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Abstract

Frugal innovations are increasingly considered in the context of sustainability and are seen to
have promising potential for the realization of global sustainability goals. So far, the discourse
has focused on the question of whether and how frugal innovations contribute to sustainable
development without presenting concrete guidelines and principles. Through a systematic litera-
ture review guiding principles are therefore derived, conceptualized in the motivational context
of emerging and industrialized economies and empirically illustrated using the example of West-
ern automotive companies. The principles can be used to further substantiate the link between
frugal innovations and corporate sustainability as well as to use them for the development of
green(er) innovation.
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A revised and peer-reviewed version of this paper with the title "Frugal Sustainability: A Novel
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1 Introduction

"[...] where economic growth has led to improvements in living standards, it has sometimes been
achieved in ways that are globally damaging in the longer term. Much of the improvement in
the past has been based on the use of increasing amounts of raw materials, energy, chemicals,
and synthetics and on the creation of pollution that is not adequately accounted for in figuring
the costs of production processes" (World Commission on Environment and Development, 1987).

Almost 35 years have passed since the United Nations published the report "Our Common Future"
(so-called "Brundtland Report") and significantly shaped the definitions and implications of sus-
tainable development. Together with the model of the triple bottom line, published in 1994, it
was possible to establish a first basic understanding of the concept and dimensions of sustainability
(Dyckhoff and Souren, 2008; Elkington, 1997; Sitnikov, 2013).

Sustainability is understood as a development "that meets the needs of the present without
compromising the ability of future generations to meet their own needs" (World Commission on
Environment and Development, 1987). According to Elkington (1997), the three dimensions of
sustainability are ecological, economical and social issues, which must be fulfilled holistically despite
their sometimes conflicting requirements. Companies need focus "not only on the economic value
they are supplementing, but also on the environmental value and on the social value they are
supplementing – and eliminating" (Sitnikov, 2013, p. 2563).

Despite many years that the concept of holistic sustainability is now gaining conceptual acuity1,
the state of the world in 2021 is described by the "Intergovernmental Panel on Climate Change"
(IPCC) with the words "climate change widespread, rapid, and intensifying" (IPCC, 2021, p. 1).
Negative changes in the areas of "wetness and dryness, to winds, snow and ice, coastal areas and
oceans" (IPCC, 2021, p. 2) are direct consequences of a global temperature increase, to name but
a few at this point.

Given these circumstances, it is hardly surprising that the so-called efficiency strategies of sus-
tainability management are coming under increasing criticism (Braungart and McDonough, 2002;
Hauschild et al., 2017; Schmidt, 2008; Young and Tilley, 2006). Braungart and McDonough (2002)
sum up the problem when they describe eco-efficiency in their book "Cradle to Cradle: Remaking
the Way We Make Things" as "less bad is no good" and a "destructive system". Several researchers
point out that methods of environmentally oriented product development need a more absolute and
holistic perspective on global sustainability (Hauschild et al., 2017; Schmidt, 2008). Nevertheless,
in view of today’s prevailing basic linear economic paradigm of "take, make, waste", the orientation
towards circular economy design of products is associated with major implementation challenges
on a wide range of levels2. In particular, the rather long implementation period is, among other
challenges, the cause of a sufficiency-driven discussion. Taking Linz (2002) as an example, personal
consumption renunciation, modesty as well as a new culture of prosperity are seen as elementary
and necessary components of a functioning environmental policy. On the other hand, sufficiency is
considered to have a too little saving potential and a lack of social acceptance. As a result, pure
sufficiency strategies are therefore not considered efficient and effective by some scholars (Huber,
2000; Schmidt, 2008).

1More than 10 years before the Brundtland Report, the "Club of Rome" had already pointed out the need for a
necessary paradigm shift in economic policy in its publication "The Limits to Growth" (Meadows et al., 1972).

2A comprehensive overview of barriers for circular innovation and circular business models is provided e.g. by
(Hansen et al., 2021).
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1.1 Connecting the Dots: Frugal Innovation and Sustainable Development

As companies have an impact on the environment due to their activities and can contribute to
solve sustainability challenges at the societal level it becomes necessary to include the role of corpo-
rate sustainability within the overall discourse of sustainable development (Dyllick, 2003). Several
frameworks of "corporate sustainability" or "sustainable entrepreneurship" provide a first orienta-
tion which levels have to be considered for a (more) sustainable orientation of companies (Belz and
Binder, 2015; Dyllick and Hockerts, 2002; Hockerts, 2003; McDonough and Braungart, 2002; Young
and Tilley, 2006).3 Within these frameworks the strategies of efficiency, sufficiency and effectiveness
are all understood as part of a holistic sustainable orientation. By referring to the "fractal triangle",
McDonough and Braungart (2002) mention that "every business decision is connected to and has
an impact upon all three value systems [– equity, economy and ecology –], all of which carry equal
weight and require equal consideration" (Young and Tilley, 2006, p. 407).

Within this debate a research field of innovation management is opening up, which has gained
remarkable and increasing interest in recent years: frugal innovations (Herstatt and Tiwari, 2015;
Radjou and Prabhu, 2015; Tiwari and Kalogerakis, 2016).

Frugal innovations originated in price-sensitive and unsaturated markets of emerging economies,
primary India, where so-called "bottom of the pyramid" (BoP) consumers developed an increased de-
mand for "good enough" products and services (Bhatti, 2012; Brem, 2017; Prahalad and Mashelkar,
2010; Tiwari and Herstatt, 2020). Thus Mashelkar (2014) introduced the term "affordable excel-
lence", which describes affordability in the monetary sense on the one hand, and a technologically
appropriate "good enough" solution without over-functionality on the other.

Often closely linked to constraint-based conditions like scarce financial or material resources
(Agarwal et al., 2021; Prahalad and Mashelkar, 2010), frugal innovations are increasingly gaining
attention and popularity in developed nations as well, especially in the context of sustainability
(Albert, 2019; Brem, 2017; Brem and Ivens, 2013; Herstatt and Tiwari, 2020; Rosca, Reedy and
Bendul, 2017; Tiwari et al., 2016; Tiwari and Herstatt, 2020; Wohlfart et al., 2021).

1.2 Research Questions and Research Design

In his extensive literature review on the positive and negative connection between frugal innova-
tions and sustainability, Albert (2019, p. 11, table 6) states that frugal innovations are "inherently
green", "create value from waste (waste as resource)" or "improve energy and material efficiency".
In contrast to this "frugal innovation does not have an inherent sustainability impact, the ecological
impact of frugal innovation is rather a spill-over effect, the economic and ecological impact is not
always given clearly" (Albert, 2019, p. 10) who refers to Rosca, Arnold and Bendul (2017). Based
on this debate, two research gaps arise which – to the best of the author’s knowledge – have not
been explicitly addressed in the literature.

The first gap concerns the transfer of frugal innovation principles to corporate sustainability in
developed markets. It seems crucial not only to emphasize whether frugal innovations are (not)
sustainable, but how frugal innovations can promote sustainability and which basic innovation
perspectives Western companies can follow to foster green(er) innovation. Already today – despite
the generally criticized lack of empirical research (Albert, 2019; Brem and Ivens, 2013; Rosca, Reedy
and Bendul, 2017) – some in-depth case studies present in detail how frugal innovations support

3Within the scope of this paper, the framework of corporate sustainability developed by Dyllick and Hockerts
(2002) and based on the "six criteria of corporate sustainability" is taken for further analysis.
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sustainable product development, e.g. Busch et al. (2018), Dressler and Bucher (2018) or Molina-
Maturano et al. (2020). However, in order to further establish a link between frugal innovations
and corporate sustainability in Western markets, it is important to create a broader and hands-on
overview to guide companies and decision-makers. For these reasons, the first research question is:

RQ1: Can frugal innovations support corporate sustainability? If so, which principles
can be applied?

Further, this paper will be based on the assumption that frugal innovation principles addressed
in the first research question can improve sustainability performance without the need to develop a
frugal product. Due to numerous barriers to the implementation of frugal innovations (Niroumand
et al., 2021), it seems necessary to underline the trade-off between frugal, but not inherently sus-
tainable, and sustainable, but not inherently frugal. As a result, companies do not necessarily have
to develop a frugal product to increase their sustainability performance. Consequently, there is a
need for a more in-depth conceptual consideration of frugality and sustainability. Hence the second
research question is:

RQ2: How can these principles be conceptualized in the discourse of frugal innovations
and sustainability?

