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Chapter 1 Introduction

1.1. Motivation of the thesis and scope of the contribution

An ancient Chinese proverb says, “When the winds of change blow, some people build walls and others
build windmills”. The necessity to introduce new solutions to our VUCA (volatility, uncertainty,
complexity and ambiguity) world raises. The series of crises, constraints of resources require
unconventional solutions, which should be adapted to the context. Frugal innovation is one of the
concepts which is called to address the problem of unserved consumers under scarce resources (Hossain
2018). The word roots from ‘Latin frugalis virtuous, from frug-, frux fruit, value' in 1542 (Merriam-
Webster 2021). India is known as a motherland for frugal innovations, the term tackled the problems
only in developing countries previously, however, lately, it was introduced in developed ones (Wohlfart
et al. 2021). The term “frugal innovation” is quite new, and as it becomes more widespread around the
globe due to increasing request for sustainable and affordable quality solutions. Although, the term is
under debates, academic literature states that frugal innovation is the type of innovation that refers to an
inexpensive, effective, uncomplex, sustainable solution under constraints (Hossain 2020, 2021; Zeschky,
Winterhalter, and Gassmann 2014), including products, processes, and business models, using fewer
resources that are harmless for the environment (Gupta and Wang 2009). Frugal innovation facilitates to
achieve sustainable development goals (SDGs) and reach social sustainability goals via the application
of FI (Khan 2016).

Frugal innovation is a “redesigning products or/and processes to reduce useless costs” (Wooldridge
2010). It can be seen as a mindset or way of life, a process, and an output all at once (Soni and Krishnan
2014). The principles of frugal innovation are robustness, portability, de-featuring, leapfrog technology,
mega-scale production, and service ecosystems (Kumar 2008). From another perspective they encompass

such principles as engage and iterate; flex assets; create sustainable solutions; shape customer behaviour;



co-create value with prosumers, and make innovative friends (Radjou and Prabhu 2015). The concept
created as one of the win-win solutions for the shared benefit of business and communities, society, and
the environment. Hence, innovation efforts require frugal approach and aim to help local businesses and
communities to overcome the impacts of a global crisis.

Personally, given the struggle businesses and communities have faced energy, food, pandemic, post-
pandemic and financial crises, | felt compelled to illustrate the potential ability of frugal innovations,
their real necessity for business and society, and identify the potential markets in terms of industries and
countries. Particularly, | was attracted by such industry as dairy farming, since the research on frugal
innovations is not presented enough, nevertheless it requires sustainable, effective, and solutions for
customers with limited resources. Since the thesis implies a various approach, it could be used by
practitioners from all fields of industries, and dairy farming in particular. Given the alarming spread of
global crisis and challenging issues with sustainability, we believe that the findings presented in our
thesis will appeal to “Sustainable Development Goals” policymakers, and facilitate the formation of
strategy and legal. For the academic world, it illustrates the presence of frugal innovations into the
specific domain and their absence that provides a future research path, it explores the process of
contribution of frugal innovation. Due to the relevance of the concept to the current economic,
environmental, and social situation the research on frugal innovation has raised during last decade. The
first paper in English appeared was in 2005 (Winkler et al. 2020).

Till nowadays, few attempts were made in academic literature to map the FI, generally in India. The
research areas were presented by health, electronics, transportation, finance, IT/ICT, and energy sectors.
The research was focused firstly on developing economies and developed countries attracted the attention
only the last years (Winkler et al. 2020). Few is known about frugal innovation in developed countries.
However, authors Tatum & Russo (2020), Dangelo & Magnusson (2021), Santos et al. (2020) presented
collection of general data from the main research on frugal innovation using bibliometric analysis, this

provides general mapping of the domain. Thus, there is a need to map the knowledge, taking into account
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the raise of last research, as well as to conduct research that covers larger datasets with a qualitative
assessment of clusters and research trends with respect to the different variables, such as industry,
country, investigation methodology, research type, and most cited articles. To establish an empirical
connection between modern concepts of frugal innovation and stakeholders (the business community,
society, and the environment) to present a tool valuable in promoting innovative development in the
medium run and long-term run. Moreover, the relevance of the research is justified by the increasing
number of publications year by year.

Hence, at first, we focused on general exploration of frugal innovations via mapping them. Then we
found out the lack and almost absence of research in such suitable industries for frugal innovations as
agriculture, dairy farming, textile, this became a motivation for deeper analysis of these industries. Also,
we found that there is a need of deeper research for such essential industry as food retail in pandemic
times. Covid crises has affected the communities and business, thus the last one had to respond quickly,
one of the essential specially during pandemic is food retail and digital sectors. Hence there is a need to
identify the general trends of digital marketing of food retailers and the way their business model has
been transformed (Alnawas and al Khateeb 2022). This constructs the common unity of the thesis in a
logical manner, flowing from the general exploring the academic literature to the practical one focusing
on lacking industries.

Therefore, there is a need explore the ability of frugal innovation to solve social and economic problems
of society with a sustainable approach, since their increase during last time. Frugal innovations are called
to provide solutions for underserved customer (Hossain 2020), however their social, economic, and
sustainable values through organizational innovations and frugal innovative product were overlooked.
Thus, there is a need to study how frugal innovation contributes to the business and community.
Moreover, given the context of dairy farming and developed economy, it becomes more valuable since
the discourse about the requirement of sustainable production in the dairy farming sector increases,

whereas the affordability of resources reduces, FAO (2010) claims that dairy farming is responsible for
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the large contribution of CH4 and CO2 emissions, also often compromising the welfare of the animals
(Keeling et al. 2019). In the meantime, the uncertainty and low prices for milk along with increasing
operational expenses such as fuel, and feed push the business to operate under scarce resources even in
developed countries. Despite European governments try to support the dairy farming sector with
subsidies, and voluntary coupled support (VCS) (European Comission 2020), the business requires some
innovations which will respond to their requests. Frugal innovation considers limitation of resources as
opportunity, thus, there is a need to investigate how effective they are, serving the customers in developed
countries and to examine the frugal innovation in dairy farming in terms of milk production, economic
efficiency for a farmer, and ecological impact. There is a lack of research on frugal innovation in this
industry, a low-cost milking machine developed in India considered from the perspective of the
sustainable business model presented in studies of Hossain (2021) and empowering female
entrepreneurship in the dairy business and its driver for a market boost in Kenya mentioned in works of
Sydow & Funké (2021), we need to explore the way for the dairy farming to become more effective and
sustainable, and to develop methodological approach to assess the effectiveness of frugal innovation
management.

Therefore, the thematic unit object of analysis of the thesis is the relatively new business paradigm known
as frugal Innovation. This thesis, which is presented in the form of a compendium of articles, aims to
deepen knowledge and make contributions in the field of frugal innovation, conceptually as well as from
the point of view of a management tool for organizations.

We have started from theoretical review using research published during the decade logically flowing
into practical solutions in suitable conditions and required industries.

We introduce a brief mapping to the scope of this Thesis that comprises conceptual as empirical
approaches in several papers.

The first paper, "Frugal Innovation: Meta-Analysis of Bibliographic Relationships and Identification of

Research Trends for the Period 2010-2021," provides a broad overview of the research trends related to
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frugal innovation. It helps to establish a baseline understanding of the field and identify the key themes
that have emerged over the past decade. The second paper, "Ten years of frugal innovation: Bibliometric
and theoretical review," builds on the first paper by conducting a more in-depth analysis of the literature
on frugal innovation. It provides a theoretical framework for understanding frugal innovation and
identifies the key themes and concepts that have emerged in the literature. Thus, the above-mentioned
papers allowed us to create a universal definition of FI, identify the main research trends in frugal
innovation field, identify the industries, countries where frugal innovations are present, explore the
ability of frugal innovation to solve social and economic problems of society with sustainable approach.
Once, the research trends were identified, including industries, we found the lack in such suitable
industries as livestock, and textile. Also, our findings demonstrate the need of research in covid-19
constraints and food. Hence, the further papers focus on practical aspects, rather than in theoretical as
previous research papers. Thus, the third paper, "Frugal innovation in the textile industry, as a tool for
solving problems in the field of waste disposal and recycling,” focuses specifically on the textile industry
and how frugal innovation can be used to address issues related to waste disposal and recycling. It
provides a practical example of how frugal innovation can be applied in a specific industry and presents
the business model for solving problems in the field of waste disposal and recycling in terms of frugal
innovations. The fourth paper, "Frugal innovations and main trends of digital marketing in post-covid-
19 retail: Case Study of the leading Russian food chains,” explores the intersection of frugal innovation
and digital marketing in the retail industry. It provides insights into how frugal innovation can be used
to address the challenges facing retailers in the post-COVID-19 era. It defines the general trends of digital
marketing in food retail in context of frugal innovations during COVID crisis. The fifth paper, "Digital
transformation of business model of Russian food retailers during covid-19 pandemic through lens of
frugal innovation," further explores the role of frugal innovation in the retail industry, but with a focus

on how it can be used to drive digital transformation in the face of a pandemic. It identifies how food
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retailers’ business model has been transformed in terms of frugal innovation during pandemic. The next
papers focus on practical solutions in livestock.

The sixth and seventh papers, "Frugal innovations and implications, a single case study on dairy farming
from developed countries” and "Frugal innovation and economic performance of a dairy livestock farm,"
respectively, focus on the application of frugal innovation in the dairy farming industry. These papers
provide practical examples of how frugal innovation can be used to improve economic performance and
sustainability in the agriculture and livestock sector. They explore social, economic, and sustainable
values of FI, through organizational innovations and frugal innovative product. Identify how frugal
innovation contributes to the provider (business) and receiver of frugal innovations (farmers'
communities), serving underserved customers in developed countries in context of dairy farming. They
determine the results of frugal innovation introduction in dairy farming, diagnosing the effectiveness of
frugal innovation management in a livestock farm. Further, the papers examine the frugal innovation in
dairy farming in terms of milk production, economic efficiency for a farmer, and ecological impact.
Lastly, the research allows to form a methodological approach to assess the effectiveness of frugal
innovation management. Together, these papers provide a comprehensive and integrated view of frugal
innovation and its implications in various industries. They help to establish a theoretical framework for
understanding frugal innovation, provide practical examples of how it can be applied in specific
industries, and identify key trends and themes that are emerging in the field. Thus, this PhD thesis
developed with a global, integrated, and coherent vision of frugal innovation and its implications in

industries.

1.2. Theoretical Framework and Methodology

As we delve into the exploration of frugal innovations and their implications in industries, it is important

to contextualize the discussion within the broader framework of sustainable development. Sustainable
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development refers to the 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). The concept of sustainable development was first introduced in the Brundtland
Report, also known as "Our Common Future,” which was published by the World Commission on
Environment and Development in 1987. The report highlighted the need for a sustainable development
path that would ensure economic growth, social equity, and environmental protection (WCED, 1987).
Since then, sustainable development has become a central theme in global policy-making and business
practices. Sustainable development is a widely researched concept that has been the subject of numerous
studies in the academic literature. As noted by Lélé and Norgaard (2005), sustainable development
encompasses various dimensions, including environmental, social, and economic. The environmental
dimension of sustainable development emphasizes the need for protecting natural resources and
biodiversity, reducing greenhouse gas emissions, and mitigating climate change impacts (WBCSD,
2010). The social dimension of sustainable development focuses on reducing poverty, improving access
to education and healthcare, promoting gender equality, and protecting human rights (WCED, 1987).
The economic dimension of sustainable development emphasizes the need for economic growth that is
inclusive, equitable, and environmentally sustainable (UNEP, 2011).

According to Elkington (1997), sustainable development requires a triple bottom line approach that takes
into account economic, social, and environmental considerations. The concept of sustainable
development has evolved over time and has become an essential framework for addressing global
challenges (WCED, 1987). As noted by Geissdoerfer et al. (2017), the circular economy is an example
of a practical approach that can help achieve sustainable development by promoting resource efficiency
and reducing waste.

There are several frameworks and theories related to sustainable development, including the Sustainable
Development Goals (SDGs) adopted by the United Nations in 2015 (UN, 2015). The SDGs are a set of

17 interconnected goals that aim to end poverty, protect the planet, and ensure prosperity for all. The
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SDGs provide a comprehensive framework for sustainable development that covers all dimensions of

sustainability (UN, 2015).

Within the realm of sustainable development, there are other various economic paradigms that have
emerged over the years, including the sustainable economy, circular economy, green economy, and frugal
economy. The sustainable economy seeks to create an economic system that is sustainable in the long
term, by minimizing negative environmental and social impacts, while ensuring that economic growth
and development continue (Gibson-Graham, 2006).

Interconnections and Synergies

Sustainabile Economy and Circular Economy: Both models champion resource efficiency, including
product lifecycle management. However, while the former balances social, economic, and environmental
aspects, the latter emphasizes reducing material flow in the economy. Green Economy and Sustainabile
Economy: Both focus on environmental preservation, but the Green Economy can be seen as a subset of
the broader Sustainabile Economy. Frugal Economy and Circular Economy: Both advocate for resource
efficiency in product usage. Frugal Economy goes a step further by ensuring that innovations are
affordable and accessible (Wang & Li, 2023). Frugal Economy and Sustainabile Economy: Frugality can
be incorporated into sustainable economic models to reach goals with fewer resources, thereby increasing

overall efficiency (Fig. 1).
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Figure 1. Synergies and interconnections Source: Own contribution.

The sustainable economy is an economic system that aims to maximize social, economic, and
environmental well-being while minimizing negative impacts on the environment (Gibbs & Deutz,
2007). It recognizes the interdependence of economic, social, and environmental systems and advocates
for their harmonious functioning for long-term prosperity (WCED, 1987). The principles of sustainable
development underpin the sustainable economy and emphasize the need to use resources in a manner
that ensures their availability for future generations (I11SD, 2019). One of the fundamental aspects of the
sustainable economy is the use of renewable resources and energy. The promotion of renewable energy
sources such as solar, wind, and hydro power is seen as a way to reduce dependence on fossil fuels and

decrease greenhouse gas emissions (IPCC, 2018). The sustainable economy also advocates for the use
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of clean technologies and sustainable practices, such as green building design, sustainable agriculture,
and waste reduction (OECD, 2017). Social equity and inclusivity are also vital components of the
sustainable economy. The goal is to ensure that economic growth and development benefit all members
of society, including marginalized and vulnerable populations (UN, 2015). This can be achieved through
policies that promote fair labor practices, access to education and healthcare, and social safety nets (ILO,
2017). Overall, the sustainable economy is a vision for an economic system that supports long-term
prosperity, social equity, and environmental well-being. It requires a paradigm shift in the way we think
about economic growth and development and the way we use natural resources. Collaborative efforts
among businesses, governments, and individuals are crucial for implementing sustainable economic
practices to create a more sustainable future for all (UNEP, 2011).

