
society.
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The project’s activities translate into open technology for developing
countries. For instance, an example of assembled 3D printer from electronic
waste collected in dumps around the Togolese capital of Lomé proves that
Africa stands on the tipping point of the next digital revolution. Afate
Gnikou, Togolese entrepreneur and a member of local fab lab community,
developed 3D printer which integrates leftover parts gathered from old
computers, printers, and scanners found in local dumps (Fast Company,

2015).

This is a classic example of “Kabaad se jugaad,” a Hindi slang expres-
sion referring to the conversion of waste (kabaad) into something useful and
beautiful. As a result, new businesses develop from creative ideas, allowing
inventive inhabitants of developing countries, constrained by poverty and a
lack of resources, to become entrepreneurs (Brem, Wolfram, 2014).

Afate Gnikou was able to leap to the frontiers of technological inno-
vation primarily because of the large amounts of scientific and technical
knowledge (about 3D printing) that are freely available today. A huge por-
tion of the BoP population is constrained by the lack of skills and lack of
knowledge of the market or of competitive prices, which turns into obstacles
to the development of new frugal products. This is where democratized tech-
nology helps bridge the gap, as in the case of 3D printing.

In the case of Gnikou’s machine itself, few new parts had to be purchased
as the vast majority of the 3D printer was built using repurposed local materi-
als. This demonstrates a novel mindset in combating issues related to WEEE
(Waste of Electric and Electronic Equipment) shipped to the developing
world.

Moreover, by giving means of production and democratizing technology
transfer to developing world, it allows integration of even low-income con-
sumers into overall global market. Moreover, it allows development of new
products and services and allows latecomers to grasp the potential of new
emerging technologies. In the case of 3D printing — unlike other emerging
technologies — the African continent is not behind in adopting it. Prahalad
(2012) argued that providing access to and distribution of products and ser-
vices to consumers, even in isolated areas, increases diversity and competi-
tion, lowers prices and increases incomes.

Described printer model can be extracted and re-created in any environ-
ment using existing equipment (Fast Company, 2015). This development
could represent a major breakthrough in Western societies and their stand-
points related to WEEE, including its negative impacts in the poor or devel-
oping countries of Africa and Asia.
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Moreover, this story touches upon the entrepreneurial spirit of 3D print-
ing and frugal innovation because its protagonist is referred to as a “grass-
roots frugal innovator.” Such innovators are best described as individuals
or groups of people who are embedded in strong social ties and having lim-
ited access to non-redundant information and resources and who attempt to
solve personal and societal problems both without relying on institutional
support and by adopting locally available ingenuity (Gupta, 2006; Soni,
Krishnan, 2014). Such a bricolage approach, or Jugaad mindset, attempts to
achieve a desired objective with the resources available at hand (Radjou et
al., 2012; Krishnan, 2010). The solutions these innovators develop address
domestic markets, usually of the BoP.

Finally, this story proves that we will be witnessing an increase in similar
examples fostered by the maker culture community as a result of the expi-
ration of critical patents. Eventually, this will translate into the explosive
emergence of projects with far-reaching technological development impli-
cations for the BoP in fields such as consumer goods, healthcare, industry,
agriculture, fashion, culture, art and construction. Providing more opportu-
nities, as in the case of 3D printing that reached frugal mindset, will lead to
new forms of innovation. Frugal innovation thus enables inclusive growth,
reduces inequality and contributes to participation and empowerment.

3D printing-enabled frugal innovations

As discussed above, there have been major breakthroughs in the use of
3D printing for medical purposes. 3D printing has already led to amazing
advances in medicine: it is capable of saving lives, lowering health care costs
and improving the quality of human life (Rankin et al., 2014).

Further investments in 3D printing for medical purposes are expected.
For instance, in 2014 the Japanese government announced that it will
invest the massive sum of approximately $21 million into the development
of transplantable human organ printing over the next five years. Russian sci-
entists have announced that they will be able to 3D print human kidneys by
2018. The Yale School of Medicine aims to pioneer 3D bio-printed surgical
tissues (Moskvitch, 2011).

In addition to these upcoming advancements—bordering on science fic-
tion—we see the true potential of 3D printers in the context of frugal innova-
tion for developing countries. Because 3D printing offers mass customization
and lower production costs compared to traditional manufacturing methods,
its successful use in producing prosthetics can support radical changes and
make a significant difference in the lives of people from developing and poor
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countries. The poor are often are confronted by higher prices and lack of
choice in basic goods, preventing them from fully participating in markets

(Kahle et al., 2013).

3D printing offers local production options for some sorely needed items
in developing countries, particularly prosthetics. Business opportunities
originating in these low-income emerging markets are sometimes challeng-
ing presupposed business models. Thus, there is a need not only for inno-
vative products but also for innovative business models that are especially
designed to serve BoP markets (Simula et al., 2015). This is an important
factor in the sense of frugality because it shows that frugal innovation can
comprise not only products and services but also integrated business models.

Consider the success story of 3D Life Prints, a venture based on the idea
set in meeting the needs of low-income customers of BoP, whose mission is
to work with local institutions and international non-governmental organi-
zations (NGOs) to give local amputees new chances in life (3D printing
Industry, 2015). The 3D Life Print team uses basic 3D scanners to repro-
duce the exact shape of amputees’ limbs and develop new prosthetic models.
Although the project is in its infancy, its first set of patients received low-
cost hand prostheses and prosthetic leg covers for their lower-limb prosthe-
ses. In terms of affordability, this project resulted in affordable leg covers and
prosthetic hands designed and 3D printed at costs of less than $50 each. In
comparison, prostheses produced using traditional manufacturing methods
can cost up to several thousands of US dollars.