A comprehensive literature review will be conducted to answer the first and second research
question. The findings will be classified by means of a qualitative content analysis along the cat-
egories of corporate sustainability proposed by Dyllick and Hockerts (2002) and translated into
guiding principles afterwards.

Both research questions remain on a conceptual level and build on existing literature. For
this reason, a first empirical investigation of the proposed concepts should be carried out. The
automotive industry will serve as an example as the link to frugal innovations is already subject of
numerous research papers (Bergmann and Tiwari, 2017; Midler et al., 2017; Nielsen and Wilhite,
2015; Palepu et al., 2010; Prabhu, 2017; Singh et al., 2020; Sridharan, 2021; Tiwari and Bergmann,
2018; Tiwari and Herstatt, 2014; Tiwari and Kalogerakis, 2017). Within the scope of this paper,
sustainability publications of Western car manufacturers will be analyzed systematically with regard
to the principles derived in research question one and two. In addition, cases from the automotive
industry will clarify the conceptualization. Finally, the third research question is:

RQ3: How far are frugal innovation principles incorporated in the sustainability strate-
gies of Western automotive companies?

The structure of the paper is as follows: Chapter 2 provides a theoretical background to corporate
sustainability as well as to frugality and frugal innovations. Chapter 3 outlines the literature review,
derives principles of frugal innovations to promote sustainability and conceptualize the findings. In
chapter 4, the implications are transferred to the automotive industry. The paper concludes with a
summary, limitations and the need for further research in chapter 5.
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2 Theoretical Background

First, this chapter discusses the theory of corporate sustainability followed by a comprehensive
taxonomy of frugal innovations in chapter 2.2.

2.1 Corporate Sustainability

According to Schaltegger (2013) sustainability management is a management discipline that runs
through the entire company and supports the various business functions in minimizing negative
environmental and social impacts. In order to achieve a holistic approach, management activities are
based on the understanding of the triple bottom line framework. However, an important distinction
should be made between the two basic philosophies that consistently characterize the corporate
sustainability debate: (eco-)efficiency and (eco-)effectiveness.

Eco-efficiency has become the underlying paradigm of economic activities for companies (Braun-
gart and McDonough, 2002). The understanding of eco-efficiency is closely linked to the concept of
business efficiency and economic performance. As a consequence eco-efficiency is oriented towards
the relationship between a target or output variable (e.g. economic value creation) and an envi-
ronmental reference variable (e.g. environmental impact added) (Schaltegger and Lüdeke-Freund,
2013; Schaltegger and Sturm, 1990). By adopting this understanding, any environmental protec-
tion investment must reduce the environmental impact of the output. This could be done in several
ways, e.g. the reduction of materials used for a product or through the use of renewable energy
for the production of goods. The influence of the ecological and social orientation of companies on
economic performance can be illustrated by the business case for sustainability. In this sense, it is
crucial for a company "how profit increasing social and environmental activities, rather than cost
increasing measures, can be identified and realised" (Schaltegger and Lüdeke-Freund, 2013, p. 248).

By taking a broader perspective, it also becomes clear that "the business case for sustainability
is embedded within the wider notion of corporate sustainability" (Schaltegger and Lüdeke-Freund,
2013, p. 249). As soon as a company (in the logic of eco-efficiency and the business case for
sustainability) does not create economic added value through an ecological or sustainable action, this
action is no longer carried out on a voluntary basis. There is a need to take an absolute perspective
on sustainability – a perspective that makes products "less bad" and creates not only incremental
improvements (Braungart and McDonough, 2002; Dyllick and Hockerts, 2002; Gladwin et al., 1995;
Hauschild et al., 2017; McDonough and Braungart, 2002; Schaltegger and Lüdeke-Freund, 2013).
As the proponents of eco-efficiency, Braungart and McDonough (2002, p. 62) describe this strategy
as "little more than an illusion of change" and "it works within the same system that caused the
problem in the first place".

Within the debate of efficiency and effectiveness Dyllick and Hockerts (2002) adopt a three-
part view of corporate sustainability – divided into the business, natural and societal case for
sustainability. The authors provide six criteria of corporate sustainability that can serve as "clear
indicators for firms to use in their strategy development" (Dyllick and Hockerts, 2002, p. 138), i.e.
eco-efficiency and socio-efficiency as drivers for the business case for sustainability, eco-effectiveness
and sufficiency as drivers for the natural case of sustainability and socio-effectiveness and ecological
equity as drivers for the societal case of sustainability. A detailed explanation of the individual
cases and drivers is given in table 1. This basic understanding will be further used in the following
part of this paper by establishing the connection to frugality and frugal innovations.
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Level Overall Definition Drivers

Business
Case

"Economically sustainable companies guarantee
at any time cashflow sufficient to ensure liquidity
while producing a persistent above average return
to their shareholders."
(Dyllick and Hockerts, 2002, p. 133)

– Eco-Efficiency:
Ensuring corporate competitiveness while
minimizing negative environmental im-
pacts along the entire life cycle of the pro-
duct or service.

– Socio-Efficiency:
Improving the social value of a product or
service and minimizing associated negative
social impacts.

Natural
Case

"Ecologically sustainable companies use only
natural resources that are consumed at a rate
below the natural reproduction, or at a rate be-
low the development of substitutes. They do not
cause emissions that accumulate in the environ-
ment at a rate beyond the capacity of the natural
system to absorb and assimilate these emissions.
Finally they do not engage in activity that de-
grades eco-system services."
(Dyllick and Hockerts, 2002, p. 133)

– Eco-Effectiveness:
Development of products and services that
adopt an absolute perspective on ecologi-
cal sustainability, rather than focusing on
relative, incremental improvements.

– Sufficiency:
Creation of a new, conscious way of
consuming, primarily through abandoning
consumption and questioning the habits of
consumption.

Societal
Case

"Socially sustainable companies add value to the
communities within which they operate by in-
creasing the human capital of individual part-
ners as well as furthering the societal capital of
these communities. They manage social capital
in such a way that stakeholders can understand
its motivations and can broadly agree with the
company’s value system."
(Dyllick and Hockerts, 2002, p. 134)

– Socio-Effectiveness:
Development of products and services that
adopt an absolute perspective on social sus-
tainability, i.e. that add social value to so-
ciety as a whole.

– Ecological Equity:
Ensuring that future generations are not
negatively impacted by today’s economic
activities or the exploitation of (natural)
resources.

Table 1: Levels of corporate sustainability, adopted by Dyllick and Hockerts (2002)

2.2 Taxonomy of Frugality and Frugal Innovation

The origin of the word "frugal" and "frugality" can be traced back to the 16th century – where the
Latin term "frugalis" can be translated as "economical", "thrifty", "suitable" (Oxford Advanced
Learner’s Dictionary, 2021; Wohlfart et al., 2021). It is assumed that the term "frugal" made its
way into innovation management for the first time in 2009 in the context of low-cost innovative
medical technology and – as already described – generated significant research interest (Herstatt
and Tiwari, 2015; The Economist, 2009). However, mainly discussed in the fields of innovation ma-
nagement and business research, some other disciplines that are directly related to the term must
not go unmentioned (Tiwari et al., 2016). To provide a comprehensive introduction into "frugality"
and "frugal innovation" table 2 can serve as a first orientation.

Frugality in Philosophy
Due to the focus of the working paper on innovation management, the philosophical aspect of
frugality will only be briefly touched. Nevertheless, Tiwari et al. (2016, p. 7) note "the importance
of investigating the history and geography of frugality, especially when aiming to better understand
its relation to questions of innovation, progress, and sustainability". The basic understanding of
frugality is already thousands of years old and has always been the cause of philosophical and
nowadays increasingly business-relevant debates.
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Subject Keywords Exemplary Sources

Philosophy Golden mean ("middle path"),
modesty and prudence Bouckaert et al. (2007); Tiwari et al. (2016)

Innovation
(wider sense)

Bottom-of-the-pyramid (BoP),
global and disruptive innovation,
affordable (green) excellence

Brem (2017); Herstatt and Tiwari (2017); Prahalad and
Hart (2002); Radjou and Prabhu (2015); Zeschky et al.
(2011)

Innovation
(narrower sense)

(Frugal) Mindset Krohn and Herstatt (2018); Krohn et al. (2019, 2020);
Soni and Krishnan (2014)

(Frugal) Process/ Engineering Beise-Zee et al. (2021); Knizkov and Arlinghaus (2020);
Sissoko and Castiaux (2018); Weyrauch (2018)

(Frugal) Outcome/ Product Rao (2013); Singh et al. (2020); Weyrauch and Herstatt
(2016)

Table 2: Taxonomy of frugality

In philosophical writings that deal with the question of "how we should live" we observe various
connections to frugality and frugal lifestyles. Taking the example of Confucius and Aristotle both
philosophers speak of "the mean" and "moderation" – a path without extreme positions, which is
also called the "golden mean" (Lawrenz, 2020, p. 2).