The circular economy is closely linked to the sustainable economy and is an economic system that aims
to minimize waste and maximize the use of resources (Ellen MacArthur Foundation, 2019). It advocates
for strategies such as product design for longevity, resource recovery, and recycling to keep materials in
use for as long as possible. The circular economy aims to design out waste and pollution, keep products
and materials in use, and regenerate natural systems. It is an economic system that seeks to minimize
waste and maximize the use of resources by keeping materials in use for as long as possible (Ellen
MacArthur Foundation, 2021). In contrast to the traditional linear economy, which is based on a "take-
make-dispose” model, the circular economy is focused on creating closed-loop systems where materials
are continuously reused and repurposed (European Commission, 2020). There are several key principles
of the circular economy. These include designing products and services for longevity and reuse, using
renewable energy sources, and minimizing waste through strategies such as recycling and composting
(Bocken et al., 2016). The circular economy also emphasizes the importance of collaboration and
innovation across different sectors and industries to create more efficient and sustainable resource
management systems (Geissdoerfer et al., 2017). The benefits of the circular economy are numerous. By

reducing waste and increasing resource efficiency, it can help to mitigate environmental damage and

17



promote sustainable development (Kirchherr et al., 2017). It can also create economic opportunities and
jobs by promoting the growth of new industries and markets focused on the production and reuse of
goods and services (Ellen MacArthur Foundation, 2021). However, implementing a circular economy
requires a significant shift in the way that businesses and individuals approach resource management.
This shift requires changes in product design, supply chain management, and consumer behavior. It also
requires collaboration among stakeholders to create the necessary infrastructure and policies to support
circular systems (Bocken et al., 2016).

In recent years, there has been growing interest in the circular economy among businesses, governments,
and other organizations. Several initiatives and programs have been launched to promote circular
practices, including the Ellen MacArthur Foundation's Circular Economy 100 and the European Union's
Circular Economy Action Plan (Ellen MacArthur Foundation, 2021; European Commission, 2020).
Overall, the circular economy offers a promising vision for a more sustainable and efficient economic
system. Its principles align with the goals of sustainable development and provide a framework for
creating closed-loop systems that minimize waste and maximize the use of resources. However, realizing
the full potential of the circular economy will require continued innovation, collaboration, and

commitment from all stakeholders (Kirchherr et al., 2017).

The green economy is centered on sustainable development by incorporating environmental concerns
into economic decision-making processes, with the goal of ensuring economic growth while reducing
environmental degradation (United Nations Environment Programme, 2011). The green economy has
been defined by the United Nations Environment Programme (UNEP) as an economy that outcomes in
improved human well-being and social equity, while significantly decreasing environmental risks and
ecological scarcities (UNEP, 2011). This definition emphasizes the importance of integrating economic,
social, and environmental considerations in the pursuit of sustainable development. One of the key

features of the green economy is its focus on renewable energy sources, such as wind, solar, and hydro
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power (UNEP, 2011). By promoting the use of renewable energy, the green economy seeks to reduce
dependence on fossil fuels and decrease greenhouse gas emissions.

The green economy also promotes the use of sustainable practices in a wide range of sectors, including
agriculture, transportation, and construction (UNEP, 2011). For example, green agriculture practices can
reduce the use of harmful chemicals and promote soil health, while green transportation options such as
public transit and cycling can reduce carbon emissions and improve air quality.

The green economy also emphasizes the importance of creating jobs and economic opportunities in
sustainable industries (UNEP, 2011). This can include the development of new technologies and the
expansion of existing industries, such as renewable energy and sustainable construction.

Overall, the green economy represents a vision for a more sustainable and equitable economic system
that prioritizes environmental protection and human well-being. However, its implementation requires
significant changes in the way that businesses and governments approach economic development, as well
as strong collaboration among stakeholders to create the necessary infrastructure and policies to support
a green economy (UNEP, 2011).

Lastly, the frugal economy is characterized by a focus on creating products and services that are
affordable, accessible, and sustainable in limited conditions (Radjou et al., 2015).

The frugal economy is an economic system that is based on the principles of simplicity, affordability,
and sustainability (Prahalad & Mashelkar, 2010). It is an approach to economic development that aims
to create products and services that are accessible to low-income populations while also promoting
sustainable practices (Zeschky, Widenmayer, & Gassmann, 2011). In contrast to traditional approaches
to economic development, which often rely on resource-intensive and costly solutions, the frugal
economy seeks to identify simple and affordable solutions that can be adapted to local contexts
(Govindarajan & Trimble, 2012).

The frugal economy encourages the development of products and services that are designed to be low-

cost, resource-efficient, and environmentally sustainable (Zeschky et al., 2011).
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Frugal economy recognizes the importance of balancing economic, social, and environmental factors in
economic development. It seeks to create economic growth that benefits all members of society,
including marginalized and vulnerable populations, while also promoting sustainable resource use and
environmental protection (Choudhary et al., 2020). Overall, the frugal economy offers a unique
perspective on economic development that prioritizes simplicity, affordability, and sustainability. Its
focus on innovation and adaptability makes it a promising approach for creating economic growth that
is inclusive and sustainable.

One of the key features of the frugal economy is its emphasis on innovation (Choudhary, Jain, & Shankar,
2020). Innovation has also emerged as a key concept in the field of sustainable development. Innovations
refer to new products, processes, services, and business models that are designed to meet a particular
need or solve a particular problem (Schumpeter, 1934). Innovations can be classified into various types,
including product innovations, process innovations, organizational innovations, and marketing
innovations (Garcia-Muifa et al., 2015). Frugal innovation is a phenomenon that emerged in the context
of emerging markets, where scarcity of resources and infrastructure limitations created a necessity to
develop new products and services that are affordable, functional, and sustainable. Frugal innovation is
a term that has gained significant attention in recent years, as it has been seen as an approach that can
help address some of the challenges associated with sustainable development and inclusive growth
(Bhatti et al., 2020).

Frugal innovations are innovations that designed to meet the needs of consumers in resource-constrained
environments (Radjou et al., 2015). The concept of FI originated as one of the win-win solutions for the
mutual benefit of business communities, society, and the environment. In this context, innovation efforts
require frugal thinking and aim to help local businesses and communities to cope with the short-term
impacts of a global pandemic. Innovation efforts can have long-term consequences that increase the

resilience of business, society, and the environment (Khan et al. 2017, 2021; Yu and Khan, 2021). In
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order that local innovators may use resources within reach frugally and rationally, one has to scan the
current literature on the given problem and provide useful insights.

The concept of FI often overlaps with Jugaad innovation, bottom-of-the-pyramid (BoP) innovation,
reverse innovation, disruptive innovation, and inclusive innovation. They have the common core
elements like affordability, social or sustainable orientation and resource constraints. Jugaad refers to
local solution, bottom-of-the-pyramid (BoP) — satisfaction of customers which live under poverty,
reverse innovation — inexpensive solutions which were initially successfully introduced in developing
countries and then in developed ones, and disruptive innovation — providing new values and overtaking
an existing market (Dudakt et al. 2021; Prabhu and Jain, 2015; Radjou and Prabhu, 2014). Furthermore,
the concept of inclusive innovation is closely related to frugal innovations. Inclusive innovations are
innovations that are designed to ensure that everyone, including marginalized or resource constrained
groups, has access to the benefits of innovation (Prabhu et al., 2014). This is achieved by ensuring that
the needs of diverse populations are taken into account during the innovation process, and by designing
products and services that are accessible and affordable to all (West et al., 2014). Hence, it makes the
academic knowledge of FI blurred. FI can be seen also as redesigning products and processes to decline
needless expenses (Wooldridge, 2010). Moreover, Fl is focused on generating non-complex, sustainable
solutions, including products, processes, and business models, using fewer resources that are harmless
for the environment (Gupta and Wang, 2009). In recent years, authors have emphasised the role of Fl in
the achievement of sustainable development goals (SDGs). Khan (2016) claims that it is possible to reach
social sustainability goals via the application of FI and that it is customary to equate frugality with
sustainability. It is noteworthy that the key challenges of sustainable development lie in the plane of
compromises between its distinct but interconnected dimensions (i.e., social, economic, and
environmental) (Khan et al. 2020, 2021; Song et al. 2021). For example, it is impossible to achieve a
good quality of life without having sufficient economic resources to meet the actual needs of a person.

One cannot have good health while living in an ecologically polluted area (Khan et al. 2020a, 2020b;
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Nathaniel and Khan, 2020). During a pandemic, social welfare cannot be sustained without basic personal
protective equipment (disinfectants) and distribution centre support (safe transport) (Yu and Khan, 2021).
Therefore, it can be stated that FI aims at meeting the basic needs of the population (e.g., health,
education, and production of goods and services) during the health crisis period to enhance the quality
of life of the population through a profit-focused innovative approach. Other authors attempted to
distinguish FI from other types of innovation. In doing so, they used two distinct approaches. While some
authors focused on classifying FI based on concepts and frameworks, others examined the rules and
principles of FI to establish differences between frugal and other types of innovations. The first category
of scholars encompasses the following researchers. Cunha et al. (2014) focused on scarcity. Brem and
Wolfram (2014) concentrated on sustainability and sophistication in developing countries. Zeschky et al.
(2014) focused on the technical and market novelty of the innovations. Ostraszewska and Tylec (2015)
considered FI from a similar perspective. According to Soni and Krishnan (2014), FI is a mentality or
lifestyle, a process, and an outcome at the same time. Basu et al. (2013) analysed FI from multiple
perspectives, such as a driver, process, location, and core capabilities. The second category of scholars
is represented by the following authors. Kumar (2008) classified six principles of Fl to establish a source
of benefits to entrepreneurship, as well as entrepreneurship trends, patterns, and consequences. These
principles are robustness, portability, de-featuring, leapfrog technology, mega-scale production, and
service ecosystems. Khan et al. (2017, 2019) found that the most significant factor affecting the
company’s efficiency is the presence of a green information system. Radjou and Prabhu (2014) identified
six principles as well, engage and iterate; flex assets; create sustainable solutions; shape customer
behaviour; co-create value with prosumers, and make innovative friends.

To put it straight, Zeschky et al. (2014) and Ostraszewska and Tylec (2015) established a novelty
criterion. Basu et al. (2013) along with Prahalad and Mashelkar (2010) focused on customer needs.
Studies (Brem and Wolfram, 2014), (Basu et al. 2013) highlighted the existence of emerging markets as

a feature of FI. Basu et al. (2013) and Kumar and Puranam (2012) described FI as robust, lightweight,
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and simple. Studies (Radjou and Parbhu, 2014) and (Brem and Wolfram, 2014) reported sustainability
as an inherent characteristic of FI, while Kumar (2008) was focused more on service ecosystems as a
related component of sustainability. Studies from Radjou and Prabhu (2014), Prahalad and Mashelkar
(2010), and Hossain (2017) were all about creating and sourcing new capabilities, as well as flexing the
assets. Winkler et al. (2020) note that research on FI was focused on emerging market economies and
developing countries, but recently there has been a shift towards developed countries.

Summarising the above-mentioned FI is a type of innovation that refers to the creation, development,
and implementation of a sustainable, efficient, affordable, functional solution without compromising the
quality, it may include processes, services or products which meets the needs of scarce-resource
customers.

In conclusion, frugal innovations have emerged as an important aspect of sustainable development,
particularly in the context of addressing the needs of low-income or resource constrained communities.
Thus, frugal innovations can take many forms, from simple technologies such as the Jaipur foot
prosthesis (Govindarajan & Trimble, 2012) to complex systems such as microfinance (Zeschky et al.,
2011). What these innovations have in common is their focus on simplicity, affordability, and
sustainability. They are designed to meet the needs of low-income populations in resource-constrained
environments (Prahalad & Mashelkar, 2010).

Hence, frugal innovations are characterized by their ability to create more value with fewer resources
and have the potential to transform the way businesses operate and deliver products and services. In this
section, we will provide examples of frugal innovations from different industries to illustrate how this

approach has been implemented in practice.

One example of frugal innovation comes from the automobile industry. In 2012, Tata Motors, an Indian
automobile company, launched the Tata Nano, a low-cost car that was specifically designed for the Indian

market. The car was priced at approximately $2,000, making it one of the most affordable cars in the
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world (Radjou et al., 2012). The Tata Nano was developed using frugal innovation principles, with the
goal of reducing costs while maintaining quality and safety standards. The car's design and manufacturing
process were simplified to reduce the number of components and minimize the use of expensive
materials. The result was a car that was affordable, fuel-efficient, and met the needs of a large segment

of the Indian population.

Another example of frugal innovation comes from the healthcare industry. In 2011, GE Healthcare
launched the MAC 400, a portable electrocardiogram (ECG) machine that was designed for use in rural
and remote areas of India. The machine was developed using frugal innovation principles, with the goal
of reducing costs while maintaining diagnostic accuracy and reliability (Cunningham et al., 2013). The
MAC 400 was designed to be portable and easy to use, with simplified features that allowed healthcare
workers to quickly diagnose and treat patients. The machine was also priced significantly lower than
traditional ECG machines, making it accessible to healthcare providers in resource-constrained

environments.

A third example of frugal innovation comes from the consumer goods industry. Procter & Gamble, a
multinational consumer goods company, developed a low-cost water purification sachet called P&G
Purifier of Water. The sachet contains a powder that can purify 10 liters of water, making it safe for
drinking and other uses (Liu et al., 2014). The sachet was developed using frugal innovation principles,
with the goal of providing an affordable and accessible solution for water purification in developing
countries. The sachet has been distributed in over 100 countries, and it has been estimated that it has

provided clean water to over 10 million people.

These examples illustrate how frugal innovation can be applied in different industries and contexts to

create value in a way that is socially and environmentally responsible. Frugal innovations can help
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address some of the challenges associated with sustainable development and inclusive growth by
providing affordable and accessible solutions to underserved populations. These examples highlight the
potential of frugal innovation to transform the way businesses operate and deliver products and services,
and they provide insights into how this approach can be implemented in practice.

Frugal innovations can be found in a variety of industries, but they are most commonly associated with
industries that serve low-income or resource-constrained populations (Bhatti et al., 2018). Examples of
such industries include healthcare, IT, transportation, and energy (Kaplinsky & Morris, 2016). In the
healthcare industry, frugal innovations may involve the development of low-cost medical devices or the
use of mobile technology to deliver healthcare services to remote areas (Hartung et al., 2013). In IT,
frugal innovations may involve the development of low-cost, efficient irrigation systems or the use of
mobile technology to provide farmers with access to market information (Eisenhardt et al., 2019). In the
transportation industry, frugal innovations may involve the development of low-cost, fuel-efficient
vehicles or the use of shared transportation systems (Cohen & Vehbi, 2017). In the energy industry,
frugal innovations may involve the development of low-cost, renewable energy technologies or the use
of energy-efficient appliances (Sauvé & Bernard, 2016). Overall, frugal innovations can be found in any
industry where there is a need for affordable and accessible solutions that can improve the lives of low-
income or resource-constrained populations (Bhatti et al., 2018). It has been discussed as a core
characteristic in sustainable practices (Velananda et al., 2023). Measuring its capabilities has also been
explored (Rossetto et al., 2023). These innovations are not just beneficial in urban settings, but also for
sustainable development (Hossain et al., 2023). In fact, frugal innovation can be a source of sustainable
entrepreneurship to address social and environmental issues (Shahid et al., 2023). It has applications in
the service industry as well, particularly in knowledge integration and entrepreneurial firms (Wang & Li,
2023).