The long-term goal of this venture is to bring affordable 3D printing
technologies to amputees and healthcare facilities in all of the world’s poor
and developing nations. The basic idea in this story is that technology can
bridge the development gap in providing low-income solution serving as
a new business opportunity (Simula et al., 2015). Digital manufacturing
makes it possible to skip over traditional mass manufacturing in particularly
isolated parts of the world. Moreover, this story confirms how 3D printing
can provide solutions and supply small markets while producing customized
products.

Moreover, how 3D printing can be used in development of prosthetic
implants for BoP is seen in Project Daniel. Not Impossible Labs, a non-
profit that creates technological solutions for real-world problems, set up a
3D printing lab that creates prosthetic limbs for children affected by the war
in Sudan. With the estimated 50,000 amputees as a result of the endless con-
flict in that region (3D printing Industry, 2014) 3D printing was used here
to develop prosthetic implants fabricated 3D scanners 3D printers. Based
on open-source software, discussion forums and crowd-sourced answers this
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example demonstrates what immense potential 3D printing holds for the
innovation where life hacks are sorely needed.

The process developed is simple in its concept: the amputated limb
must be scanned, and with 3D scanners, doctors can create digital mod-
els of wounds and decide the best method of recovery for the patient. The
scan then must be converted into a 3D model; 3D models of prosthetic
implants are then fabricated based on 3D scanners and using 3D printers
(Mavri, 2015). Thanks to modern technologies, this entire process can take
less than a day, even using low-level 3D printers and scanners. Whereas the
quality of a 3D printed model varies in quality and depends on real-world
conditions, the overall goal is not to replace existing methods of producing
prosthetic limbs, but to meet the need that is currently unmet by traditional
manufacturing methods. This is a true manifestation of the concept of frugal
innovation...

When discussing this case in terms of adoption of frugality, it is clear that
minimal use of resources during the design phase and in realizing the product
did not effect on its final efficient functioning. The approach undertaken
here starts with deep insights into local customer (or end-user) needs and
combining resources in a new and creative way. In this way, a low-cost solu-
tion can offer high value for low-income customers. Innovators at the BoP
are driven by the requirements of reaching product awareness, access, afford-
ability and availability (Prahalad, 2012; Kahle et al., 2013). By economizing
the use of resources and aiming for simple products and services, frugal inno-
vations have much to offer in terms of sustainable development.

With this example of 3D printing technology used for the development
of prosthetic implants, our intention was to show the business opportunity
inherent in the growth of the additive manufacturing sector. Moreover,
there is much to be done in terms of discussing and comparing 3D printing
with similar technologies that may develop the same solutions. That issue,
however, was not part of our paper. We have focused on the presentation of
3D printing as a technology in terms of democratized environment, where
it leads to development of frugal solutions — as in the case of first venture, a
business model or as a low-cost frugal product.

CONCLUDING REMARKS

It has been predicted that 4.8 billion people will belong to the global middle
class by 2030 (Roland Berger Strategy Consultants, 2015). This will result
in higher incomes, growing demand, millions of consumer desires, and the
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need for millions of machines to manufacture entirely new products. This
presents a challenge to target these new market potential but at the same
time raises question on ‘how to do so?”

Additive manufacturing, also referred to as 3D printing, is a part of a big-
ger trend that is reshaping the industrial sector into something very different
from what has typically characterized manufacturing. This technology turns
traditional manufacturing upside down, offering light, decentralized, almost
“guerilla” options for manufacturing. As we discussed in our paper, various
3D printing projects designed to address the needs of BoP customers are a
symbol of something truly inspiring.

We have elaborated that 3D printing holds the potential to enable new
innovation theory application within the production chain. Frugal innova-
tion has been presented in the form of products development (in the case of
low-cost frugal 3D printer) or in the form of services development and busi-
ness model innovation (as in the case of 3D printing-enabled frugal solu-
tions in prosthesis development). Dual nature of 3D printing, as we have
referred to it, questions management postulates and targets radically new
values, by adopting a clean-slate approach and fostering an attitude of fru-
gality within frugal innovation theory (Prahalad, Mashelkar, 2010; George
et al., 2012; Radjou et al., 2012; Soni, Krishnan, 2014).

We have discussed that by enabling consumers to have far greater impact
on co-creation through frugal innovations in 3D printing has the potential
to improve lives and to integrate those who were previously excluded from
the formal economy. By integrating the poor into the formal economy it
improves their standard of living, positively affects socioeconomic devel-
opment through democratizing effects and has a positive and sustainable
impact on economic empowerment, social development and democratiza-

tion (Mair et al., 2012).

We have tried to use example stories that bolster our aforementioned
theory. Moreover, like mobile phones and similar emerging technologies,
3D printing is presented here as a crucial technology that could be the game
changer in enabling the developing world to leap into a new age of indus-
trial production. Many significant technologies were widely adopted at some
point in their development as innovations, becoming reality and changing
who and what we are. Thus, scholars are encouraged to engage in this field
of research. Opening a discussion on questions related to 3D printing and
frugal innovations, identifying success stories and good practices will spur
not only the next wave of knowledge but also more responsible and sustain-
able development of the new products and services made possible by this
technology.
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Certain limitations are presented in the form of scoped review on the
success stories used in our paper. Significant collaborative projects exist that
also confront the traditional value creation chain. Moreover, we would like
to highlight that our intention with this paper was not to go into details of
describing 3D printing as manufacturing method but to present it as a part
of a larger value chain, incorporating maker culture movement and frugal
innovation theory, which leads to development of frugal solutions. Also, we
would like to highlight that this paper requires further analysis of available
methods for developing low-cost prosthetic implants. Thorough comparison
of 3D printing and such similar methods, in the context of frugal innovation
presents future perspectives of our paper.
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