In Epicurus’ philosophy, too, restraint and modesty are important virtues in order to experience
pleasure – the ultimate goal of a human being.4 Even if the philosophy of the Stoa is basically
different from Epicurus’ view, both share the conviction of a sufficiency-oriented way of life. In
this conception, luxury and consumption are not fundamentally rejected, but it is nevertheless
recommended to consume as little as possible, not to become dependent on external things or to
ascribe too significant value to them (Schnor, 2015).

Restraint is also found in Buddhism, which has "not to multiply but to simplify desires" as
one of its principles (Tiwari et al., 2016, p. 9). Song (2020, 2021), based on Buddhist teachings
and cultures, explores the need to discard today’s win-win paradigm of corporate sustainability and
adopt an alternative path. The author proposes the "Buddhism-based sustainability framework"
with three principles that serve as an orientation for more corporate sustainability, i.e. moderation,
reasonableness and prudence.

Herstatt and Tiwari (2020) emphasize how (over)consumption in Western society does not in-
evitably lead to a more satisfying way of life. The involuntary renunciation that society is now
experiencing in the Covid-19 pandemic, however, has the potential to question and recognize that
consumption alone does not bring happiness: "People experienced that ’less can be more’ and that
one can be even happier with much less spending for things, we eventually do not need anyway.
[...] Frugal lifestyle [...] does not mean bare renunciation of everything possible, but conscious
consumption" (Herstatt and Tiwari, 2020, p. 12).

Particularly in the context of developed countries, renunciation and prudence as represented
by Aristotle, Epicurus, the Stoa, but also Immanuel Kant, Adam Smith or Adam Weishaupt5 are
becoming increasingly important in the context of environmental challenges and overconsumption.

Frugality in Innovation Management
In order to derive a taxonomy for the concept of frugal innovations, the division into an innovation
mindset, innovation process and innovation outcome proposed by Kahn (2018) proves useful. Other
taxonomies of frugal innovations that have already been published, such as the one by Soni and Kr-
ishnan (2014) or Knizkov and Arlinghaus (2020), are also based on this threefold division. However,

4See the famous writing "Letter to Menoeceus" (Epicurus, 2021).
5See Tiwari et al. (2016) and Bouckaert et al. (2007) for a more comprehensive overview.
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since frugality is often also understood as an overarching philosophy as well as provides links to
several other theories within innovation management this section will focus on frugal innovations
in a wider sense at first. Afterwards, the focus will shift to the frugal mindset, process and
outcome – or in other words – frugal innovations in a narrower sense .

In order to provide an introduction to frugality in innovation management, a historical perspec-
tive seems to be a suitable approach. Therefore the "undergoing contextual shift" (Brem, 2017,
p. 39) within the theory of frugal innovation is taken as a basic frame for this purpose. A similar
historical outline is presented by Tiwari and Herstatt (2020), which describe the different phases of
traditional frugality as "frugality 1.0" to the modern understanding of "frugality 4.0".

Starting with the theory of the "bottom-of-the-pyramid" (BoP)6 it is important to note that
Western companies are overlooking the unsaturated markets of emerging economies. Even though
products and services in emerging markets have relatively low profitability, the aggregate purchasing
power of the BoP is far greater than that of the upper segments. In spite of this, companies are
increasingly focus on more profitable market segments and thus overlooking the economic oppor-
tunities of the lower market segments "due to the limited purchasing power of its customer base"
(Brueckner, 2013, p. 1149).

This hesitation and the ignorance on the low-end segments offer from the perspective of the
theory of disruptive innovation by Christensen (1997) a great potential for disruptors to enter
precisely this market and, from there, possibly become a threat to incumbents. "Products based
on disruptive technologies are typically cheaper, simpler, smaller, and, frequently, more convenient
to use" (Christensen, 1997, p. xv). The theory of disruptive innovation provides one answer, why
Western MNCs struggle to penetrate BoP markets – despite their outstanding growth potential.

Prahalad and Hart (2002, p. 3) outline that "doing business with the world’s 4 billion poorest
people [...] will require radical innovations in technology and business models. [...] Companies
will be forced to transform their understanding of scale, from a ’bigger is better’ ideal to an ideal
of highly distributed small-scale operations married to world-scale capabilities." The result of this
(re-)orientation are so-called affordable, low cost, sustainable – in short frugal – innovations.7

Moreover, the scientific debate about "low-cost-high-quality" innovations makes a reorientation
of the lead market theory necessary. In particular, Tiwari (2017, p. 55) points out that India is "a
very attractive market for frugal innovations, which can be then introduced in other markets with
comparable socio-economic conditions or even in the industrialized world." Empirical investigations
within the Indian automotive industry shows that India is "in a position to lead the demand for
(low cost) small cars for price-sensitive customers [...], for whom cost of ownership is a key criterion
of decision making in regard to any such purchase of relatively large magnitude" (Tiwari and
Herstatt, 2014, p. 192). Ultimately, the interest of Western MNCs in unsaturated markets as
well as the increasing diffusion of innovations from new lead markets such as India contribute
to the fact that frugal innovations must be interpreted as a multinational, global phenomenon
(Agarwal and Brem, 2021, part III). As a result, the context in which frugal innovations have been
investigated in research is changing (Brem, 2017). Initially, the focus was on the understanding
how domestic companies in emerging markets manage to bring affordable and technologically well-
developed products ("affordable excellence" (Mashelkar, 2014)) to market under difficult marginal
conditions, such as low purchasing power or resource scarcity. Especially in saturated markets

6See Prahalad and Hart (2002) and Prahalad (2005)
7For the purposes of this working paper, a precise distinction between frugal innovations and, for example, jugaad

or reverse innovations will not be made.
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in Western economies, the BoP markets appear to be a promising opportunity for companies to
generate a win-win situation with innovations "that are profitable as well as help solve social and
environmental problems in low-income countries" (Brueckner, 2013, p.1149).

But frugal innovations are also seen as having great potential in industrialized nations. What
is also called "frugality 4.0", "affordable green excellence" or "frugality by choice" is the consistent
orientation of society towards conscious consumption with a focus on environmental sustainability
(Tiwari and Herstatt, 2020). The key motives for pursuing a frugal life style are thus partly different
from the predominantly financially driven motivation in emerging markets.8 Interestingly, years
before the term "frugal innovation" appears in the academic (global) discourse, Prahalad and Hart
(2002, p.12) recognized that "many of the innovations for the bottom can be adapted for use in the
resource- and energy-intensive markets of the developed world".

In this contextual shift, the conceptualization based on Rosca, Arnold and Bendul (2017) and
presented in fig. 1 provides a more comprehensive overview. A distinction is made between the
origin of the frugal discourse, product or service (from emerging or industrialized nations) and the
target market (to emerging or industrialized nations).

market penetration of
“Bottom-of-the-Pyramid” (BoP)

voluntary simplicity &
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Figure 1: Conceptualisation of frugal innovation in innovation management, adopted by Rosca,
Arnold and Bendul (2017) and further modified by the author

By adopting a narrower sense on frugal innovations, questions arise about the prevailing innova-
tion mindset within organizations to promote frugal thinking and innovate frugally. Since "reverse
product innovations are fundamentally different from advanced products developed for Western
markets, the existing structures of Western MNCs’ international R&D organisation may not be
designed to meet the requirements of frugal innovations [...]" (Zeschky et al., 2014, p. 259). Based
on the theory of "Action Phases and Mindsets" by Gollwitzer (1990) as well as the "Theory of
Planned Behavior" by Ajzen (1991) researchers investigate the frugal mindset both on a concep-
tual as well as empirical level (Krohn and Herstatt, 2018; Krohn et al., 2019, 2020). Quoting the

8Again, in the context of lead market theory Tiwari (2017, p. 55) mentions that "the acceptance [in India] seems
to be, however, primarily motivated by financial considerations and in that it varies from their global counterparts,
who also put emphasis on environmental aspects in their pursuit of frugality."
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authors "a frugal mindset describes a cognitive orientation, which results in questioning current
assumptions, re-evaluating current approaches and implementing effective actions to develop frugal
innovations" (Krohn and Herstatt, 2018, p. 13). The authors present nine core characteristics of a
frugal mindset (Krohn and Herstatt, 2018) and propose a way how to operationalize it – resulting in
a research model that quantifies different influencing factors of behavioral intention (Krohn et al.,
2020). Accordingly, organizations and managers with a frugal mindset are able to develop a deep
and precise understanding of customer needs and translate these into frugal outcomes (Krohn and
Herstatt, 2018).