Thus, the papers listed above all contribute to the overall exploration of frugal innovations and their

implications in industries.
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Methodology:

Regarding how the research has been approached, that is, the methodology, various methodologies have
been used for achieving the proposed objectives. Our research includes quantitative and qualitative
methods in order to gain the objectives. Regarding the first objective, we have conducted a literature
review on frugal innovations to address the current state of the academic literature, implementing
bibliometric techniques along with a content analysis. Since literature review is relatively subjective, the
bibliometric analysis provides more objective and reliable results (Broadus, 1987; Hood and Wilson,
2001). Moreover, we complemented with other research method, such as meta-analysis. Bibliometric
analysis as a quantitative method allowed us to explore bibliographic material and patterns of
publications. It permitted us to present a comprehensive overview of the research trends in frugal
innovation domain. Precisely, we conduct a performance analysis and present the scientific mapping
analysis that allows determining the main research trends in the domain. These analyses are accompanied
with a comprehensive reading of certain publications reflected in the mapping analysis.

Our study proposes a methodological approach to define the level of penetration of a frugal innovation
into the subject areas of scientific research based on the Shannon-Wiener Index. Its value presented in
the form of the frugal innovation penetration index in the research domain. We conducted the correlation
analysis based on the number of articles implementing the R programming language to identify the
connection between the publications made with frugal innovation in the various subject areas. Regression
modelling was also carried out in a meta-analysis of the bibliographical coupling in the context of the
subject areas. Therefore, the combination of above-mentioned methods allowed us to we attain a
complete overview of the academic literature on the frugal innovation. In paper Frugal innovation in the
textile industry, as a tool for solving problems in the field of waste disposal and recycling, the literature
review complemented with cases, was proposed in order to form the conceptual model.

In following papers, for achieving the other objectives proposed, we apply a case study method which

allows to explore diverse perspectives and reveal relationship between the complex layers of our
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research. The case study permits to analyze various systems, by means of one or several methods Thomas
(2011). It explores a real-life, system (case) during a period, through in-depth data collection using
diverse data sources, it presents case description and case themes (Creswell 2014). It allows to get the
comprehensive results from the deep exploration of the subject and to obtain the conclusion from the
retrieved data, and explain the situation better (Lindgreen, di Benedetto, and Beverland 2021; Alam
2021). The last two papers appeared from our collaboration with Greek companies and livestock, which
allow us to complement the research. Thus, we have conducted an experiment using as example one of
the frugal innovations, implementing regression analysis to identify key factors for improving innovation
management efficiency and predictive modeling of the resulting indicators of a dairy farm. We proposed
methodological approach for assessing the effectiveness of frugal innovation management on a dairy
farm based on key indicators: socio-environmental, economic, and farm efficiency. This contributed to

the formation of the scientific hypotheses.

1.3. Objectives and Structure of the Study

Regarding the above-mentioned arguments and the need for analysis of the frugal innovation, the main
objective of this doctoral thesis is to explore frugal innovations and their implications in industries.
Hence, the following objectives are established within this contribution to the literature (from general to
more specific):

Observing that frugal innovation has attracted attention as a new field of research:

1. Create a universal definition of FI.
2. Identify the main research trends in frugal innovation field.

3. Identify the industries, countries where frugal innovations are present.
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Given that frugal innovation tackles the social issues:

4. Explore the ability of frugal innovation to solve social and economic problems of society with a

sustainable approach.

5. Present the business model for solving problems in the field of waste disposal and recycling in

terms of frugal innovations.

6. Define the general trends of digital marketing in food retail in context of frugal innovations during

COVID crisis.

7. ldentify how food retailers’ business model has been transformed in terms of frugal innovation

during pandemic.

8. Explore social, economic, and sustainable values of FI, through organizational innovations and

frugal innovative product.

Given that dairy farming requires sustainable and effective solutions:

9. Identify how frugal innovation contributes to the provider (business) and receiver of frugal
innovations (farmers' communities), serving underserved customers in developed countries in

context of dairy farming.

10. Determine the results of frugal innovation introduction in dairy farming.

11. Diagnose the effectiveness of frugal innovation management in a livestock farm.

12. Examine the frugal innovation in dairy farming in terms of milk production, economic efficiency

for a farmer, and ecological impact.
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13. Form a methodological approach to assess the effectiveness of frugal innovation management.

The published or accepted publications section (Chapter 3) gathers the general and specific objectives

(hypothesis, if any) proposed in each particular publication.

The thesis encompasses three chapters (see Figure 1.1. Structure of the Doctoral Thesis). The first one,
Chapter 1. Introduction, includes the motivation of the thesis and the justification of the thematic unit.
The theoretical framework that serves as the basis for this research and objectives within this contribution
are enunciated as well. This chapter also serves to introduce the identification, summary and discussion
of the main results obtained in the papers that make up the compendium of papers of this thesis. At the
end the references used in this chapter are listed. After the introductory chapter, follows the chapter with
conclusions, Chapter 2. In this chapter, the objectives stated in section 1.3. of Chapter 1 (objectives and
structure of the study) are combined with the outcomes obtained with the development of the different
papers that make up the compendium of articles. The third one, Chapter 3, published or accepted
publications, consists of publications “Frugal Innovation: Meta-Analysis of Bibliographic Relationships
and ldentification of Research Trends for the Period 2010-2021", “Ten years of frugal innovation:
Bibliometric and theoretical review”, “Frugal innovation in the textile industry, as a tool for solving
problems in the field of waste disposal and recycling”, “Frugal innovations and main trends of digital
marketing in post-covid-19 retail: Case Study of the leading Russian food chains”, “Digital
transformation of business model of Russian food retailers during covid-19 pandemic through lens of
frugal innovation”, “Frugal innovations and implications, a single case study on dairy farming from
developed countries”, “Frugal innovation and economic performance of a dairy livestock farm” . The

bibliographic references used are presented at the end of each publication.
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Figure 1.1. Structure of the Doctoral Thesis

Chapter 1
Introduction

Chapter 2
Conclusions

Chapter 3
Published or accepted
publications
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theoretical review

Frugal innovation in the textile
industry, as a tool for solving
problems in the field of waste
disposal and recycling

Frugal innovations and main trends
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19 retail: Case Study of the leading
Russian food chains

Digital transformation of business
model of Russian food retailers
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Frugal innovations
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and Frugal innovation and economic
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1.4. lIdentification of the papers that make up the compendium of papers, followed
by their summary and, where appropriate, discussion of their outcomes.

Firstly, we identify the papers we include in full version in the published or accepted publications section
(title, journal, main indicators, journal characteristics and our contribution to the journal). Secondly,
summary and outcomes from each paper/contribution are mentioned in order to know the different
contributions to the literature.

Our thesis gave rise to the following research (see Chapter 3, published or accepted publications, to
access the full papers):

1. Paper Frugal Innovation: Meta-Analysis of Bibliographic Relationships and Identification of
Research Trends for the Period 2010-2021. This paper is already published in a high impact
journal, IEEE Transactions on Engineering Management, 1-15.
doi:10.1109/TEM.2022.3169288., Print ISSN: 0018-9391; Electronic ISSN: 1558-0040; Date of
Publication: 04 May 2022; Scopus Q1; H-index -97; SJR-0,88; CiteScore 2020 - 4.3; SNIP 2020
- 1.255; CiteScoreTracker 2021-6.2; Impact Score-3.55. IEEE Transactions on Engineering
Management is an international peer reviewed journal including review and original research
works focused on the management of technical functions such as R&D and engineering in
industry, government, university, etc. around the globe. It aims to facilitate in decision making in
management, policy formation for research, development, and engineering. Our paper is a critical
review article based on a bibliographic analysis of research papers carried out on quantitative
studies complemented with content analysis that systematizes the knowledge about frugal
innovation and trace the research activity in the domain. It provides frugal innovations penetration
index for the subject areas of publications and meta-analysis of the level of frugal innovations

penetration into the subject areas of scientific research. Correlation analysis and regression
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modelling identified the most influential areas for the development of frugal innovation research,
among them Engineering and Decision Sciences. Thus, our research contributes to the journal and
the academic world, illustrating the presence of frugal innovations into the specific domain and
their absence that provides a future research path. Moreover, the research presents a lot of practical
solutions and conceptual works, which could be useful for scholars to orientate into research fields.
It shows potential ability of frugal innovations, their real necessity for business and society, and
identify the potential markets in terms of industries and countries. Since the paper implies a
universal approach, it could be used in decision making or policy formation for research,

development, and engineering.

Melnikova, L., & Gilsanz, A. (2022). Frugal Innovation: Meta-Analysis of Bibliographic
Relationships and Identification of Research Trends for the Period 2010-2021. IEEE

Transactions on Engineering Management, pp. 1-15.

2. Paper Ten years of frugal innovation: Bibliometric and theoretical review published in Astra
Salvensis, Scopus Q1, H-INDEX-12; ISSN 23441887, 23934727; SIR-0,22; Impact Score: 0.35;
CiteScore 2020-1.6; CiteScoreTracker 2021-1.4; SNIP 2020-0.416; https://astrasalvensis.eu/astra-
salvensis-1-2022/. Astra Salvensis it is a double-blind peer-reviewed, open access journal edited
by “Transylvanian Association for Romanian Literature and Culture of Romanian People —
ASTRA, Nasaud Department, Salva Circle” which covers a large range of research topics. It is a
multidisciplinary journal which publishes review and original research, focused on socio-
humanistic areas, including management and decision making. Since it covers areas of any
discussions from socio-humanistic and management areas our paper as a critical literature review
based on bibliometric analysis complemented by content analysis contributes to the scope of

journal providing additional information on frugal innovation research activity during the decade.
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Melnikova, L., Gilsanz, A., & Leticia Preciado Ortiz, C. (2022). Ten years of frugal innovation:

bibliometric and theoretical review. Astra Salvensis, 10(1).

3.

Paper Frugal innovation in the textile industry, as a tool for solving problems in the field of
waste disposal and recycling published in Izvestiya Vysshikh Uchebnykh Zavedenii, Seriya
Teknologiya Tekstil'noi Promyshlennosti (Textile Industry Technology); DOI 10.47367/0021-
3497 2021 2 17; Date of Publication: 2021; Scopus Q4 (paper submitted in 2020 when the
journal was Scopus Q3); H-INDEX 19; SJR 2020-0.199; CiteScore 2020- 0.4; SNIP 2020-1.058;
CiteScoreTracker 2021-0.3. The journal focuses on problems of development of the textile
industry. In particular, it publishes articles with applied and theoretical approaches, reviews and
original papers of scientific novelty, which are the results of completed research of a problematic
or scientific-practical nature and related to the technology and organization of textile production,
management in textile industry, decision making, textile engineering and materials science,
automation of technological processes, economics, energy, ecology. One of the journal’s sections
is dedicated to the management science. The journal provides ample opportunities for scientific
discussions and the exchange of professional experience in the field of textile management,
production and related areas. Thus, our research proposes theoretical model based on frugal
innovation in management of textile industry which can be implemented for waste disposal and
recycling. The proposed theoretical model based on frugal innovation in management of the textile
industry can be of significant value in reducing waste and improving the sustainability of textile
production. This model can be tested and validated through empirical research and can provide a
framework for textile industry managers to implement more sustainable practices in their

operations.
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Melnikova, L. N. (2021). Frugal innovation in the textile industry, as a tool for solving problems in
the field of waste disposal and recycling. Textile Industry Technology, 2(393), 17-22.

https://doi.org/10.47367/0021-3497_2021 2 17

4. Paper Frugal innovations and main trends of digital marketing in post-covid-19 retail: case
study of the leading Russian food chains is a conference paper, Conference “Global challenges
of digital transformation of markets (gdtm-2021) ” accepted for publishing MDPI-NOVA in 2022;
Scopus cite score-3.8. The conference was held in 2021, it covers empirical and theoretical
research on digital transformation of global markets and the problems of digitalization of business
processes, taking into account COVID-19. It tackles the quality of living, new human-centered
technologies in Industry 4.0., effective management, including in industry, and knowledge
economy. Therefore, one of the conference sections is dedicated to the management science and
innovations. Hence, our paper contributes to the conference via presenting the analysis of food
retailers’ business model transformation, via digital marketing practices through prism of frugal

innovation.

5. Paper Digital transformation of business model of Russian food retailers during covid-19
pandemic through lens of frugal innovation is a conference paper, Conference “Global
challenges of digital transformation of markets (gdtm-2021) ” also accepted for publishing MDPI-
NOVA in 2022; Scopus cite score-3.8, it includes wide range of publications from practical and
theoretical prospections, where digital component is the common core from the perspective of
management science. The conference comprises papers from real sector of economy and academic
works as well. It covers areas of management such as functional management, human-centered
technologies, marketing strategies, industrial management, life quality, methodology and best

practices in economics. Our paper contributes to the above-mentioned conference since it analyzes
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the digital transformation of food retailers’ business model in terms of frugal innovations where

exogenous driver considered as pandemic of COVID-19.

Paper Frugal innovations and implications, a single case study on dairy farming from
developed countries is an original research article currently is under review in Technology in
Society; Scopus Q1; H-INDEX-58; ISSN 0160791X; SJR 2021-1.138; Impact score-7.82, it is an
international journal peer reviewed journal aimed at transformation in technology, society,
business, management, and philosophy. It publishes wide range of research works from theoretical
approaches to applied one including management, decision making, business innovation and
technology management; and development perspective approaches, it includes review and original
research articles, where the common thread is the technology in economics, politics, and culture.
The journal publishes a lot of works in field of frugal innovation. Presenting a case study of frugal
innovation that reveals various aspects of benefits such as sustainability, social, and economic
performance through lens of organizational innovations and frugal innovative product our research
contributes to the scope of the journal exploring social, economic, and sustainable values of frugal

innovation.

Paper Frugal innovation and economic performance of a dairy livestock farm is an original
research article which is published in Polish journal of environmental studiesissn:1230-1485,
Scopus Q2, percentile 55 (General Environmental Science) WOS Science Citation Index
Expanded,Q2, IF 1.871. It is an international, transdisciplinary journal publishes original research,
technical notes, book reviews, and conference reports aimed at cleaner production, environmental,
and sustainability research and practice, the journal devoted to innovations in terms of
sustainability and environment, including frugal innovations from theoretical and practical
perspectives including applied, empirical and review research. One of the journal’s sections is

dedicated to the management science, decision making and innovations. The main topics of the

36



journals are cleaner production and technical processes, sustainable development and
sustainability, sustainable consumption; environmental and sustainability assessment;
sustainable products and services; corporate sustainability and corporate social responsibility;
education for sustainable development; governance, legislation, and policy for sustainability. Our
study contributes to the journal from the management perspective examining the frugal innovation
in dairy farming in terms of milk production, economic efficiency for a farmer, and ecological
impact. We propose the methodological approach to estimate the effectiveness of frugal
innovation management. The research methodology is based on testing the effectiveness of
polysaccharide regulatory complex, a supplementary compound feed, in dairy cattle breeding, the
proposed integral indicator of frugal innovation management effectiveness and regression analysis
of the factors that create its level. Hence, we aim to explore the complex nature of frugal
innovation and the need for its effective implementation, that goes beyond the purely economic
benefits and takes into account socio-environmental and direct farming effects of operation for

cleaner production and sustainability in the end.

The first publication included in the published or accepted publications, Paper Frugal Innovation: Meta-

Analysis of Bibliographic Relationships and Identification of Research Trends for the Period 2010-2021,

is focused on review of academic research articles on frugal innovation. Firstly, we conducted the initial

search of the documents using Elsevier’s Scopus database, including all documents on frugal innovation,

the final dataset of the review is based on 357 publications published between 2010 and May 08, 2021.

We have systematized the knowledge about frugal innovation based on bibliographic analysis, which

allowed us to gain a complete picture of the current academic literature in the frugal innovations. Along

with the bibliometric techniques, we applied content analysis of clusters, which provide us information

about phenomena, and the features of research on frugal innovations according to industry, method and
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type of research, and country focus. Also, we provided meta-analysis and systematic literature review of
the level of frugal innovations penetration into the subject areas of research domain. Thus, we enabled
to recognize the key research trends covered so far and explore the main findings, and possible research

trends for future research paths.

The second of the publications included in the published or accepted publications, Paper Ten years of
frugal innovation: Bibliometric and theoretical review, is the extension of the previous one, and it
complements it providing additional information on frugal innovation research activity. Due to the
interest of researchers for the frugal innovation domain, and a lack of systemized knowledge, we
conducted a study that focuses on analysis of prior research. It aims to provide bibliometric analysis with
theoretical review based on data from 238 publications published since 2010 till 2019. Along with
bibliographic techniques we provided content analysis of top-cited articles on frugal innovation. Thus,
we organized and synthesized 47 papers according to the sector (industry) focus, type/ method of
research, country focus, and focus of research. Therefore, we assessed the development of prior research

and applied the main findings to trace the future research.

The following one, the third article, Frugal innovation in the textile industry, as a tool for solving
problems in the field of waste disposal and recycling, serves to make a theoretical model proposal based
on frugal innovation in a specific context, the context of the textile industry. During the last decade the
implementation of frugal innovations is raising in different industries. Due to its characteristics frugal
innovations are essential for textile industry, however the research on this domain is not presented enough
in the academic literature. Thus, our research aims to provide a conceptual model that tackles the problem
of waste management and recycling in the textile industry. In our research we provide a business model
for achieving social, environmental and economic effects, which could be used terms of Sustainable

Development Goals.
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In addition, the fourth paper included in the published or accepted publications, Conference paper Frugal
innovations and main trends of digital marketing in post-covid-19 retail: Case Study of the leading
Russian food chains, focuses on research in another specific context of food retailers in a certain country,
Russia. COVID-19 pandemic caused significant constraints and hence, changes of strategies in different
industries. This paper focused on the investigation of the key changes in digital marketing strategies used
by Russian food retailers for interconnection with customers during COVID-19 pandemic. Our research
focused on digital marketing practices through lens of frugal innovations during the pandemic period of
top five retailers adopting an abductive case study analysis approach. Our study reflects the results of the
leading Russian food chains (top-5 retailers) based on the secondary data, including quantitative and
qualitative surveys conducted by consulting companies (McKinsey, Nielsen, PwC, EIB, RAEC); online
resources retail; including expert assessments, trends; review of articles. The common trends of digital
marketing in retail in context of COVID crisis are revealed and presented as follows: customer centricity
(customization and identification of customer needs, co-creation (involvement of customers into
process), omnichannel (better communication with client), customer interaction (customization) and
business diversification. Based on provided information we offer recommendations to managers on an
effective digital marketing approach to increase customers’ purchase intentions through frugal innovation

lens.

Next, Conference paper Digital transformation of business model of Russian food retailers during covid-
19 pandemic through lens of frugal innovation aims to analyze the transformation of Russian food
retailers’ business model (BM) through perception of digital frugal innovations. Our research considers
digital transformation of the BM due to an exogenous driver, i.e., pandemic of COVID-19. The analysis
is conducted on the basis of the Osterwalder-Pigneur template. The results show that the aim of customer
satisfaction prevails in the most of the key retailers. They try achieve it through collaboration and

involvement of the partners; organizational velocity which aims to change the business processes,
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products and services; digital transformation that aims at increase of productivity, cost reduction, increase
of sales, and market share; business diversification, which includes focus on new products, services,
customer involvement, new markets, changing the business model, meanwhile the most important trends

are omnichannel and customer interaction.

In paper Frugal innovations and implications, a single case study on dairy farming from developed
countries, frugal innovation is presented as an affordable, effective, uncomplex, sustainable innovation
for unserved customers in limited constraints, it can encompass product, service, or business model.
Series of crises including food, energy, and finance caused constraints in dairy farming. Despite of the
wide spread of research on frugal innovations, there is a near dearth in dairy farming industry. Dairy
farming is one of the industries which requires the presence of the above-mentioned solutions. Therefore,
this study analyzes the impact of frugal innovation on the dairy farm's economic performance and how
it benefits the seller and the dairy farm in developed countries. It reveals various aspects of benefits such
as sustainability, social, and economic performance through lens of organizational innovations and frugal
innovative product. This paper examines how frugal innovation contributes to its the provider and
receiver. It explores social, economic, and sustainable values of frugal innovation. This study
demonstrates that FI benefits to the customer (dairy farmer) improving milk yields and welfare, and
reducing costs (vet and feed), finally increasing the profitability. Therefore, it shows how frugal

innovation serves underserved customers in developed countries, using a case study from dairy farming.

Regarding to the seventh contribution, Frugal innovation and economic performance of a dairy livestock
farm, this study is the extension of the prior research, it complements the research on the subject of frugal
innovations and their impact. Our study targets to examinate the frugal innovation in dairy farming in
terms of milk production, economic efficiency for a farmer, and ecological impact. The study focuses on

creating a methodological approach to estimate the effectiveness of frugal innovation management. The
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research methodology is based on testing the effectiveness of polysaccharide regulatory complex, a
supplementary compound feed, in dairy cattle breeding, the proposed integral indicator of frugal
innovation management effectiveness and regression analysis of the factors that create its level. The
research aims to explore the complex nature of frugal innovation and the need for its effective
implementation, that goes beyond the purely economic benefits and takes into account socio-
environmental and direct farming effects of operation. The research examines the way for the dairy
farming to become more effective and sustainable.

The collective contribution of these papers to society centers on the evolving importance and application
of frugal innovation across various sectors and geographies. These works not only provide a theoretical
grounding in the concept but also present empirical studies that reveal its real-world implications. By
focusing on diverse areas such as textile waste management, digital marketing trends in food retail, and
even dairy farming, these papers illustrate the versatility and broad applicability of frugal innovation. At
the core, they all share the imperative of doing more with less, a philosophy increasingly essential in a
resource-constrained world. This resonates strongly with sustainability goals and the need for efficient

use of resources, aligning with societal shifts towards responsible consumption and production.

In summary, these papers together elevate frugal innovation from a cost-cutting tactic to a strategic
approach that intersects with sustainability, digital transformation, and economic resilience. Therefore,
their combined societal contribution lies in offering both a conceptual understanding and practical
roadmap for businesses, policymakers, and stakeholders committed to sustainable and responsible

growth.

For more deep analysis and data about the listed contributions published or accepted publications section

can be checked, in Chapter 3.
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Chapter 2 Conclusions

The present section serves to summarize scope, principal findings, conclusions, and limitations that have

emerged from this study.

The aim of this doctoral thesis is to provide a comprehensive review of frugal innovation, a relatively
new concept that is still under discussion in the scientific community during the decade, and their
implications in particular industries which are suitable for frugal innovations and were not presented
enough in research field. The thesis includes two interconnected review papers, Frugal Innovation: Meta-
Analysis of Bibliographic Relationships and Identification of Research Trends for the Period 2010-2021
and Ten years of frugal innovation: Bibliometric and theoretical review which cover the research activity
during the last decade. The main objectives of the research are to create a universal definition of frugal
innovation and to identify the main research trends. The study aims to map frugal innovation in various
subject areas and identify the industries, methods, type of paper, and countries where frugal innovation

is present, meanwhile identifying the gaps for future research.

The scope of the studies is limited to few numbers of research papers and novelty in this field, subjective
attitude towards the choice of publications, bias associated with the selection of words to denote FI, usage
of only Scopus database, and articles published only in English, moreover we focused on just four
categorisation criteria. This may be an important factor when interpreting the results of this study. Once
the gaps of the research field were identified, including industries and countries, the research was
conducted based on lacking and suitable for frugal innovations fields. Regarding the paper Frugal
innovation in the textile industry, as a tool for solving problems in the field of waste disposal and
recycling, the scope of research covers only one industry, it is limited to lack of prior research on the
subject, limited access to the interviewees and objects of research, lack of available and reliable data for

our study, thus we used the secondary data to provide conceptual deliveries. Regarding research Frugal
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innovations and main trends of digital marketing in post-covid-19 retail: Case Study of the leading
Russian food chains, and Digital transformation of business model of Russian food retailers during
covid-19 pandemic through lens of frugal innovations, the main limitations are geographical constraint
since the scope covers only Russia and based on secondary data, lack of prior studies, also it reflects the
results only of top-5 retailers. The scope of last two papers is limited to only one case, in geographical
locations particularly Greece, small sample sizes, short testing periods, focusing only on one industry,
and malfunctions with feed equipment. Overall, the findings of the research suggest that frugal
innovation has significant potential for contributing to sustainable development goals in various

industries.

The first two papers are review papers which are interconnected, and present as one is an extension of another
one. Thus, in the papers “Frugal Innovation: Meta-Analysis of Bibliographic Relationships and
Identification of Research Trends for the Period 2010-2021" and “Ten years of frugal innovation:

Bibliometric and theoretical review” we would like to highlight the main findings:

1. The term frugal innovation is relatively new and under discussion in scientific community, thus
the first of the objectives was defined as creation of universal definition of FI which is used in our
research. This objective was obtained and based on synthesized knowledge frugal innovation refers to
the creation, development, and implementation of a new solution to improve effectiveness, affordability,
sustainability, robustness, and functionality and meet the needs of resource-constrained consumers.

2. In order to map the frugal innovations into scientific field there is a need to identify the main
research trends. Topic of frugal innovation is pretty new for the research, though the dynamic of research
significantly raises during last time. Given a struggle of business and communities to overcome series of
crisis, we suppose that research on frugal innovation will continue to raise, since their it considers the
limitation of resource as an opportunity, not as a threat. Studies were focused on frameworks and

phenomena and had mostly general approach. We structured the information on frugal innovation during
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the decade, constructed a scientific map, presenting the synthesized information of the previous research.
It could be useful for technical, medical, and social scholars. The scientific contribution of this study is
the proposed Index of frugal innovation penetration in the subject areas of publications. It has provided
an opportunity to diagnose the level of penetration of frugal innovation into the subject areas of research
and to confirm a fairly broad and even distribution of frugal innovation in many subject areas of research.
An asymmetry of publications in the subject areas of “Business, Management and Accounting”,
“Environmental Science” and was identified over the study period. A meta-analysis of the bibliographic
relationships of publications in the context of subject areas based on correlation analysis and regression
modelling has identified the most influential areas for frugal innovation development, among which are
"Engineering™ and "Decision Sciences". The advantage of the proposed approach is the possibility to
diagnose the asymmetry of publication volumes in a particular subject area, which has a significant
impact on the level of equal penetration in all subject areas of scientific research. We recommend to
focus on such areas as COVID-19 pandemic, food, energy, financial crises, which could be used by

policy makers, scholars, and practitioners in order to identify the agenda.

3. The next objective is more precise and aims to identify the industries, countries where frugal
innovations are present. This objective was obtained as well. The papers are mostly empirical and mainly
presented by case studies in IT/ICT, healthcare, manufacture, and product design. Less of them aimed at
finance, multinational corporations, education, construction, engineering, and food. Hence, we would
like to highlight the gaps in the academic literature that could be used for future research such industries
as agriculture (livestock, dairy, fishing, wood, horticulture); manufacture, textile, chemical, petroleum,
mining, metal production; service, hospitality, food retail, tourism fields are almost not presented in
research. However, nuclear and space industries are reflected in the domain. Thus, we recommend to
focus on the above-mentioned industries/sectors, which demand sustainable and frugal approach. The

study into these industries could deliver a lot of practical and theoretical findings. We encouraged
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research in IT/ICT crossed with healthcare industry, as a lot of solutions intercross and could bring a lot
of practical tools in fight the COVID-19 pandemic, which might be useful for policy makers, scholars,
and practitioners when determining further actions with COVID-19. Furthermore, further research
according to the time frame could bring a lot of insights in terms of the development, evolution of the
domain, and its practical implications. The developing countries and India are the main countries of
interest, however there was a rising interest in developed countries during last time. The research in
developed countries highlighting practical solutions in various sectors and industries could deliver many
insights into the research field. The study estimates research trends and covers the largest dataset,
delivering a comprehensive review of the research domain. Among the most cited papers, the most of
the researchers were focused on different types or mixed industries, healthcare, energy, water, vehicles,
automotive and transportation, IT and ICT, financial services. Most of the papers are also empirical. The
vast number of articles focused on India, developing countries, and almost the same number on both

developing and developed countries.

4. Taking into account the characteristics of frugal innovation, the further objective targets to
explore the ability of frugal innovation to solve social and economic problems of society with a
sustainable approach.

Our results demonstrate that frugal innovation could solve social and economic issues of society as well
as in developed and developing countries, with a sustainable approach. Limitations of our research - our
data are reliant on our subjective attitude towards the choice of publications. Most publications were in
English. Only a few papers were published in French or Spanish with abstracts in English. There may be
more articles on FI that are written in languages other than English. Furthermore, we recognise a bias
associated with the selection of words to denote FI, as some researchers could use related terms. We
concentrated on a single phrase, frugal innovation, for greater precision. Due to a varying degree of

specificity within the papers, bias may also be found in relation to categorisation criteria (i.e., industry,
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country, type of research, and research method). Another limitation is that we focused on just four
categorisation criteria, thus it can be extended for future research. We used only Scopus database for our

research, including the databases could enrich the future research.

In research Ten years of frugal innovation: Bibliometric and theoretical review, publications in English
(238) were collected from Elsevier Scopus database during the period of 2010-2019 for using in
statistical, bibliometric analysis, and theoretical review. The results reported herein should be considered
in the light of some limitations. First, the sample size was limited, our dataset was taken out only from
Scopus data base, addition of the other databases would provide more comprehensive information in
frugal innovation field. Our research included the examination of the articles that were written in English,
while articles which were presented in other languages were unincluded in the examination, extending
of other languages would enrich the study. In addition, due to the novelty of the term of frugal innovation,
it frequently overlaps with others such as reverse innovation, Gandhian engineering, jugaad, low-cost
innovation, etc., there is a probability that some of the researchers substituted the term, thus there is a
need of seeking the information on that literature beyond the frugal innovation field. Finally, some
articles were enough theoretical and based on the literature review, however, they were illustrated by
cases or examples that could lead to the bias in distinguishing them between theoretical and empirical.
Groups obtained in the coupling analysis can be taken to analyse and synthesise the information

considering different lines of research by the group identified.

5. Taking into account the social aspect of frugal innovation the next objective was to present the
business model for solving problems in the field of waste disposal and recycling in terms of frugal

innovations.
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Paper Frugal innovation in the textile industry, as a tool for solving problems in the field of waste
disposal and recycling is the conceptual work and suggests frugal innovations could be an option for
solving problem of waste management and recycling in the textile industry through changing the business
model, thus it affects social, environmental, and economic aspects. This is on of the first papers in terms
of frugal innovations in context of textile industry, thus we faced with lack of prior research on the
subject. Since this context is a novel for frugal innovations domain it could bring a lot of useful insights.
In our research we faced with lack of available and reliable data for our study, thus we used the secondary
data to provide conceptual deliveries. The implementation of qualitative methods for future research,
such as grounded theory, ethnography, and case studies could lead to development of new theories and
concepts. Also, we faced with limited access to the interviewees and objects of research, however our
results could be used as the initial steps for further research. Obtaining the access to these kind of sources

in future, would influence the outcomes of research, making them more comprehensive and convincing.