Knizkov and Arlinghaus (2020) provide a comprehensive overview of the state of research about
the processual characters of frugal innovations. Frugal processes are "understood and defined in
relation to their desired outcome, frugal products" (Knizkov and Arlinghaus, 2020, p. 6).9 Despite
the direct link between frugal processes and outcomes, scholars point out the need to conceptually
separate the two terms (Bhatti and Ventresca, 2013; Soni and Krishnan, 2014). Knizkov and Ar-
linghaus (2020, p. 6) emphasize that "frugal processes do not necessarily need to result in frugal
products, [but] frugal products require all processes associated with them to be frugal as well".
However, according to Knizkov and Arlinghaus (2020) literature about frugal processes is still un-
dertheorized. The researcher underline that most of the papers published provide a strong focus
on product and outcome level. Eventually the authors develop a set of nine (frugal) process cha-
racteristics, e.g. simplified, localized, iterative and flexible. Also Weyrauch (2018) finds within a
19 months action research project, that frugal innovation processes needs to be flexible and partly
iterative. A market-pull philosophy, i.e. consistent orientation to customer needs, must therefore
be emphasized early on in product development.

The term frugal engineering can be defined as "a clean-sheet approach to product develop-
ment that aims at maximizing value for the customers while minimizing non-essential cost" (Soni
and Krishnan, 2014, p. 9). In this context Beise-Zee et al. (2021), Weyrauch (2018) and Herstatt
and Tiwari (2015) provide an overview of possible methods for the frugal (engineering) process.
Examples include the value analysis, analogy method, TRIZ10 or contradiction-oriented innovation
strategy as well as target costing. The resource-constraint characteristic of frugal innovations is
also subject of recent research as a major factor influencing the frugal engineering and innovation
process (Agarwal and Brem, 2021; Agarwal et al., 2021; Beise-Zee et al., 2021).

In order to be able to distinguish a frugal product from a non-frugal product, Weyrauch and
Herstatt (2016) propose the three criteria often cited in academia. According to these, a frugal
product is characterized by (1) substantial cost reduction, (2) concentration on core functionalities
and (3) optimized performance level. It is important to underline that the cost reduction is always
achieved from the customer’s perspective, thereby emphasizing the criterion of affordability. How-
ever, the decisive factor which classifies an innovation as (not) frugal, are the total costs of ownership
(Tiwari and Herstatt, 2012; Weyrauch and Herstatt, 2016). In meeting the core functionalities and
the required level of performance, various attributes, like "affordable", "robust", "user-friendly",

9The reader should be made aware of the conceptual vagueness of frugal process and frugal engineering, see also
Soni and Krishnan (2014) who classify "frugal engineering" in the category "process". However, the term "frugal
engineering" is often treated as independent concept within the theory of frugal innovation. Beise-Zee et al. (2021,
p. 649) note that "we are still far from being able to flesh out a sophisticated and theory-driven constraint-based
engineering". As a reason of that, frugal engineering is also understood as part of the innovation process and not
further conceptualized in this paper.

10Translated from the Russian teoriya resheniya izobretatelskikh zadatch as "theory of inventive problem solving".
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"scalable", "sustainable", "resource-efficient" or "social" are used to describe a frugal outcome more
in-depth (Albert, 2019; Herstatt and Tiwari, 2015; Radjou and Prabhu, 2015; Singh et al., 2020;
Weyrauch and Herstatt, 2016).

Researchers also point out that the "good-enough" philosophy must always be contextualized
and interpreted in a situation-specific way.11 As a result, the market-geographical context needs to
be taken in account when analyzing frugal innovations – an insight that is particularly important in
the research and diffusion of frugal innovations in developed nations. In this sense Wohlfart et al.
(2021, p. 160) state that affordability "is an important factor in all markets but has a different
meaning in a high-income country compared to a middle- or low-income one".

3 Frugal Sustainability in Academia

After the theoretical background of corporate sustainability as well as frugal innovations has been
presented, the multifaceted relationship between sustainability and frugal innovations will be dis-
cussed in this chapter which is structured as follows: first, the method and the results of the
systematic literature review (SLR) are described. Subsequently, the result of the SLR is analyzed
with a content analysis based on predefined (a-priori) categories. The iterative process of inductive
categorization finally leads to the development of specific principles to foster sustainable innovation
based on frugality. The chapter concludes with the conceptualization and discussion of the proposed
term "frugal sustainability".

3.1 Systematic Literature Review

As mentioned in the introduction, there are numerous studies of frugal innovations in the context
of sustainability. While some authors see a strong correlation between frugal innovations and
sustainability (Brem and Ivens, 2013) others are more critical (Rosca, Arnold and Bendul, 2017).
A comprehensive overview of the positive as well as negative connections is presented by Albert
(2019) on the basis of an extensive literature review conducted in April 2017. Because of the growing
interest in frugal innovations in literature and in the global business context as well as due to the
increasing urgency of sustainable development, it seems to be reasonable to conduct a current SLR
of both disciplines. With the method of the SLR "all empirical evidence that fits the pre-specified
inclusion criteria to answer a particular research question or hypothesis" (Snyder, 2019, p. 334) can
be determined.

The first step was to define the search keywords, which were set as "frugal innovation*" and
"sustainab*" (to ensure both "innovation" and "innovations" as well as "sustainability" and "sus-
tainable"). In order to achieve a precise focus on the two mentioned disciplines, the query was
limited to headings in which both keywords had to appear. Further, only (conference) reports, ar-
ticles and book chapters in English language were considered. On September 2, 2021, the literature
search was carried out in the following databases: Web of Sciece (17 findings), EBSCO Business
Source Premier (9 findings), Google Schoolar (42 findings) and BASE (63 findings). The results
are presented in table 5. After duplicates were removed, 48 findings remained. 9 reports were not
included as not relevant to the content, not accessible or due to Spanish language. Ultimately,
39 findings were considered in the final database and therefore taken into account for the content
analysis.

11A car horn in India can serve as an example, which must be particularly robust due to its frequent use (Herstatt
et al., 2008).
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Interestingly, an analysis of the publication dates shows that approximately 50% of all findings
appeared in 2019 or later. On this basis, an increasing attention to frugal innovations and sustain-
ability can be identified, underlining the continued focus on frugality in innovation management.

Figure 2: Result of the SLR, ordered by publication date (own illustration)

3.2 Frugal Innovation and Corporate Sustainability

In order to determine the relationship between frugal innovations and corporate sustainability, a
qualitative content analysis was conducted within this study following the approaches proposed
by Kuckartz (2018). According to Kuckartz (2018) qualitative content analysis is characterized in
particular by its structured, code-guided approach.12

Therefore, the sources identified in the SLR were first coded using a-priori (deductive) codes.
These codes were based on the structure of corporate sustainability already proposed by Dyllick and
Hockerts (2002) and presented previously. Thus, this categorization goes beyond the classification
based on the triple bottom line as it is carried out for example in Albert (2019) or Levänen et al.
(2016). Furthermore, the characteristics of frugal innovations can be classified along efficiency, effec-
tiveness and sufficiency. A summary of the results is given below. For the sake of better readability,
only a limited number of sources are given.

(1) Business Case – the eco-efficient perspective
The efficiency paradigm of frugal innovations expressed in the principle "do more with less" (Radjou
and Prabhu, 2015) can also be found in numerous sources of the SLR. Efficiency is defined in various
ways, but can often be referred back to the concept of reduction. In this context, Brem and Ivens
(2013, p. 41) note the reduction of "input resources required for the production of a market offering"
of a frugal product. The reduction of complexity in frugal processes and products as well as the
resulting cost savings are stressed by several scholars (Brem and Ivens, 2013; Busch et al., 2018;
Hossain, 2018; Khan and Le Bas, 2019; Le Bas, 2016; Levänen et al., 2016; Pansera and Sarkar, 2016;
Rosca, Arnold and Bendul, 2017). As a consequence, frugal innovations can lead to a reduction of
negative externalities, like emissions or waste and therefore reduce the ecological footprint (Albert,
2019; Brem and Ivens, 2013; Busch et al., 2018; Khan, 2016; Yousaf et al., 2021).