6. Since we found there is a need of Covid-19 research in frugal innovation field, the next objective
related to one of the essential topics, food was to define the general trends of digital marketing in food
retail in context of frugal innovations during COVID crisis.

The paper Digital transformation of business model of Russian food retailers during covid-19 pandemic
through lens of frugal innovation is interconnected with paper Frugal innovations and main trends of
digital marketing in post-covid-19 retail: Case Study of the leading Russian food chains both are

conference papers and presented by case studies.

The research in paper Frugal innovations and main trends of digital marketing in post-covid-19 retail:
Case Study of the leading Russian food chains, allowed to obtain this objective where the most common
trends in digital marketing of food retail during pandemic in terms of frugal innovation are: customer

centricity (customization and identification of customer needs, co-creation (involvement of customers
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into process), omnichannel (better communication with client), customer interaction (customization) and

business diversification.

7. The next objective is to identify how food retailers’ business model has been transformed in terms
of frugal innovation during pandemic. As the results of the research paper Digital transformation of
business model of Russian food retailers during covid-19 pandemic through lens of frugal we found out
food retailers’ business model has been transformed in terms of frugal innovation during pandemic. Our
findings demonstrate the use of extended enterprise concept by the most of the key retailers, via close
interaction and involvement of partners; organizational speed which focus on fast change of business
processes, products and services; digital transformation that aims at increase of productivity, cost
reduction, increase of sales, and market share; business diversification, which includes focus on new
products, services, customer involvement, new markets, changing the business model, meanwhile the
most important trends are omnichannel and customer interaction. However, all these approaches focus

on customer satisfaction.

The research on digital domain through lens of frugal innovations has some limitations and constraints.
Firstly, it focuses only on Russia, which can be considered as a geographical constraint, by adding some
new geographical locations to further research would enrich the outcomes of the study. Secondly, the
sources of the data also have limitations since we have been extracting the secondary data, including
quantitative and qualitative surveys conducted by research companies (McKinsey, Nielsen, PwC, EIB,
RAEC); online resources retail; including expert assessments. The usage of primary data for future path
research would bring new insights to the study. Thirdly, it reflects the results only of top-5 retailers,
adding other companies would bring new insights. Forthly, the intersection of digital, retail, and frugal
innovation is an immature field of research, thus we faced with a lack of prior studies, thus we

recommend to use methodology that implies qualitative methods for exploration of this field.

Paper Frugal innovations and implications, a single case study on dairy farming from developed countries
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8. Further object was to explore social, economic, and sustainable values of FI, through
organizational innovations and frugal innovative product. Paper Frugal innovations and implications, a
single case study on dairy farming from developed countries as an empirical type of paper reveals these

aspects.

Our research demonstrates that frugal innovative products combined with organizational innovations can
effectively serve underserved customers and play an essential role in sustainable development. The main
organizational innovations split into two categories, customers and organization, which compromises
high customization and personal approach, empowerment of customers, customer involvement,
education and training for the customer, 'hyper care' for customers, expanding of seller's responsibilities,
flexible payments; and organization including empowerment of employees; collaboration with R&Ds
(open innovation). The frugal innovative product is represented as affordable, sustainable, efficient, and

highly functional.

9. The next objective was to identify how frugal innovation contributes to the provider (business)
and receiver of frugal innovations (farmers' communities), serving underserved customers in developed
countries in context of dairy farming. We found that frugal innovations benefit to the provider (seller)
and receiver (farmer), where the main benefits for the seller are profit from sales and customer loyalty
(long last relationship with a customer); and for the farmer from the economics perspective significant
increase of profitability, an increase of productivity (boost of average milk yield), a decrease of vet
expenses, reduction of feeding costs, production of a high-quality product (improvement of milk quality),
flexible payments, additional profit from the dealership; from the perception of sustainability,

improvement of animals' health, usage of local feeding materials (support of local production); from the
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social perspective, training and consultations; and from service, additional services free of charge.
Organizational innovations allow the company to be flexible, to keep close relationships with customers,
and to reduce capital investments collaborating with R&D and manufacturing, while frugal innovative
products satisfy the main requirements of the customers. Given the context of farmers in the dairy
livestock industry in European countries, the main requirements of the dairy farmers refer to an increase
of milk boost (productivity) along with health improvement of the herd and profitability. Thus, it comes
challenging to satisfy their needs with conventional solutions, however, our study demonstrates that

frugal innovation has the ability to tackle these issues.

10.  The further objective is to determine the results of frugal innovation introduction in dairy farming.
Thus, our research demonstrates that FI (frugal innovation) improves the livestock feeding system and
could be implemented globally in the future. Also, FI addresses the environmental footprint of livestock
supply chains by elimination of brought from afar such feeding ingredients as palm fat and soybean meal;
substitution of soybean meal with local ones, like rapeseed and sunflower meal, meanwhile increasing
productivity. Hence, our research demonstrates FI as a contributor to responsible and sustainable
livestock production. Animal welfare is one of the significant elements of sustainability and farm
profitability. FI presented by the company has a positive impact on the welfare of the animals, particularly
the improvement of fertility, digestion, reduction of inflammatory diseases, increase of productive life
of cow. Hence, generating a frugal mentality, philosophy, approach in researchers, practitioners, and
policymakers is essential for contribution to sustainable development goals (SDG). One of the significant
benefits of FI for the farmers is profitability. Our study demonstrates the positive impact on the economic
efficiency of the farms, based on such economic indicators as ROI (Return on Investment), IRR (Internal

Rate of Return), and payback period. Such approach creates benefits for seller as well, such as profit and
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loyal long last relationships with the customer. This research could be useful for dairy farmers, managers

of the dairy livestock industry, practitioners from other fields, and policymakers.

Our research has several limitations, hence providing new future research paths. We explored only one
case in this industry, exploration of more cases could bring new deeper insights into the dairy livestock
industry. Extending the research to other livestock farming and agricultural-related industries could
enrich the knowledge of FI in these particular industries. Moreover, exploration of Fl using case studies
from other industries may add significant value to the research domain of Fl. The selected case study
was explored in conditions of European countries, by extending the geography of research such as other
developed countries or developing countries could bring new insights of FI phenomena according to the
geographical location. This study is one of the first that analyses the benefits of FI in dairy farming, in
terms of profitability, sustainability, and social aspects, it is presented by case study and the limited
number of farms, however, for future study large scale research is recommended for confirmation of
validity. The results of frugal innovation in dairy farming show frugal innovation demonstrate an increase
in the livestock farm's efficiency, particularly, a milk increase, improvement of welfare of the herd,

quality of product, decrease of production costs, specially feeding costs, in a sustainable way.

Frugal innovation and economic performance of a dairy livestock farm is the empirical type of paper.

11.  The next objective is to diagnose the effectiveness of frugal innovation management in a livestock
farm. Based on the assessment of proposed indicators of the effectiveness of frugal innovation
management of a dairy farm, integral indicators were determined for the studied groups for three months.
During the three-month study period, the vector of frugal dairy farm innovation management increased
by 47%. This is confirmed by the FIMPI (the length of the vector Frugal Innovation Management
Performance Index indicator). The increase in efficiency is quite noticeable compared to the results for
the control groups. The most significant factor in the effectiveness of frugal innovation management on
a livestock farm is farm functionality. At the same time, to increase the effectiveness of the frugal
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innovation management, a dairy farm should focus not only on economic benefits but also on increasing
sustainable development in the context of socio-environmental parameters of a farm as a producer of
natural products from healthy animals. The results obtained prove that the proposed frugal innovation

(PRC- Polysaccharide Regulatory Complex) has a positive effect on the farm's functioning.

12.  Then, our objective was to examine the frugal innovation in dairy farming in terms of milk
production, economic efficiency for a farmer, and ecological impact. The study presented the robust
results that reflect the positive impact of frugal innovation on three main indicators: milk production,
improvement of economic efficiency of the farmers, and sustainability (including health of the herd,

support of the local agriculture and contribution to ecological footprint size decrease).

13.  The next objective is to form a methodological approach to assess the effectiveness of frugal
innovation management. Therefore, the scientific contribution of this study is the proposed
methodological approach to assessing the effectiveness of frugal innovation management of a dairy farm.
It proves the complex nature of frugal innovations and the need to expand the focus of their
implementation, going beyond purely economic benefits and taking into account socio-environmental
aspects and farm functioning. The obtained results are confirmed using regression analysis. It confirms
the applicability of the formed methodology, and also points to its alternativeness in the process of
forming methodological tools for assessing frugal innovation management efficiency on a dairy farm.
The study confirms the relationship between the effectiveness of introducing and managing frugal
innovation and the economic performance of a dairy farm. However, at the same time, the study proves
that the most influential are precisely the specific parameters of farm development.

This study is not free from limitations. Due to the farm’s features, it was not possible to feed permanently

selected animals, only groups. Some groups were chosen to demonstrate the effects of the product. The
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period of testing was limited to 3 months, and the product might demonstrate all its capabilities in a
longer period of time. The product also affects the decrease of enteric methane emissions; however, this
farm does not monitor this indicator (Weishaupt et al., 2020). At the moment of testing in June, the farm
had malfunctions with feed equipment; despite this, the production of milk was raising in the group fed
with PRC, along with decrease of somatic cells (Alhussien and Dang, 2018). The bias (sharp lactation
curve, from the “GEA Westfalia” program) was taken into account, and the real data were used. Mastitis
cases were measured only in 1st lactation period. In the future, the study can test the proposed
methodological approach on a larger number of farms using frugal innovations, forming a universal
system of indicators for farms, predicting the effectiveness of frugal innovations management for them.
The table below provides a structured roadmap for comprehensive research into the multi-faceted domain

of frugal innovation.
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Research Objectives

1. Create a universal definition of

Frugal Innovation (FI).

2. ldentify the main research trends in

the frugal innovation field.

Results/Conclusions

1. Fl is the creation, development, and implementation of a new solution to improve effectiveness,
affordability, sustainability, robustness, and functionality and meet the needs of resource-constrained

consumers.

2. Research on frugal innovation will continue to raise, since their it considers the limitation of
resource as an opportunity, not as a threat. Studies were focused on frameworks and phenomena and
had mostly general approach. We structured the information on frugal innovation during the decade,
constructed a scientific map, presenting the synthesized information of the previous research. It could
be useful for technical, medical, and social scholars. The scientific contribution of this study is the
proposed Index of frugal innovation penetration in the subject areas of publications. It has provided an
opportunity to diagnose the level of penetration of frugal innovation into the subject areas of research
and to confirm a fairly broad and even distribution of frugal innovation in many subject areas of
research. An asymmetry of publications in the subject areas of “Business, Management and
Accounting”, “Environmental Science” and was identified over the study period. A meta-analysis of

the bibliographic relationships of publications in the context of subject areas based on correlation

analysis and regression modelling has identified the most influential areas for frugal innovation
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Research Objectives

3. Identify the industries and countries

where frugal innovations are present.

Results/Conclusions

development, among which are "Engineering" and "Decision Sciences". The advantage of the proposed
approach is the possibility to diagnose the asymmetry of publication volumes in a particular subject
area, which has a significant impact on the level of equal penetration in all subject areas of scientific
research. We recommend to focus on such areas as COVID-19 pandemic, food, energy, financial
crises, which could be used by policy makers, scholars, and practitioners in order to identify the

agenda.

3. The papers are mostly empirical and mainly presented by case studies in IT/ICT, healthcare,
manufacture, and product design. Less of them aimed at finance, multinational corporations, education,
construction, engineering, and food. Hence, we would like to highlight the gaps in the academic literature
that could be used for future research such industries as agriculture (livestock, dairy, fishing, wood,
horticulture); manufacture, textile, chemical, petroleum, mining, metal production; service, hospitality,
food retail, tourism fields are almost not presented in research. However, nuclear and space industries
are reflected in the domain. Thus, we recommend to focus on the above-mentioned industries/sectors,
which demand sustainable and frugal approach. The study into these industries could deliver a lot of

practical and theoretical findings. We encouraged research in IT/ICT crossed with healthcare industry,
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Research Objectives

4. Explore the ability of frugal
innovation to solve social and

economic problems sustainably.

Results/Conclusions

as a lot of solutions intercross and could bring a lot of practical tools in fight the COVID-19 pandemic,
which might be useful for policy makers, scholars, and practitioners when determining further actions
with COVID-19. Furthermore, further research according to the time frame could bring a lot of insights
in terms of the development, evolution of the domain, and its practical implications. The developing
countries and India are the main countries of interest, however there was a rising interest in developed
countries during last time. The research in developed countries highlighting practical solutions in various
sectors and industries could deliver many insights into the research field. The study estimates research
trends and covers the largest dataset, delivering a comprehensive review of the research domain. Among
the most cited papers, the most of the researchers were focused on different types or mixed industries,
healthcare, energy, water, vehicles, automotive and transportation, IT and ICT, financial services. Most
of the papers are also empirical. The vast number of articles focused on India, developing countries, and

almost the same number on both developing and developed countries.

4. Frugal innovation could solve social and economic issues of society as well as in developed and
developing countries, with a sustainable approach. Limitations of our research - our data are reliant on

our subjective attitude towards the choice of publications. Most publications were in English. Only a few
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Research Objectives

Results/Conclusions

papers were published in French or Spanish with abstracts in English. There may be more articles on Fl
that are written in languages other than English. Furthermore, we recognise a bias associated with the
selection of words to denote Fl, as some researchers could use related terms. We concentrated on a single
phrase, frugal innovation, for greater precision. Due to a varying degree of specificity within the papers,
bias may also be found in relation to categorisation criteria (i.e., industry, country, type of research, and
research method). Another limitation is that we focused on just four categorisation criteria, thus it can be
extended for future research. We used only Scopus database for our research, including the databases

could enrich the future research.

In research Ten years of frugal innovation: Bibliometric and theoretical review, publications in English
(238) were collected from Elsevier Scopus database during the period of 2010-2019 for using in
statistical, bibliometric analysis, and theoretical review. The results reported herein should be considered
in the light of some limitations. First, the sample size was limited, our dataset was taken out only from
Scopus data base, addition of the other databases would provide more comprehensive information in
frugal innovation field. Our research included the examination of the articles that were written in English,
while articles which were presented in other languages were unincluded in the examination, extending

of other languages would enrich the study. In addition, due to the novelty of the term of frugal innovation,
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Research Objectives

5. Present a business model for waste
disposal and recycling within the

framework of frugal innovations.

Results/Conclusions

it frequently overlaps with others such as reverse innovation, Gandhian engineering, jugaad, low-cost
innovation, etc., there is a probability that some of the researchers substituted the term, thus there is a
need of seeking the information on that literature beyond the frugal innovation field. Finally, some
articles were enough theoretical and based on the literature review, however, they were illustrated by
cases or examples that could lead to the bias in distinguishing them between theoretical and empirical.
Groups obtained in the coupling analysis can be taken to analyse and synthesise the information

considering different lines of research by the group identified.

5. Frugal innovations could be an option for solving problem of waste management and recycling in the
textile industry through changing the business model, thus it affects social, environmental, and economic
aspects. This is one of the first papers in terms of frugal innovations in context of textile industry, thus
we faced with lack of prior research on the subject. Since this context is a novel for frugal innovations
domain it could bring a lot of useful insights. In our research we faced with lack of available and reliable
data for our study, thus we used the secondary data to provide conceptual deliveries. The implementation
of qualitative methods for future research, such as grounded theory, ethnography, and case studies could

lead to development of new theories and concepts. Also, we faced with limited access to the interviewees
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Research Objectives

6. Define general trends of digital
marketing in food retail during the
COVID crisis in the context of frugal

innovations.

7. Identify transformations in food
retailers' business models due to
frugal innovation during the

pandemic.

Results/Conclusions

and objects of research, however our results could be used as the initial steps for further research.
Obtaining the access to these kind of sources in future, would influence the outcomes of research, making

them more comprehensive and convincing.

6. The most common trends in digital marketing of food retail during pandemic in terms of frugal
innovation are: customer centricity (customization and identification of customer needs, co-creation
(involvement of customers into process), omnichannel (better communication with client), customer

interaction (customization) and business diversification.

7. Food retailers’ business model has been transformed in terms of frugal innovation during pandemic.
Our findings demonstrate the use of extended enterprise concept by the most of the key retailers, via
close interaction and involvement of partners; organizational speed which focus on fast change of
business processes, products and services; digital transformation that aims at increase of productivity,
cost reduction, increase of sales, and market share; business diversification, which includes focus on new

products, services, customer involvement, new markets, changing the business model, meanwhile the
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Research Objectives

8. Explore social, economic, and

sustainable values of FI through

Results/Conclusions

most important trends are omnichannel and customer interaction. However, all these approaches focus

on customer satisfaction.

The research on digital domain through lens of frugal innovations has some limitations and constraints.
Firstly, it focuses only on Russia, which can be considered as a geographical constraint, by adding some
new geographical locations to further research would enrich the outcomes of the study. Secondly, the
sources of the data also have limitations since we have been extracting the secondary data, including
quantitative and qualitative surveys conducted by research companies (McKinsey, Nielsen, PwC, EIB,
RAEC); online resources retail; including expert assessments. The usage of primary data for future path
research would bring new insights to the study. Thirdly, it reflects the results only of top-5 retailers,
adding other companies would bring new insights. Forthly, the intersection of digital, retail, and frugal
innovation is an immature field of research, thus we faced with a lack of prior studies, thus we

recommend to use methodology that implies qualitative methods for exploration of this field.

8. Our research demonstrates that frugal innovative products combined with organizational innovations

can effectively serve underserved customers and play an essential role in sustainable development. The
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Research Objectives

organizational innovations and frugal

innovative products.

9. Identify how frugal innovation
contributes to both providers
(businesses) and receivers (farmers'
communities), especially in developed
countries in the context of dairy

farming.

Results/Conclusions

main organizational innovations split into two categories, customers and organization, which
compromises high customization and personal approach, empowerment of customers, customer
involvement, education and training for the customer, 'hyper care' for customers, expanding of seller's
responsibilities, flexible payments; and organization including empowerment of employees;
collaboration with R&Ds (open innovation). The frugal innovative product is represented as affordable,

sustainable, efficient, and highly functional.

9. Frugal innovations benefit to the provider (seller) and receiver (farmer), where the main benefits for
the seller are profit from sales and customer loyalty (long last relationship with a customer); and for the
farmer from the economics perspective significant increase of profitability, an increase of productivity
(boost of average milk yield), a decrease of vet expenses, reduction of feeding costs, production of a
high-quality product (improvement of milk quality), flexible payments, additional profit from the
dealership; from the perception of sustainability, improvement of animals' health, usage of local feeding
materials (support of local production); from the social perspective, training and consultations; and from
service, additional services free of charge. Organizational innovations allow the company to be flexible,

to keep close relationships with customers, and to reduce capital investments collaborating with R&D
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Research Objectives

10. Determine the results of
introducing frugal innovation in dairy

farming.

Results/Conclusions

and manufacturing, while frugal innovative products satisfy the main requirements of the customers.
Given the context of farmers in the dairy livestock industry in European countries, the main requirements
of the dairy farmers refer to an increase of milk boost (productivity) along with health improvement of
the herd and profitability. Thus, it comes challenging to satisfy their needs with conventional solutions,

however, our study demonstrates that frugal innovation has the ability to tackle these issues.

10. FI improves the livestock feeding system and could be implemented globally in the future. Also, FI
addresses the environmental footprint of livestock supply chains by elimination of brought from afar
such feeding ingredients as palm fat and soybean meal; substitution of soybean meal with local ones,
like rapeseed and sunflower meal, meanwhile increasing productivity. Hence, our research demonstrates
FI as a contributor to responsible and sustainable livestock production. Animal welfare is one of the
significant elements of sustainability and farm profitability. FI presented by the company has a positive
impact on the welfare of the animals, particularly the improvement of fertility, digestion, reduction of
inflammatory diseases, increase of productive life of cow. Hence, generating a frugal mentality,

philosophy, approach in researchers, practitioners, and policymakers is essential for contribution to

72




Research Objectives

Results/Conclusions

sustainable development goals (SDG). One of the significant benefits of FI for the farmers is profitability.
Our study demonstrates the positive impact on the economic efficiency of the farms, based on such
economic indicators as ROI (Return on Investment), IRR (Internal Rate of Return), and payback period.
Such approach creates benefits for seller as well, such as profit and loyal long last relationships with the
customer. This research could be useful for dairy farmers, managers of the dairy livestock industry,

practitioners from other fields, and policymakers.

Our research has several limitations, hence providing new future research paths. We explored only one
case in this industry, exploration of more cases could bring new deeper insights into the dairy livestock
industry. Extending the research to other livestock farming and agricultural-related industries could
enrich the knowledge of FI in these particular industries. Moreover, exploration of FI using case studies
from other industries may add significant value to the research domain of FI. The selected case study
was explored in conditions of European countries, by extending the geography of research such as other
developed countries or developing countries could bring new insights of FI phenomena according to the
geographical location. This study is one of the first that analyses the benefits of FI in dairy farming, in
terms of profitability, sustainability, and social aspects, it is presented by case study and the limited

number of farms, however, for future study large scale research is recommended for confirmation of
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Research Objectives

11. Diagnose the effectiveness of
frugal innovation management in

livestock farms.

Results/Conclusions

validity. The results of frugal innovation in dairy farming show frugal innovation demonstrate an increase
in the livestock farm's efficiency, particularly, a milk increase, improvement of welfare of the herd,

quality of product, decrease of production costs, specially feeding costs, in a sustainable way.

11. Based on the assessment of proposed indicators of the effectiveness of frugal innovation management
of a dairy farm, integral indicators were determined for the studied groups for three months. During the
three-month study period, the vector of frugal dairy farm innovation management increased by 47%.
This is confirmed by the FIMPI (the length of the vector Frugal Innovation Management Performance
Index indicator). The increase in efficiency is quite noticeable compared to the results for the control
groups. The most significant factor in the effectiveness of frugal innovation management on a livestock
farm is farm functionality. At the same time, to increase the effectiveness of the frugal innovation
management, a dairy farm should focus not only on economic benefits but also on increasing sustainable
development in the context of socio-environmental parameters of a farm as a producer of natural products
from healthy animals. The results obtained prove that the proposed frugal innovation (PRC-

Polysaccharide Regulatory Complex) has a positive effect on the farm's functioning.

74




Research Objectives

12. Examine frugal innovation in
dairy farming in terms of milk
production, economic efficiency for

farmers, and ecological impact.

13. Form a methodological approach
to assess the effectiveness of frugal

innovation management.

Results/Conclusions

12. The study presented the robust results that reflect the positive impact of frugal innovation on three
main indicators: milk production, improvement of economic efficiency of the farmers, and sustainability
(including health of the herd, support of the local agriculture and contribution to ecological footprint size

decrease).

13. The scientific contribution of this study is the proposed methodological approach to assessing the
effectiveness of frugal innovation management of a dairy farm. It proves the complex nature of frugal
innovations and the need to expand the focus of their implementation, going beyond purely economic
benefits and taking into account socio-environmental aspects and farm functioning. The obtained results
are confirmed using regression analysis. It confirms the applicability of the formed methodology, and
also points to its alternativeness in the process of forming methodological tools for assessing frugal
innovation management efficiency on a dairy farm. The study confirms the relationship between the

effectiveness of introducing and managing frugal innovation and the economic performance of a dairy
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Research Objectives

Results/Conclusions

farm. However, at the same time, the study proves that the most influential are precisely the specific
parameters of farm development.

This study is not free from limitations. Due to the farm’s features, it was not possible to feed
permanently selected animals, only groups. Some groups were chosen to demonstrate the effects of the
product. The period of testing was limited to 3 months, and the product might demonstrate all its
capabilities in a longer period of time. The product also affects the decrease of enteric methane
emissions; however, this farm does not monitor this indicator (Weishaupt et al., 2020). At the moment
of testing in June, the farm had malfunctions with feed equipment; despite this, the production of milk
was raising in the group fed with PRC, along with decrease of somatic cells (Alhussien and Dang,
2018). The bias (sharp lactation curve, from the “GEA Westfalia” program) was taken into account,
and the real data were used. Mastitis cases were measured only in 1st lactation period. In the future, the
study can test the proposed methodological approach on a larger number of farms using frugal
innovations, forming a universal system of indicators for farms, predicting the effectiveness of frugal

innovations management for them.
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Chapter 3 Published or accepted
publications

3.1. Frugal Innovation: Meta-Analysis of Bibliographic Relationships and
Identification of Research Trends for the Period 2010-2021

Published paper in: IEEE Transactions on Engineering Management, 1-15.
doi:10.1109/TEM.2022.3169288., Print ISSN: 0018-9391; Electronic ISSN: 1558-0040; Date of
Publication: 04 May 2022; Scopus Q1; H-index -97; SJR-0,88; CiteScore 2020 - 4.3; SNIP 2020 -

1.255; CiteScoreTracker 2021-6.2; Impact Score-3.55.

Melnikova, L., & Gilsanz, A. (2022). Frugal Innovation: Meta-Analysis of Bibliographic Relationships
and Identification of Research Trends for the Period 2010-2021. IEEE Transactions on Engineering
Management, 1-15. https://doi.org/10.1109/TEM.2022.3169288
The research study "Frugal Innovation: Meta-Analysis of Bibliographic Relationships and Identification
of Research Trends for the Period 2010-2021" is a critical review article based on a bibliographic analysis
of research articles. Through the use of quantitative studies and content analysis, it systematically
arranges the knowledge regarding frugal innovation and tracks the research activities in the field. The
report gives a meta-analysis of the degree of frugal innovations penetration into the fields of scientific

research as well as a frugal innovations penetration index for several topic areas of publications. The
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paper identifies the most important fields for the growth of frugal innovation research, such as
engineering and decision sciences, by using correlation analysis and regression modeling.

This article was published in the prestigious IEEE Transactions on Engineering administration, a peer-
reviewed international magazine that focuses on the administration of technical operations including
R&D and engineering in several global companies and organizations. The goal of the study is to aid in
managerial decision-making and policy development for engineering, development, and research. It
clarifies the existence and lack of frugal innovations within particular disciplines, presenting a future
research direction.

The research also offers important strategies and conceptual works that could aid researchers in
navigating their chosen research fields. In addition to highlighting the necessity of frugal innovations for
business and society, the report also identifies prospective markets in terms of industries and nations. As
the paper implies a universal approach, it could be used in decision-making or policy formation for
research, development, and engineering. Overall, the paper provides valuable insights and guidance for

researchers, practitioners, and policymakers interested in frugal innovation.

Abstract— Global social, economic, and environmental challenges have stimulated the emergence
of local innovation initiatives. The current study aims to systematise the knowledge about frugal
innovation based on bibliographic analysis. Through content analysis, we collected information
about the following features of research on frugal innovations. The scientific contribution of this
study is the proposed frugal innovations penetration index for the subject areas of publications. It
has provided a meta-analysis of the level of frugal innovations penetration into the subject areas
of scientific research. The results show that over the past decade, research on frugal innovations
was largely concentrated on IT/ICT, healthcare, product design and manufacture industries, while
agriculture, livestock, service, education, and other sectors, requiring frugal and sustainable

approaches, received less attention. The findings also suggest that the aetiology of frugal innovation
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in developing and emerging markets has sparked the interest of developed countries. In this study,
frugal innovation is seen as a tool that companies can employ to expand their geographic footprint
and move into new industries. A meta-analysis of bibliographic relationships of publications in the
context of subject areas based on correlation analysis and regression modelling identified the most
influential areas for the development of FI research, among them Engineering and Decision
Sciences. The advantage of the proposed approach is that it provides an opportunity to diagnose
the asymmetry of the research carried out, which has a significant impact on the level of equal

penetration in the subject areas.

Index Terms—bibliometric analysis, clustering, frugal innovation, mapping method,

sustainability.

Introduction

Conditions of volatility, uncertainty, complexity, and ambiguity of today’s world and a series of crises
have forced businesses and governments to redirect resources to the domestic market. Thus, innovations
have emerged, which enable economies to grow and function amid the pandemic. In the face of emerging
medical, social, and economic challenges, the world has discovered a greater potential of innovations
targeted at the local innovative endeavours, also known as frugal innovations (FI).