12Due to issues of conceptual differentiation between "code" and "category", the recommendation of Kuckartz
(2018) is also followed here and both terms are used synonymously.
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In addition to the promotion of environmental sustainability, frugal innovations are often posi-
tively linked to the corporate growth to improve and maintain economic orientation and business
opportunities (Albert, 2019; Basu et al., 2013; Brem and Ivens, 2013; Le Bas, 2016; Molina-Maturano
et al., 2020). The realization of new market potentials can be achieved through the radical and
disruptive nature of frugal innovations, which forces companies to rethink products, processes and
business models (Brem and Ivens, 2013; Iqbal, Ahmad, Li and Li, 2021; Le Bas, 2017). Scholars
emphasize that new, customized innovations have been developed in particular due to constraints
and restrictions within the innovation environment (such as the scarcity of materials or financial
resources). In this context numerous case studies from different countries, like Brazil (Busch et al.,
2018), India (Chhabra, 2016; Hossain, 2021), South Africa (Dressler and Bucher, 2018; Johnsson,
2020), Kenya (Musona, 2021), Mexico (Molina-Maturano et al., 2020) or Mali (Sissoko and Casti-
aux, 2018) provide valuable insights.

(2) Business Case – the socio-efficient perspective
In particular, the socio-efficient sustainability perspective of frugal innovations is one of the most
frequently found in the literature. This seems not surprising as frugal innovations, as described,
originate from the debate of customers of the BoP. In this context, Pansera and Sarkar (2016,
p. 19) emphasize the role of the BoP as "poor-as-consumers, poor-as-co-producers and poor-as-
innovators". Khan (2016, p. 21) summarizes that "frugal innovators pull poor customers into the
mainstream, innovate for them and provide affordable and viable solutions to their needs. Therefore,
businesses that innovate frugally contribute towards societal goals alongside economic ones". The
social value of frugal innovations can be illustrated in particular by the empirical studies just cited
above and manifests in a wide variety of forms (Johnsson, 2020; Khan, 2016; Yousaf et al., 2021).
Examples include the fight against poverty and hunger as well as the promotion of prosperity,
economic development, digitalization and knowledge creation, to name just a few. Frugal products
are optimized precisely for the local and social infrastructure and shortcomings. Numerous authors
point out the need for local value creation, for example through local development, manufacturing
and distribution as well as use of locally available resources (Busch et al., 2018; Khan, 2016; Pansera
and Sarkar, 2016; Rosca, Arnold and Bendul, 2017; Sissoko and Castiaux, 2018).

Finally, affordability is central to the debate on social-efficiency of frugal innovations. Through
affordability frugal innovations enable low-income populations with (very) low purchasing power to
consume and ultimately promote prosperity and social development. Despite numerous similarities
to sustainable and reverse innovation, the characteristic of affordability is the central distinctive
feature of frugal innovations (Le Bas, 2016).

(3) Natural Case – the eco-effectiveness perspective
A number of sources show evidence of a correlation between frugal innovations and circular economy
approaches. This refers to the orientation towards the "R-principles" (e.g. reuse, recycling or
reduce), focus on closed-loop activities, the avoidance of toxic and hazardous ingredients or the use
of renewable energy (Busch et al., 2018; Iqbal, Ahmad, Li and Li, 2021; Le Bas, 2016; Rosca, Arnold
and Bendul, 2017). Based on Tiwari et al. (2014), Albert (2019, p. 13) states that "practices of
planned obsolescence are incompatible with frugal innovation, since frugal innovation, [...] need to
cope with various infrastructural shortcomings such as voltage fluctuation, abrupt power-cuts, dust,
and extreme temperatures".

However, with a few exceptions, e.g. Busch et al. (2018), the link towards circularity remains
mostly at a conceptual level. Authors criticize the lack of an absolute perspective of sustainability.
In this sense Levänen et al. (2016, p. 10) emphasize that "despite frugal innovations being more
ecologically sustainable in a local context, it is especially difficult to estimate their material effi-
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ciency from the global life-cycle perspective". To conclude, the discrepancy between relative and
absolute sustainability perspectives in the context of frugal innovations remains one of the many
under-researched issues in this field.

(4) Natural Case – the sufficiency perspective
The sufficiency nature of frugal innovations is one of its core characteristics, reflected for example
in the philosophy of "good enough". The avoidance of unnecessary product features as well as
overengineering and a significant simplification of the products or services can be categorized as
sufficiency-oriented strategies (Basu et al., 2013; Hossain, 2018; Le Bas, 2017; Rosca, Arnold and
Bendul, 2017). Frugal innovations are also highlighted in the context of voluntary simplicity and
post-growth opportunities, which also promote critical reflection on product features and conscious
consumption (Albert, 2019; Carrera and MacDonnel, 2015; Rosca, Reedy and Bendul, 2017).

Since complexity reduction in an eco-efficient sense as well as simplification in a sufficiency sense
are closely related to each other, the conceptual distinction between sufficiency and efficiency is not
always obvious; a characteristic of frugal innovations that Rosca, Reedy and Bendul (2017, p. 149)
notes as "combination of efficiency and sufficiency approaches".

Despite closely linked sufficiency approaches, the "excellence" characteristic of frugal innova-
tions should be emphasized again at this point. Although frugal innovations have a reduced range
of functions, their quality attributes precisely meet customer needs and – by definition – do not
produce poor or cheap quality (Weyrauch and Herstatt, 2016).

(5) Societal Case – the socio-effectiveness perspective
The BoP context in which frugal innovations originate focuses on economically and socially margina-
lized population groups. Frugal innovations consider society as a whole and are seen as drivers for
social equality, environmental justice and social inclusiveness (Dressler and Bucher, 2018; Khan,
2016; Khan and Haldar, 2015; Le Bas, 2016; Pansera et al., 2017). With that, consumption and
well-being, as well as research, development and production, are shifting more and more to other
regions and markets in the world, thus promoting the global fight against poverty and social in-
equality (Albert, 2019; Bhatti and Prabhu, 2019; Hossain, 2018; Rosca, Reedy and Bendul, 2017).

(6) Societal Case – the ecological equity perspective
The final aspect of the corporate sustainability framework is also the one for which by far the least
content could be found. As long as ecological equity is conceptually separated from eco-effectiveness,
only Rosca, Reedy and Bendul (2017, p. 151) mention frugal innovations in the context of future
generations. Due to the ecological characteristics of frugal innovations it is possible "to meet the
needs of the current generation and the future ones" – a wording that recalls the definition given in
the Brundtland Report which also emphasizes the intergenerational aspect of sustainability (World
Commission on Environment and Development, 1987).

Further, if responsible innovations or corporate social responsibility (CSR) are explicitly consi-
dered in the context of intergenerational and environmental justice, a link to frugal innovations can
be established as well (Albert, 2019; Le Bas, 2017). Otherwise, this point remains vague and more
in-depth investigations should be carried out, for example on the basis of other search criteria of
the SLR.

3.3 Principles of Sustainable Frugal Innovation

After the sources of the SLR were classified into the predefined criteria, these were refined into
inductively generated categories. This iterative process resulted in the principles shown in table 3.
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Case Driver Principle Exemplary sources
B
us
in
es
s
C
as
e

Eco- Efficiency

Reduce input resources, negative
externalities and product/service
complexity ("do-more-with-less-
paradigm")

Brem and Ivens (2013), Khan and Le Bas
(2019), Albert (2019), Levänen et al. (2016),
Busch et al. (2018) , Khan (2016), Rosca,
Arnold and Bendul (2017)

Rethink and redesign products, pro-
cesses and business models in a radical
and/or disruptive way in order to in-
crease and maintain economic growth
and market performance
Balance innovation contradictions,
constraints and scarcities and treat
them as opportunities rather than
barriers

Socio-Efficiency

Create local value and preserve user
proximity with a deep understanding
of customer needs

Khan (2016), Sissoko and Castiaux (2018),
Rosca, Arnold and Bendul (2017), Le Bas
(2016)

Create social value by addressing and
tackling social challenges
Foster affordability through consistent
reduction of total cost of ownership

N
at
ur
al

C
as
e Eco-Effectiveness

Take an absolute perspective on sus-
tainability through circular economy
approaches

Busch et al. (2018), Iqbal, Ahmad, Li and Li
(2021), Levänen et al. (2016)

Prevent (planned) obsolescence
through robustness, durability and
reuse

Sufficiency

Renounce unnecessary features by fos-
tering simplification and a "good-
enough-philosophy"

Basu et al. (2013), Hossain (2018), Rosca,
Reedy and Bendul (2017)

Consume and procure consciously with
voluntary simplicity

So
ci
et
al

C
as
e

Socio-Effectiveness

Promote social equity and justice
through inclusive and social innovation

Dressler and Bucher (2018), Khan (2016),
Bhatti and Prabhu (2019)

Consider society as a whole through in-
creased focus on BoP

Ecological Equity
Address ecological ethics and intergen-
erational awareness with responsible
innovation

Rosca, Reedy and Bendul (2017), Albert
(2019), Le Bas (2017)

Table 3: Principles of frugal sustainability based on SLR

The procedure follows the process of a "structuring content analysis" according to Mayring (2015)
and Kuckartz (2018), which is based on a mixed form, also called "deductive-inductive category
formation" (Kuckartz, 2018, pp. 95-96). The final categories were reformulated into the form of a
principle that can be used as a strategic orientation for sustainable product and process development.

The principles shown present a combination of theoretical contributions as well as empirical
studies based on the literature shown in table 5. They do not answer the question whether fru-
gal innovations are (inherently) sustainable or not. Rather, these principles can be used for the
development of sustainable and green(er) innovation without the intention of developing a frugal
innovation in the definitional sense according to Weyrauch (2018). Given these considerations, the
conceptualization of the principles within the overall academic discourse becomes necessary and will
be therefore discussed in the next chapter.

3.4 Discussion: Frugal Sustainability and Sustainable Frugality

In addition to the positive contribution of frugal innovations to sustainability, there are also a
number of reports that are more critical in this context. For example, Albert (2019) presents features
and characteristics of frugal innovations that have a negative or even counterproductive impact
on sustainability. Examples include rebound effects or a lack of adequate end-of-life-treatment.
Numerous authors point out that frugal innovations are not developed for ecological reasons and
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that positive contributions to sustainability are (incidental) side effects. Thus, Rosca, Arnold and
Bendul (2017) speak of a spill-over effect of ecological advantageousness. Both Wohlfart et al. (2016)
and Weyrauch (2018) state that environmental aspects are not the primary motivation and focus
of frugal innovations. As a consequence, Akbar and Subramaniam (2019) (who refers to Lelivelda
and Knorringab (2017) as well as Hyvärinen et al. (2016)), underline the need to adopt a wider and
long-term perspective on frugal innovations that is not limited to the product-level. Iqbal et al.
(2020, p. 6) notes that "frugal innovation is inherently sustainable but does not result in sustainable
performance in and of itself". Finally, for Le Bas (2016), the lack of a primary focus on sustainability
is the key difference between frugal and sustainable innovation, even if frugal innovations basically
support the sustainability orientation of technology.

The discussion about positive and negative impacts of frugal innovations on sustainability can be
summarized with the question "How much sustainability is inherent in frugal innovation?". Some
features of frugal innovations have no impact on the promotion of sustainability goals while others
can actively contribute to an improvement in many aspects. The lack of a holistic view of sustain-
ability in frugal products can be explained by the fact that frugal innovations have mainly been
considered in the context of developing countries and thus the focus is more on social and economic
aspects rather than achieving ecological improvements (Albert, 2019; Busch et al., 2018; Khan,
2016; Tiwari and Kalogerakis, 2016; Wohlfart et al., 2016). But even in industrialized nations, the
focus of frugal innovations is not necessarily holistic. As Wohlfart et al. (2021) point out, there is a
different understanding of the term "affordability" compared to emerging nations. Further, Albert
(2019) highlights that the motivation for simplification and complexity reduction is a also different.
Consequently, the social aspect is not at the forefront of frugal innovations in developed markets
and the focus shifts more to an economic-ecologic motivation.

With respect to Brem (2017) and Tiwari and Herstatt (2020) who emphasize the global character
of frugal innovations it seems necessary to strengthen the focus on the two following aspects:

First, the motivating background of frugal innovation approaches in different countries is too
multifaceted to draw a single and final conclusion about the sustainability impact. Some authors
underline the need to operationalize sustainability effects in order to be able to better compare and
evaluate progress caused by frugal innovations (Albert, 2019). Others propose a reference point
against which the (local) sustainable benefits can be measured (Busch et al., 2018). However, as
shown in the SLR, it is revealed that frugal innovations contribute to sustainable development at
different levels of corporate sustainability. Dressler and Bucher (2018, p. 276) point out that "if
frugal innovations can at least be called more sustainable than other innovative solutions, they
could have a great impact on the economic future". This potential makes it particularly interesting,
especially for Western companies, to pay more attention to the innovation principles of frugality.

The second aspect concerns a more explicit conceptual separation of frugal innovations and sus-
tainability. In a globally intensifying discussion about ecological sustainability, Western companies
in particular are forced to come up with eco-innovations. Despite increasing interest in economically
growing BoP markets and local frugality movements (Herstatt and Tiwari, 2020; Wohlfart et al.,
2021), there are, so far, numerous barriers to frugal innovations, especially in Western (high-tech)
environments (Krohn and Herstatt, 2018; Niroumand et al., 2021; Tiwari and Bergmann, 2018).
Fear of product cannibalisation, lack of knowledge or the inhibiting organizational mindset are just
a few examples why Western companies struggle to innovate frugaly. As long as Western companies
are only partially taking up the development of frugal innovations, a second question arises: "How
can corporate sustainability be supported through frugality?".

Consequently, frugality is perceived as an enabler and new perspective to support the primary
goal of (corporate) sustainability. The principles shown in table 3 do not have to result in a frugal
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outcome per se – an implication that Soni and Krishnan (2014) and Knizkov and Arlinghaus (2020)
also emphasize in the context of frugal processes. As described, frugal processes do not have to end
in frugal products. The following terminology, "frugal sustainability" and "sustainable frugality",
is intended to clarify the conceptual separation.

– Sustainable frugality describes the debate on whether and how frugal innovations are sus-
tainable and can thus contribute to the sustainable development goals. The starting point of
the discussion is a frugal product or business model, with the aim of fostering social value in
BoP markets while realizing economic growth opportunities. Social and economic sustainabil-
ity complement each other, ecological effects are a by-product.

– Frugal sustainability describes the debate on how far frugal principles can be used to im-
prove the sustainability performance of companies, both on efficiency and effectiveness levels.
The starting point of the discussion is the goal of ecological sustainability with simultaneous
integration of economic goals into the value creation process. Economical and ecological effects
complement each other, social aspects are a by-product.

Increasing importance of 
ecological-economic aspects  

Increasing importance of 
social-economic aspects  

Principles of 
sustainable and 

frugal innovation 

Frugal Sustainability 
”How can corporate sustainability be supported through frugality?”

Sustainable Frugality
”How much sustainability is inherent in frugal innovation?”

Figure 3: Frugal sustainability and sustainable frugality [own illustration]

The framework shown in fig. 3 supports the broader discussion and conceptionalization. For
companies, the question arises whether (corporate) sustainability should be achieved through the
development of a frugal product or whether the sustainability strategy should be supported with
the principles of frugality. The framework illustrates the trade-off between a frugal (but ultimately
not fully sustainable) innovation and a sustainable (but ultimately not fully frugal) innovation.

Finally, the authors want to state the following proposition: If frugal innovations are to be
given greater consideration in Western nations and high-tech environments, an increasing focus on
frugal sustainability will be essential. The following case studies will therefore serve to confirm the
proposition and to show that "environmental sustainability can only be achieved when it is married
to the concept of frugality" (Herstatt and Tiwari, 2020, p. 20).
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4 Frugal Sustainability in Automotive

As already mentioned in the introduction, the automotive industry is often cited in connection with
frugal innovations. The case of the "world’s cheapest car", the Tata Nano, serves as an suitable
example of a frugal innovation, despite its ultimate inability to become a commercial breakthrough
(Nielsen and Wilhite, 2015; Palepu et al., 2010). But also within developed and industrial nations,
the example of the German automotive component supplier industry shows that frugality is as an
overarching innovation paradigm of modern technology development (Bergmann and Tiwari, 2017).
In this respect, the (Western) automotive industry will also serve as an example for a more in-depth
examination of frugal sustainability.

4.1 Frugal Sustainability in Automotive Sustainability Strategies

In the following analysis, the concept of frugal sustainability is further outlined using quantita-
tive content analysis. For this purpose, the sustainability resp. annual reports of eight Western
and globally operating automotive companies for the years 2016-2020 were analyzed for predefined
keywords. Companies with different market positioning, e.g. from the volume, premium or sports
segment, were selected for a more substantiated overview, see table 4. Together, they represent more
than 37% of the global automotive sales market in 2020, with approximately 29 million vehicles sold
(Statista, 2021c,d,f).13 The keywords were derived from the principles shown in table 3 and are
presented in table 6. Using Maxqda software, the number of words in all reports was provided.
The processed output is shown and analyzed in more detail in the following sections.