FI makes up a new entrepreneurial landscape, where local firms with limited resources develop
innovations for underserved clients in low-income countries [1]-[3]. The concept of FI originated as one
of the win-win solutions for the mutual benefit of business communities, society, and the environment.
In this context, innovation efforts require frugal thinking and aim to help local businesses and
communities to cope with the short-term impacts of a global pandemic. Innovation efforts can have long-
term consequences that increase the resilience of business, society, and the environment [4]-[6]. In order

that local innovators may use resources within reach frugally and rationally, one has to scan the current
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literature on the given problem and provide useful insights. The literature review will enable us to
understand the importance of FI and amalgamate the existing materials, knowledge, and skills to form a
new innovative solution or repurpose the existing technologies, in a circular economy in particular, so it
becomes possible to overcome the COVID-19-induced crisis [7]. During this decade the perception of
FI has undergone significant changes. Firstly, nowadays it became related not only to developing
economies but also to developed ones [8]. Secondly, the very term “frugal innovation” is relatively new,
and as it becomes more popular around the globe due to increasing demand for sustainable and affordable
quality solutions, this paper attempts to create a universal definition of FI. The concept of FI often
overlaps with Jugaad innovation, bottom-of-the-pyramid (BoP) innovation, reverse innovation, and
disruptive innovation. They have the common core elements like affordability, social or sustainable
orientation and resource constraints. Jugaad refers to local solution, bottom-of-the-pyramid (BoP) —
satisfaction of customers which live under poverty, reverse innovation — inexpensive solutions which
were initially successfully introduced in developing countries and then in developed ones, and disruptive
innovation — providing new values and overtaking an existing market [9]-[11]. It makes the academic
knowledge of FI blurred. Wooldridge [12] sees FI as “reshaping products and processes to decrease
needless expenses”. Moreover, FI is focused on generating non-complex, sustainable solutions, including
products, processes, and business models, using fewer resources that are harmless for the environment
[13]. In recent years, authors have emphasised the role of FI in the achievement of sustainable
development goals (SDGs). Khan [14] claims that it is possible to reach social sustainability goals via
the application of FI and that it is customary to equate frugality with sustainability. It is noteworthy that
the key challenges of sustainable development lie in the plane of compromises between its distinct but
interconnected dimensions (i.e., social, economic, and environmental) [15]-[17]. For example, it is
impossible to achieve a good quality of life without having sufficient economic resources to meet the
actual needs of a person. One cannot have good health while living in an ecologically polluted area [18]-

[20]. During a pandemic, social welfare cannot be sustained without basic personal protective equipment
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(disinfectants) and distribution centre support (safe transport) [21]. Therefore, it can be stated that FI
aims at meeting the basic needs of the population (e.g., health, education, and production of goods and
services) during the health crisis period to enhance the quality of life of the population through a profit-
focused innovative approach. Other authors attempted to distinguish FI from other types of innovation.
In doing so, they used two distinct approaches. While some authors focused on classifying FI based on
concepts and frameworks, others examined the rules and principles of Fl to establish differences between
frugal and other types of innovations. The first category of scholars encompasses the following
researchers. Cunha et al. [22] focused on scarcity. Brem and Wolfram [23] concentrated on sustainability
and sophistication in developing countries. Zeschky et al. [8] focused on the technical and market novelty
of the innovations. Ostraszewska and Tylec [24] considered FI from a similar perspective. According to
Soni and Krishnan [25], FI is a mentality or lifestyle, a process, and an outcome at the same time. Basu
et al. [26] analysed FI from multiple perspectives, such as a driver, process, location, and core
capabilities. The second category of scholars is represented by the following authors. Kumar [27]
classified six principles of FI to establish a source of benefits to entrepreneurship, as well as
entrepreneurship trends, patterns, and consequences. These principles are robustness, portability, de-
featuring, leapfrog technology, mega-scale production, and service ecosystems. Khan et al. [28], [29]
found that the most significant factor affecting the company’s efficiency is the presence of a green
information system. Radjou and Prabhu [10] identified six principles as well: engage and iterate; flex
assets; create sustainable solutions; shape customer behaviour; co-create value with prosumers, and make
innovative friends. Prahalad and Hart [30] introduced three frugal forms and rules. Based on [31], we

highlighted the common characteristics of FI (Fig. 1).
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Fig. 1. Common distinguishing characteristics of frugal innovations

To put it straight, Zeschky et al. [8] and Ostraszewska and Tylec [24] established a novelty criterion.
Basu et al. [26] along with Prahalad and Mashelkar [32] focused on customer needs. Studies [23], [26]
highlighted the existence of emerging markets as a feature of FI. Basu et al. [26] and Kumar and Puranam
[33] described FI as robust, lightweight, and simple. Studies [10] and [23] reported sustainability as an
inherent characteristic of FI, while [27] was focused more on service ecosystems as a related component
of sustainability. Studies [10], [32], and [34] were all about creating and sourcing new capabilities, as
well as flexing the assets. Summarising the above, FI refers to the creation, development, and
implementation of a new solution to improve effectiveness, affordability, sustainability, robustness, and
functionality and meet the needs of resource-constrained consumers.

Until now, there have been few attempts in academia to map the Fl-related knowledge, mostly in India
[33]. The research areas are largely health, electrical engineering, electronics, transportation, finance,
IT/ICT, and energy sectors. Winkler et al. [35] note that research on FI was focused on emerging market

economies and developing countries, but recently there has been a shift towards developed countries.
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The study focused on criteria-based evaluation model investigating reasons of success and failure of FI
in developed countries. The results suggest that success of FI implementation in developed countries
highly depends on market conditions. Agarwal et al. [36] reviewed the current literature on innovation
through analysis and synthesis. The researchers found that emerging markets experienced an increase in
the use of terminological analysis, while the innovation process was taking place outside these markets,
that is, in broader markets. Tatum and Russo [37] turned to bibliometrics and presented a collection of
general data from the main works on Fl. Dangelo and Magnusson [38] provided a bibliometric map of
FI accompanied by a qualitative assessment of clusters based on the Social Sciences Citation Index
(SSCI) (Web of Science) database. They focused on content analysis of clusters in general. Santos et al.
[39] used co-citation analysis based on 42 papers from SSCI database issued between 2011 and 2019.
Our study uses the world’s largest database, Scopus, and conducts a qualitative assessment of clusters
and research trends with respect to the different variables, such as industry, country, investigation
methodology, and research type.

The research purpose is to systemise and categorise the current research into FI, as well as bring order to
the chaos of scientific knowledge. This study is based on using clustering and mapping techniques in a
combined fashion to analyse bibliometric data and establish trends in the FI research over the past decade.
The mapping method also served as a mean of foresight research. The paper makes a knowledge map of
various works on FI, which businesses and authorities can deploy to assess the prospects for
development. The study establishes an empirical link between modern concepts of FI and stakeholders
(the business community, society, and the environment) to provide a tool useful in promoting innovative
development in the medium run and the long run.

This paper is structured as follows. The first part of the study focuses on reviewing practice problems
and existing case studies on the issue under study. The second part, methodology, clarifies the
bibliometric approach, data analysis, and limitations. The third part consists of the results of bibliographic

coupling analysis and content analysis, as well as discussion, which identifies the focus of each cluster
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and common research trends in general, according to industry/sector, country focus, type, and method of
research. Finally, the fourth part concludes the study and identifies the directions for further research.
Methodology

Bibliometrics is a suitable method to use in different research areas, including management [40],
innovation [41], and economics [42]. Unlike a literature review that comes with a certain degree of
subjectivity, the bibliometric analysis provides more objective and reliable results [43]. Furthermore, it
supplements other research methods, such as meta-analysis and systematic literature review. Bibliometric
analysis is a quantitative method to explore bibliographic material and patterns of publication [44], [45].
It is also suitable for presenting a comprehensive overview of the research trends in a particular area of
research [46].

To map the publication output of FI research, we performed a bibliometric analysis using Elsevier’s
Scopus database. The results are summarised as tables and figures. Elsevier Scopus was selected for its
reliance on a limited set of selection criteria used by experienced editors. To investigate the topic
thoughtfully, we selected articles that provide a more complete understanding of the research domain
and can highlight the emerging qualitative and quantitative changes. Documents for the analysis were
collected via topic search. For this, we determined whether there was any mention of the topic in the
paper’s title, abstract, or keywords. A total of 357 publications on FI topic were retrieved, among which
there were 213 articles, 73 conference papers, 22 book chapters, 19 reviews, nine notes, five editorials,
four indefinite documents, four short surveys, three books, and three conference reviews. The
publications under scrutiny are documents published between 2010 and May 08, 2021, the most
debatable time period in relation to FI. These years refer to the early stage of research activity in this
field. The following information of the documents was used: the name(s) of the author(s), affiliation,
year, title, source, keywords, abstract, and counts of citation.

The relatedness of publications was measured via co-citation analysis and using the keywords. To

enrich our knowledge on how various authors and publications are connected, we performed quantitative
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and content analyses. For the methodical analysis of bibliographic characteristics, a mapping technique
was applied [47], [48]. Bibliographic coupling analysis was used to systemise the documents [49]. The
idea was to identify the research clusters based on bibliographic coupling and then conduct a deeper
analysis. Two research papers are bibliographically coupled if they cite one or more papers in common;
the more citations the documents share, the higher the coupling strength and the stronger the relationship
between articles. Bibliographic coupling enables scholars to examine the reference lists of documents to
find articles that have a similar research focus and identify research subdomains. The bibliometric data
were then exported to Microsoft Excel and VOSviewer to generate visualisations.

This study proposes a methodological approach to determine the level of penetration of a particular
area (in this case, FI) into the subject areas of scientific research based on the Shannon-Wiener Index. Its
value in this study is defined in the form of the FI penetration index in the subject areas of scientific

research (Plg;):

.

PIFI = m n=1 ku ) ng(ku]

(1)

N — the total number of subject areas under study; k,, — share of the n-th subject area in terms of the
number of publications with the keywords under study.

Maximum value of PI; can be equal to 1 and is achievable when all particles are equal to 1/N.
Minimum value of PI; can be 0 and is achievable when all publications are made in only one subject
area, i.e. one of the particles will be 1 and the others will have zero value. The higher the level of Pig,,
the more even and broad is the penetration of the area of study (keywords) into scientific research in
different subject areas and the dissemination of knowledge on a given area. PI; does not need to be
normalised and reduced to a unit scale of measurement, so it can be used directly as a normalised

dimensionless indicator.
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A correlation analysis based on the number of publications using the R programming language was
carried out to determine the relationship between the publications made with Fl in the different subject
areas. Regression modelling was also carried out in a meta-analysis of the bibliographical relationships
of publications in the context of the subject areas. The study period covers the years 2010-2021. In this
case, Plg; is used as the dependent ¥, and the number of publications in certain subject areas are used as
variables: X, — Economics, Econometrics and Finance; X, — Business, Management and Accounting; X
— Social Sciences; X, — Environmental Science; X: — Engineering; X, — Energy; X, — Decision
Sciences; Xz — Psychology; X5 — Agricultural and Biological Sciences.

Data Analysis

The first step of data processing was to analyse and assign publications to one of the seven clusters so
it was possible to identify and categorise research trends in the data based on the type of research,
methods used, the country the article focuses on, and the examined industry. In doing so, we were able
to distinguish the knowledge gaps and map the collaborations. The next step was to highlight the top
research trends of the entire seven largest clusters from our analysis based on the parameters listed above.
For this, we manually reviewed all the articles. In doing so, we also estimated how the FI research has
evolved and made predictions regarding the directions of future research.

Limitations of our research - our data are reliant on our subjective attitude towards the choice of
publications. Most publications were in English. Only a few papers were published in French or Spanish
with abstracts in English. There may be more articles on FI that are written in languages other than
English. Furthermore, we recognise a bias associated with the selection of words to denote FI, as some
researchers could use related terms. We concentrated on a single phrase, frugal innovation, for greater
precision. Due to a varying degree of specificity within the papers, bias may also be found in relation to

categorisation criteria (i.e., industry, country, type of research, and research method). Another limitation
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is that we focused on just four categorisation criteria. The reader, however, can pay more attention to
other contexts, such as time frame.
Results and discussion
Scholarly activity in frugal innovation

Fig. 2 demonstrates the scholarly activity by year; the number of publications has significantly
increased since 2010, and it is constantly increasing. The first paper in the dataset appears in 2010. Most
of the publications (64) were published in 2018 or later. In recent years (from 2019 to May 2021), the

scientific activity regarding frugal innovation has tended to decline.
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Bibliometric Analysis: Bibliographic coupling analysis and results

Bibliographic coupling analysis appears once two papers cite a third mutual publication in their
bibliographies. It would be supposed that the more mutual references have two papers the stronger
thematic connection there will be between them. Out of 357 publications, 290 are bibliographically
coupled and assigned to 16 clusters. Of these, we selected seven that are the most illustrative (purple,
yellow, blue, green, peach, light blue, and aquamarine). Fig. 3 presents the results of the bibliographic

coupling analysis.
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Fig. 3. Bibliographic coupling analysis

Clusters represented by purple, yellow, green, and blue colours are connected more tightly, while those
coloured peach, light blue, and aquamarine are more isolated. The size of bubbles indicates the frequency
of citations: the larger the bubble, the higher the frequency. The distance between the bubbles indicates
the coupling strength and resemblance. The colour of the bubble indicates the research area. Publications
in the purple cluster focus on business management, IT/ICT, and healthcare. Publications in the yellow
colour focus on healthcare and sustainability. The blue cluster focuses on IT/ICT, manufacture, and
product design. The green cluster is about business, IT/ICT, finance, healthcare, and sustainable
development. The peach cluster consists of papers on healthcare and IT/ICT. Publications in the light
blue cluster focus on manufacturing and business models. The aquamarine cluster focuses on the reviews,
biotechnology, healthcare, and IT/ICT.

Fig. 4 shows the distribution of publications by the examined industry (sector).
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Fig. 5 shows the distribution of publications by the examined country.
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Fig. 5. Distribution of publications within clusters by country

Fig. 6 shows the distribution of publications by research type.
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Finally, Fig. 7 shows the distribution of publications by methodology.
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Purple cluster

Industry (sector) focus
We have analysed common research topics of the purple cluster that consists of 69 publications. The

purple cluster consists of papers focused on different industries, IT/ICT, and healthcare (Fig. 4). IT is a
large FI segment, where a lot of practical solutions are proposed by authors. FI in IT is almost always
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crossed with other industries, in particular finance (online methods of payment for rural areas, etc.),
healthcare, and others [50]-[52]. For instance, an online microinsurance via smartphone and M-Farm for
small farmers ease the transactions and decrease the costs. Meanwhile, they demonstrate positive effects
on private sector productivity and public services. The rationale for this cluster is that it is aimed at FI
influence and its outcomes. FI in IT/ICT is a practical instrument for solving problems and developing
solutions with scarce resources. The research [53] considers sustainable business models describing the
development of FI. The work [54] presented cases of ICT adoption and innovation in developing
countries. Studies [55]-[57] were focused on the healthcare industry (ophthalmology, critical healthcare);
the authors emphasised the necessity of FI in healthcare and proposed possible solutions. For instance,
the frugal approach may be used for the ventilator support for intensive therapy patients, it must be robust
and reliable with modes according to their needs without superfluous features. In the category of
“different industries”, the authors [58] conducted an extensive review of literature, exploring 30 studies
and identifying people’s low-income drivers and distinctive characteristics of innovation in Indian and
foreign enterprises [59], [60]. Badami [61] was concerned with the Jugaad innovations after the financial
crisis of 2008. The authors [62] explored how marginalised people were involved and positioned.
Research type and methods

Most of the research papers are empirical (Fig. 6), however, since Fl is a relatively new phenomenon,
some of the empirical papers rely on the description of the real-world data, cases, and do not use a lot of
statistics. Theoretical research consists of conceptual and exploratory papers. On account of FI’s novelty,
little is known, and the term is under debate. Most studies focus on IT/ICT and healthcare industries, also
business strategies, management, and sustainability.

Country focus
Apart from the category “not specified”, as a motherland of FI, India has attracted authors of this cluster

(Fig. 5). India has presented practical FI solutions in healthcare (ophthalmology) [55], [56] and digital

frugal healthcare solutions [63]. Other researchers focused on energy, transportation, water industries in
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India, whereas the most unexpected became the space industry. The authors focused on Indian
multinational companies, inputs and outputs of FI in context of organisational characteristics [64]. India
is a source for innovation, where disadvantages of infrastructure and public services are its main triggers
[65]. Some studies [50], [66] were focused on the idea of benefits for society and community, quality of
life, and FI’s impact on resource constraints, including new technological solutions [67], [68]. However,
some authors [66], [69], and [70] are focused on developed countries, such as Australia, Sweden, and the
UK.