Company Country Sales in millions (2020) Share of global car sales (2020)
Volkswagen (without Porsche) Germany 8,89 11,46%
General Motors USA 6,8 8,76%
Ford USA 4,19 5,40%
Renault France 2,95 3,80%
Daimler Germany 2,84 3,66%
BMW Germany 2,33 3,00%
Tesla USA 0,5 0,64%
Porsche Germany 0,27 0,35%∑

/ 28,77 37,07%

Table 4: Automotive companies included in the case (Statista, 2021c,d,f)

Absolute and Relative Frequency of Keywords
In total, 23585 hits were returned for the defined keywords. The hits per keyword are shown in
fig. 4. The graph shows that only a few keywords make up the majority of the hits. More precisely,
the words (and their variants) "emission*", "responsib*", "reduc*", "efficien*", "waste", "local*"
and "recycl*" already account for approx. 80% of all hits.

Subsequently, the keywords were reassigned to the corresponding (sub)category (namely "case"

13Since not all manufacturers publish their sustainability reports at the same time and in the same format, the
following aspects are be pointed out: In 2020, BMW’s sustainability report was merged with the annual report for the
first time and therefore the latter was analyzed. Ford has published sustainability reports of two half-years each until
2019. In order to start the analysis from 2016, the 2016/2017 report was added to the year 2016 (subsequent years
equivalent). In 2020, Ford published a report for the whole year. Porsche has combined the annual and sustainability
report in one document. Similar to Ford, Renault has also published reports of two half-years each. For the analysis,
the annual report 2016/2017 was added to the year 2017 (subsequent years equivalent). The 2015 financial year
was included in a report for 2015 only, so that 2016 could not be analyzed separately. Lastly, Tesla has only been
publishing the so-called "Impact Report" since 2018 – therefore, the years before could not be included in the analysis.
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Figure 4: Occurence and cumultative frequency of selected keywords (own illustration)

and "driver") of the framework of Dyllick and Hockerts (2002) shown in table 1 resp. table 3. Since
some subcategories have a higher number of keywords, the absolute number of hits per subcategory
was divided by the number of corresponding keywords per subcategory. The result – the relative
number of hits per subcategory – is shown in fig. 5.

The presentation of the relative number of hits per subcategory allows some initial insights
to be made. First, the subcategory "ecological equity" is by far the most frequent. Even if this
subcategory was classified by Dyllick and Hockerts (2002) in the "societal case", the result does
not appear surprising in the context of frugal sustainability. Ultimately, the efforts of the economy
and society to promote sustainability as well as environmental awareness can be traced back to
intergenerational justice. As already stated in the definition of sustainable development published
by the UN (World Commission on Environment and Development, 1987), in which intergenerational
equity is a core element, this focus can also be confirmed in the reports examined.

However, eco-efficiency (excluding ecological equity for the moment) outweighs the orientation
of the sustainability strategies of the companies studied. This confirms the primary focus of frugal
sustainability on economic-ecological interests and a secondary focus on eco-effective and socio-
effective levels. Even if the latter two do mark a certain number of hits, sufficiency-based strategies
do not show a particular high level of attention. This confirms the fundamental criticisms of sustain-
ability strategies that are based on sufficiency (cf. introductory part of this paper).

Since, as shown, frugal sustainability is not clearly centered in one of the six groups, but rather
has numerous overlaps, it is necessary to take a closer look at the specific keywords over the years
for a deeper analysis. The longitudinal representation is therefore described below.
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Figure 5: Relative number of hits per subcategory based on Dyllick and Hockerts (2002) (own
illustration)
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Figure 6: Compound annual growth rate (CAGR) 2016-2020 of keywords (own illustration)

Longitudinal Analysis of Keywords
For the longitudinal analysis, the compound annual growth rates (CAGR) of the corresponding key-
words were examined and are shown in fig. 6. Again, there is an observable difference between the
individual words. Interestingly, the most frequently mentioned words in absolute terms – "respon-
sibility*" and "emission*" – experience low or even negative growth rates. The first ten words with
the highest growth rates, none of which is smaller than 28%, are: "equity", "circular*", "accessib*",
"inclusive*", "simpl*", "robust*", "affordab*", "durab*", "complex*" and "rethink*". Analyzing
these words, the clear connection to frugality becomes apparent. Core characteristics such as afford-
ability and accessibility as well as words underlying the modern understanding of frugality such as
circularity and rethinking can be identified. It can therefore be argued that the derived principles
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Figure 7: Analysis of the percentage use of the keywords by year and company (own illustration)

are not only found in today’s strategies, but are showing outstanding growth rates. This underlines
the raising phenomenon of frugality which has been mentioned frequently in the literature.

Analysis of the Percentage Use of Keywords by Year and Company
Finally, the percentage distribution of the keywords found in the reports for the individual companies
is described in more detail. For this purpose, the percentage of the total hits of all words of a certain
car manufacturer in one year was analyzed. This makes it possible to determine any trends over the
years. For example, of all the hits found for the Tesla company, 55% were used in the 2020 report.

First of all, it should be noted that no clear trend can be identified between the brands, neither
in general nor with regard to individual segments, e.g. exclusively within the volume or premium
segment. Some manufacturers show rather constant hits over the years while for some others the
value in 2016 is lower than the value in 2020 (e.g. Ford or Volkswagen). Others again show a con-
tinuous increase (e.g. Porsche or Tesla). Nevertheless, even without a clearly recognizable overall
trend, an interesting connection can be identified, which ascribes a wide spectrum of applications
to the concept of frugal sustainability: Frugality and frugal sustainability must be seen as a new
perspective to foster corporate sustainability, regardless of previous market, brand or product posi-
tioning. This again disproves that frugal innovations are only to be found in low-tech sectors due
to their "good enough" character and thus run the risk of delivering inferior quality. Frugality
must therefore be seen as having a wider range of applications that go far beyond BoP markets and
low-income segments.

4.2 Sustainable Frugality and Frugal Sustainability in the Automotive Industry

Finally, the following section will further illustrate frugal innovations in the context of the automo-
tive industry with the example of a few specific vehicle projects.

Despite the limited commercial success of the Tata Nano, often referred as the "cheapest car in
the world", this case provides an example of how frugal innovations can be developed but eventually
not commercialized (Nielsen and Wilhite, 2015; Palepu et al., 2010). Tiwari and Herstatt (2014, p.
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31) note that "customers have generally acted in a reserved manner while accepting products that
were specifically designed and marketed as ’low-cost products’". On the other hand, the radical
rethinking of the entire development process and supply chain becomes apparent in the case of
Tata Nano even more so (Palepu et al., 2010). Also other models by Tata Motors Limited (TML)
consistently pursue frugal approaches and enjoy great popularity in price-sensitive markets. One
good example is the Tata Ace, a mini truck, which "cost[s] 50% less than any other four-wheeled
commercial vehicle in India" (Tiwari and Herstatt, 2014, p. 71). Unlike the Tata Nano, the Tata
Ace is a major commercial success with over 100,000 produced trucks just 22 months after the
launch in May 2005 (Tiwari and Herstatt, 2014). One of the key features of the Tata Ace is the use
of about 40% vehicle components that "are shared with other TML products to generate additional
savings through bulk purchasing" (Tiwari and Herstatt, 2014, p. 72).

A similar approach, the so-called "carry-over method", has been used by the Romanian manufac-
turer and carmaker "Dacia", part of the French "Renault Group", for many years with outstanding
success in global markets (Knörle and Esch, 2013). By using this method, components are specifi-
cally used that have already completed the development effort and have been successfully established
in the market (in this case parts from other Renault Group brands). This has made it possible to
significantly reduce development costs and successfully offer cars by Dacia not only for emerging
markets but also for price-sensitive markets in Western industrial nations.

Another example is the Renault Kwid which exemplifies the great potential of frugal cars on
the Indian market and in this case manufactured by a Western company. According to Singh et al.
(2020), the great success in the Indian market can be explained in particular by the fact that the
Renault Kwid emphasizes not only affordability but also "other attributes such as functionality,
usability, performance, aesthetics, robust, [and] accessibility" (Singh et al., 2020, p. 10).

The growing importance of affordable cars is also evident in the world’s largest automotive
sales market, China. For years, the share of German passenger cars sold in China in total sales
has been increasing (Statista, 2021b). China’s share of global passenger car production is also
growing at the global level (Statista, 2021a). Nevertheless, recent media reports indicate that the
best-selling electric car, with a market share of almost 20%, is the Wuling Hongguan Mini EV
from the joint venture manufacturer SGMW (Car News China, 2021; Spiegel, 2021; Tagesschau,
2021).14 Available for a price of around 5,000 euros, it once again points out the importance
of affordability, for both economic success and social added value – in this case mobility. These
examples are typical representatives of sustainable frugality , offering a good or good-enough
quality to neglected customers mainly in emerging markets and thus significantly promoting social
prosperity and development. At the same time, these models represent solid sales opportunities,
both for domestic and foreign companies, and secure shares in growth markets that are difficult
to realize, especially for Western companies (Knörle and Esch, 2013). Apart from the numerous
simplifications and the elimination of non-essential functions the advantageousness of ecological
sustainability is not explicitly mentioned in the cases just quoted.

The German automotive industry also provides its first examples of frugal sustainability, as
shown by the example of the "BMW i Vision Circular", a concept car that was first presented at the
"Internationale Automobil-Ausstellung" 2021, or IAA for short. With the introduced model, the
premium manufacturer BMW wants to demonstrate the vision of a fully circular and sustainable car
and at the same time highlight the underlying philosophies of the entire development process pub-
lished in an extensive press release (BMW Group, 2021). Not only does it emphasize the reduction

14SGMW is a joint venture of the companies "SAIC Motor Corporation Limited", "GM China" and Liuzhou
"Wuling Motors Co Limited" (SGMW, n.d.). In 2020 the company already ranked fourth in the number of electric
cars sold worldwide – behind the manufacturers Tesla, Volkswagen and BYD (Statista, 2021e).
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of the use of primary raw materials, but it also literally addresses the "more with less" mentality in
the innovation process. For BMW, the development of the "i Vision Circular" "[...] meant scruti-
nising processes and manufacturing technologies and thinking differently" (BMW Group, 2021, p.
2). Once again, the rethinking and scrutinizing character of frugal sustainability is underlined at
this point – a strategy that has also worked well with the Tata Nano (Palepu et al., 2010). Dura-
bility and robustness are important characteristics, since "[...] the vehicle’s life cycle can also be
extended by refurbishing and redesign" (BMW Group, 2021, p. 3). Finally, even some sufficiency
influences become apparent, which are characterized, for example, by a significantly reduced variety
of materials and parts (BMW Group, 2021, p. 2 and 4).

This large number of cases supports the view that frugal innovations are a global phenomenon
and should not be linked to just one product class or customer group. As shown, the principles of
frugality can be found in products with drastically reduced functionality, as well as in the premium
segment.

5 Summary, Limitations and Further Research

The report contributes to two main aspects of innovation research on frugality and sustainability.
First, based on an extensive literature review, principles were derived according to which frugal

innovations can contribute to sustainable development on the levels of efficiency, effectiveness and
sufficiency. Due to different motivational backgrounds of companies depending on their geographical
location and market conditions, the terms "frugal sustainability" and "sustainable frugality" were
introduced. While "sustainable frugality" emphasizes the sustainable character of frugal innovations
in general, "frugal sustainability" tries to promote sustainability in companies without ultimately
developing a frugal product. Therefore, frugal sustainability should be understood more as a new
overarching innovation perspective.

Second, in order to gain first empirical insights into the concept of frugal sustainability, a quanti-
tative content analysis was conducted on the basis of sustainability resp. annual reports by Western
automotive companies. The results show a clear emphasis and positive development over the years
of keywords that correlate closely with the principles derived earlier. Case studies of different
companies and diverse product segments – from low-price to premium – underline the increasing
importance of the introduced innovation principles.

Finally, the limitations of the studies will be discussed. First, it should be noted that the
literature search was limited to keywords in the headings of the sources. Nevertheless, there are
a large number of publications that also deal with the sustainability aspect of frugal innovations
without having the keywords mentioned in the headline. Furthermore, the selection of reports in
the quantitative analysis was limited to the Western automotive industry. It would be interesting
to examine other sectors as comparative cases in order to be able to identify similar trends.

Moreover, the limitations of quantitative content analysis should not be ignored. While it is
useful to identify overarching trends, it is not possible to examine a single word in its individual
context in detail. For this reason, the keywords should be analyzed, e.g. with the help of a qualitative
content analysis, for a more in-depth validation of the results.

On the theoretical and conceptual level, the principles of frugality and frugal sustainability show
great potential for promoting corporate sustainability. However, as many authors note, the lack
of empirical evidence should also be highlighted here. Despite its theoretical suitability, there are
no empirical studies on whether and how the principles of frugal sustainability can be successfully
applied in Western environments. In subsequent studies, the transferability to the entrepreneurial
level must therefore be investigated.
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A Appendix

Source Included Web
of Science

EBSCO
BSP

Google
Scholar

BASE

Akbar and Subramaniam (2019) (2 entries)
Albert (2019)
Arnett and Claas (2015)
Basu et al. (2013)
Bhatti and Prabhu (2019) (2 entries)
Brem and Ivens (2013)
Brodhag (2021) X (6 entries)
Busch et al. (2018) (4 entries)
Carpentier and Rang (2021)
Carrera and MacDonnel (2015)
Chhabra (2016)
da Silva et al. (2020) (2 entries) (2 entries)
Dressler and Bucher (2018)
Dubey et al. (2021)
Hassani et al. (2019) X
Hossain (2018)
Hossain (2021)
Hossain et al. (2021) (2 entries)
Ibarra Baidón (2018) X
Iqbal et al. (2020)
Iqbal, Ahmad and Li (2021)
Iqbal, Ahmad, Li and Li (2021)
Johnsson (2020)
Khan (2016) (3 entries) (2 entries)
Khan and Haldar (2015) (2 entries)
Khan and Le Bas (2019)
Kim et al. (2020) X (5 entries)
Kunamaneni (2017) X
Le Bas (2016) (2 entries)
Le Bas (2017) (3 entries)
Levänen et al. (2016)
Mishra and Saini (2017) X
Molina-Maturano et al. (2020)
Musona (2021)
Pansera and Sarkar (2016)
Pansera et al. (2017) X (2 entries)
Quevedo et al. (2018)
Rodríguez and Da Cunha (2017) (2 entries)
Rosca and Bendul (2017) X
Rosca, Arnold and Bendul (2017) (2 entries)
Rosca, Reedy and Bendul (2017) (2 entries)
Schneider (2020)
Sehnem et al. (2020)
Shibin et al. (2018) (2 entries)
Sissoko and Castiaux (2018)
Ulz and Winkler (2019) X
Valsamidis (2019)
Yousaf et al. (2021) (2 entries)∑

39 17 9 42 63

Table 5: Detailed result of systematic literature review
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Case Driver Principle Keywords (Quantitative Analysis)
B
us
in
es
s
C
as
e

Eco- Efficiency

Reduce input resources, negative
externalities and product/service
complexity ("do-more-with-less-
paradigm")

efficien*, reduc*, emission*, complex*, waste

Rethink and redesign products, pro-
cesses and business models in a radical
and/or disruptive way in order to in-
crease and maintain economic growth
and market performance

rethink*, redesign*, radical*, disrupt*, grow*

Balance innovation contradictions,
constraints and scarcities and treat
them as opportunities rather than
barriers

scarcit*, barrier*, contradict*

Socio-Efficiency

Create social value by addressing and
tackling social challenges

social value, social challenge

Create local value and preserve user
proximity with a deep understanding
of customer needs

local*, customer-oriented

Foster affordability through consistent
reduction of TCO

affordab*, accessib*

N
at
ur
al

C
as
e Eco-Effectiveness

Take an absolute perspective on sus-
tainability through circular economy
approaches

circular*, recycl*, reus*

Prevent (planned) obsolescence
through robustness, durability and
reuse

robust*, durab*

Sufficiency

Renounce unnecessary features by fos-
tering simplification and a "good-
enough-philosophy"

simpl*, renunc*

Consume and procure consciously with
voluntary simplicity

So
ci
et
al

C
as
e

Socio-Effectiveness

Promote social equity and justice
through inclusive and social innovation

equal*, equity, inclusive*

Consider society as a whole through in-
creased focus on BoP

Ecological Equity
Address ecological ethics and intergen-
erational awareness with responsible
innovation

responsib*, generation*

Table 6: Derived keywords for quantitative content analysis
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