Yellow cluster

Industry (sector) focus

Most authors in the yellow cluster are focused on different industries (Fig. 4), which makes a wide
research focus. This group of researchers mostly investigates the general principles of FI; some of them
try to distinguish the term from the other resembling terms, categorising them or distinguishing them into
types [71]. The link between FI and sustainability is a topic of certain studies [72]-[77]. Sustainability is
a very important element of FI. The latter may significantly contribute to SDGs. Furthermore, this cluster
considers reverse and disruptive innovations in relation to FI. Researchers try to find links, explore these
topics, whereas, some of them use multinational corporations as the main actors. The authors pay a lot
of attention to the challenges of FI adoption in the developed markets in times of crisis. The smaller
number of papers focus on healthcare, in particular Point-of-Care-Tests, which allow assisting more
patients in a shorter time without extra costs in a pandemic context, thus, it becomes crucially important
when fighting with COVID-19. Such portable, inexpensive solutions for rapid identification of disease
as Diagnostic Chewing Gum, Lateral Flow Immunoassays (nondigital rapid tests), smartphone as a tool
for pandemic control, polymerase chain reaction device for Ebola recognition, paper-based 3D
microfluidic biochip for the identification of whooping cough, etc. can be used solely. However, in a
clinical set-up, they should be used together with laboratory diagnostic tests. These Fls allow diagnosing

at the patient’s bedside, without wasting any time, and serving a large amount of population in a cost-
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effective way. Moreover, by serving broad coverage of patients, contamination can be prevented [78].
Besides, the authors focus on the adaptation of palliative care professionals to FI in the COVID-19
pandemic [79], [80]. They conducted a multinational survey which showed that specialists of palliative
care implemented inexpensive solutions, which are flexible and easy to use; they also emphasised the
need of collaboration and finance in the context of a pandemic. Authors focused on effect of external and
internal knowledge on FI using case of Saud Arabian enterprises [81].

Research type and methods

Most of the research papers are theoretical (Fig. 6); they aim to investigate the factors which facilitate
the innovations. The conceptual frameworks and linkages between Fl and sustainability are common for
this cluster. Authors try to explore and investigate the FI phenomena [71]. Apart from the general
approach, a lot of scholars used a case study method (Fig. 7).

Cost-effective engineering and design allowed producing the cheapest electric car Tata Nano, which is
sustainable and affordable for consumers with low incomes. Sustainability, FI, and the origin of the
concept were deeply studied in India [82], [83].

Country focus

Most of the papers have a general focus, where the country is not specified (Fig. 5). The authors of the
yellow cluster try to distinguish FI types, link them with sustainable human development, and establish
a conceptual framework. Besides, the vast number of papers focus on India. India is considered in many
papers as a main source of FI; the authors focus on the examination of FI capabilities in India. Firstly, it
is explained by the number of remarkable examples and case studies in India, like Tata Nano, lightweight
electrocardiogram (ECG), multiple mice with multiple cursors, software addressing system, low-cost
solar panel, Tally business software, low-cost healthcare services, and one of the surprising, the
implications of design impromptu practices that influence the localisation of reactor technology in India

[83]. It demonstrates the possibility of an alternative way of creating complex solutions in scarce
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resources. Secondly, the purchasing power of the middle class in North India attracts and stimulates the
companies to offer affordable solutions.

Blue cluster

Industry (sector) focus

Apart from the category “different industries”, authors are more focused on the I'T/ICT sector (Fig. 4)
and less on product design and manufacture. The researchers consider IT/ICT as a tool of FlI; they
investigate the impact of FI in IT/ICT on business models. IT/ICT FI can decrease transaction expenses,
sensor prices, ease customization, supplier selection, and become useful in the COVID-19 pandemic,
meanwhile boosting economic and social values. The orientation of IT/ICT FI splits into two subareas:
loT (sensors) and manufacture. For instance, inexpensive wireless monitoring of humidity and
temperature is important for museums, apartments, etc. [84]. Moreover, the loT-based wearable
environment is widespread, easily adapted, where inexpensive sensors are reliable [85]. Manufacture is
an important element of FI, particularly in COVID-19 circumstances, when it must respond fast. Such FI
as digital fabrication of face masks, face shields, and ventilators has spread globally during the pandemic.
The case of Isinnova, which provides 3D print life-saving valves for ventilators in Italy, demonstrates
how collaboration can influence on the quick response in emergency cases. In times of a pandemic when
there was a lack of valves for the ventilators, the start-up printed and distributed valves for critical
patients, which provided sustainable work of critical healthcare department. Moreover, a scuba mask was
adapted for patients with COVID-19 and distributed in Italy and worldwide [86]. Meanwhile, the
collaboration between manufacturers and e-retail platforms using income-sharing agreements can
improve the frugality degree of the development-intensive frugal products [87]. For the ease of
integration of FI into manufacture customisation and optimum production, IT/ICT is seen as a key
element [88].

Research type and methods
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The type of papers is mainly empirical, where the authors used case studies, experiments, and mixed
methods (Fig. 7). The authors explored product design, IT/ICT industries, and resource-constrained
environment. Some of the authors used mixed methods, mostly in the IT/ICT sectors, with a focus on
methodology and supply chains (Fig. 7).

Country focus
Mainly, the blue cluster papers do not focus on a specific country (Fig. 5). We would like to highlight a

strong relationship between the industry focus (IT/ICT) and a global approach, which can be a potential
direction for future research.

Green cluster

Industry (sector) focus

In the green cluster, the papers are mostly focused on different industries (Fig. 4). However, some of the
authors try to present smartphone application for customers’ involvement in the product design phase
[89]. The authors emphasise that FI is targeted at the smart use of all resources. Moreover, in the
European context, the necessity of Fl is high; however, the focus must be on quality and sustainability
rather than on the lower cost [90]. Another group of authors proved the sustainability of FI based on the
assessment of four cases, emphasising the interrelationship between frugality and sustainability. The
authors proved its applicability to a wide area of FI [91]. The combination of frugality with sustainable
innovation delivers new insights for sustainable innovation and sustainable development [92]. FI comes
from the daily needs, local resources, and communities; it has a trend to be inclusive. Sustainable
development requires synergy between global goals and local actions, where Fl is an appropriate tool in
the local context of scarcity that could facilitate the achievement of these goals and trace the future paths
for development [93]. Other authors focused on IT/ICT. All of them have the same components in
common; they introduced practical solutions for developing countries. The authors offer to address
unemployment problems via digital FI [94]. By evaluating the smartphone training model for small
businesses using mixed methods, the authors investigated this model’s usability and customers’ needs;

as a result, the smartphone training pilot application requires better navigation and interface features to
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improve usability [95]. The relation between inclusivity and online transactions based on qualitative
analysis using a case of Zambia was explored by Pesa. Airtel, MTN, and Zoona offer to the rural
communities mobile financial services, which are quick, affordable, and efficient for money transfer.
However, the case suggests franchising relationships, and it was claimed that, on the one hand, they can
facilitate employment and small business, while on the other hand, they can impact the creation of a
“grey” area and new socio-economic discrimination [96]. The COVID-19 pandemic has had a global
impact on the world economy and society; the case study of digital FI explores cooperation with
companies that use flexibility and open innovations to solve problems at the local level. For instance, 3D
printing is an example of FI that provides a fast and affordable response in the context of the COVID-
19. The results demonstrate that experimentation, initiatives, and diffusion of innovations in a clinical
context must be encouraged. Moreover, as Fl is in high demand during the pandemic, local digital
manufacturers with frugal innovative ideas have a high potential to expand worldwide very fast. The
actions of local media in involving the local actors are important for stimulating the R&D activity [97].

Research type and methods
Theoretical papers prevail here (Fig. 6). The major method among empirical papers is a case study (Fig.

7). Papers defined problematic issues of poor communities and offered creative, flexible solutions using
alternative resources and business models [98].

Country focus
The cluster is mainly focused on developed and developing countries (Fig. 5), creating a strong

connection between these two “opposite worlds”; the authors focus on the organisation process for
reverse innovations. FI requires the presence of a frugal mindset in the R&D community; moreover, it
should be located in resource-constrained conditions for a better understanding of the local requirements.
Developing countries must be seen as the main market for frugal solutions, where Western companies
must construct reverse and frugal capabilities, extending their role from innovations adaptor into value-

creator [99]-[102]. The main idea is that a close collaboration process between the developed and
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developing worlds through organisational innovations (customers’ involvement, empowering the
employees, mutual partnership, and product development) could lead to FI with shared benefits.

Peach cluster

Industry (sector) focus

Apart from general focus, this cluster focuses on the healthcare industry and contains publications that
emphasise the necessity of Fl in healthcare for providing practical solutions (Fig. 4). Affordable
healthcare is one of the basic requirements, which is reflected in SDGs. The common idea of this cluster
is to demonstrate findings that make healthcare affordable for every person. However, some of the IT/ICT
FI solutions are presented for the global healthcare market [103]-[106], some of them for local [107],
including the wide area of implementation such as applications for general and critical healthcare,
surgery, eye care, etc. Nowadays smartphone-based software and smartphones are used more often for
skin cancer detection, cataract assessment, oral cancer examination, etc.; authors highlight several steps
for FI implementation in clinical practice [105]. However, in the context of a pandemic and quarantine,
the need for telemedicine and digital healthcare grows; applications and telemedicine could be among
solutions for the people without access to healthcare. Authors highlighted the necessity of early
collaborations between stakeholders, innovative environments, and private and public partnerships.
Authors also identify the differences in distribution and implementation of innovations between
developed and developing countries, where FI could bridge both types of countries and provide
reasonably priced healthcare for all. Authors demonstrate a “guide” for designers of medical devices in
scarce resource environment [108]; it is also shown how to develop affordable healthcare in the USA
through the adoption of FI [103]. There is also smartphone diagnostics using images and sensors as a
universal solution for developing and developed worlds [106]. Digital solutions and value creation for
customers in healthcare became important during the COVID-19 pandemic; telemedicine became vital
for terminal patients and for those that have no access to clinics and hospitals [109]. Up-to-date
approaches and recommendations for Fl are essential in the condition of scarce resources (for developed

countries as well) [107], [110].
97



Research type and methods
This cluster is practical and mostly consists of empirical papers (Fig. 6). The most common method in

the empirical papers is mixed (Fig. 7). The authors demonstrate practical solutions in terms of Fl in
healthcare, which covers a wide range of innovations from business models and intangible novelties to
devices.

Country focus
The main countries are developing and developed (Fig. 5), where researchers demonstrate solutions for

both types.

Light blue cluster

Industry (sector) focus

Most of the studies in this cluster focus on different industries (Fig. 4) and involve a wide range of
research directions. Radjou and Euchner [110] defined the main characteristics of FI, such as
affordability, simplicity, sustainability, quality, and purpose, which companies can achieve using
creativity, empowering employees, and involving suppliers and customers. Development is one of the
important subareas of this cluster, in particular, firm's development according to three types (organic,
acquisitive, network-based) in emerging economies [111], [112]; entrepreneurship and inclusivity [113]-
[115]. FI is often created by local businesses, multinational corporations, social enterprises, and NGOs,
while long-term development is underestimated; future research is encouraged to investigate FI from the
perspective of long-term development strategy. The worldwide crisis of 2008 followed by the COVID-
19 crisis in 2020 increased the need for resourceful and minimalistic frugal solutions, rethinking the
previous statement that “frugal means cheap”. Delivering the maximum benefits with minimum
exploitation of resources, being sustainable, affordable, and durable, this mindset has to be applied and
studied in the post-pandemic world. A paradigm of affordable green excellence of Fl, based on affordable
access, use of natural resources, and pursuit of technological excellence, is essential in dealing with a
post-COVID-19 crisis. FI should move from “cost decrease” to “high affordability”, which could

influence new business areas and the development of FI [115]. Investments of developing countries in

wind energy continue to rise; among the reasons for this are frugal manufacture and efficiency, which
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make “green” energy more affordable. Countries like China, India, and Brazil demonstrate interaction
with foreign actors and international expansion, meanwhile, feed-in tariffs and auctioning schemes boost
the development of FI [116]. The nucleus of Fl is a social aspect; Fl offers inexpensive solutions, expands
consumer opportunities, and provides affordability to the larger society [117].

Research type and methods
Most papers are theoretical (Fig. 6); a lot of them are illustrated by cases (Fig 7), including

entrepreneurship cases [111]. The empirical papers are mostly presented by case studies, IT FI such as
massive open online courses for refugees [118], accumulation of knowledge by Chinese companies
[119], and public healthcare [120].

Country focus
Papers here do not consider particular countries; some papers focus on India, others on African countries

(Fig. 5). The category “not specified” explores the FI phenomena, complementing the resourceful and
sustainable component with higher value propositions [19], where FI is seen as a key to emerging markets
[121].

Aguamarine cluster
The aquamarine cluster focuses on “different industries”, biotechnology, healthcare, and IT/ICT.

Based on co-citation analysis, authors categorise product and service innovations into eight types [122].
The connection between sustainability and FI is explored through literature review and qualitative
content analysis; a positive relationship between FI and sustainability was identified by most papers. The
findings demonstrate that FI is socially and economically sustainable. However, regarding the ecological
part, the authors proposed a new term, “sustainable frugal innovation” [123]. In times of the COVID-19
pandemic, disinfection is a significant element of disease prevention. The robust, inexpensive plasma
devices can sterilise instruments, surfaces, and even water [124]. Such devices could be used against the
COVID-19 spread, despite the geographical location. Besides, 3D printing, which is used in cardiology
for heart disease diagnosis, is necessary for developing countries, but since nowadays the healthcare

systemis limited in resources, it could be used in developed countries as well [125]. This cluster is mostly
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presented by empirical papers, with experimental and case study methods. The researchers are not
focused on a specific country, which demonstrates the universal approach, where the findings could be
used in various countries.

The common research trends by subject areas
Based on the number of publications in different subject areas of scientific research from 2010 to 2021,

a meta-analysis was conducted and the FI penetration index was calculated. The results are shown in Fig.

8.
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Fig. 8. FI penetration index in subject areas of research

Source: Formed by the author

During the period under study, the FI penetration index for the subject areas of research was mostly at
around 0.8. This value is close to 1, which demonstrates a positive result. In 2014, however, a decrease
to 0.732 was recorded. This is due to a more than two-fold increase in the number of publications in
Business, Management and Accounting, as well as a lack of publications in Environmental Science this
year and a three-fold decrease in the number of publications in Agricultural and Biological Sciences.
This contributed to the asymmetry in the context of publications with FI in the researched subject areas.
The FI penetration index in 2021 was 0.801, which indicates a sufficiently wide and even distribution in
many subject areas of scientific research.
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A correlation analysis with the number of publications was carried out to determine the relationships
between the implemented publications with FI in different subject areas. The results obtained are given

in the form of a correlation matrix based on the application of the R programming language in Fig. 9.
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Fig. 9. Correlation matrix of subject areas in the context of publications with FI

Note: EEF — Economics, Econometrics and Finance; BMA — Business, Management and Accounting; SS
— Social Sciences; ES — Environmental Science; Eng — Engineering; En — Energy; DS — Decision
Sciences; Rs — Psychology; ABS — Agricultural and Biological Sciences.

Source: Formed by the author

A significant relationship in the context of publications with FI is observed for Business, Management
and Accounting and Decision Sciences, Environmental Science and Energy - above 0.9. A regression

analysis was conducted to determine the impact of the increase in publications in the studied subject
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areas on the level of FI penetration in scientific research, the main indicators of which are shown in Table

1.

Table 1. Indicators of regression analysis of the number of publications with FI by subject area for 2010-

2021

Indicators (subject areas) Coefficients Standard error t-statistics P-value Bottom 95% Top 95%
Y-intersection 0.688 0.0277 24.85% 0.0016 0.5685 0.80
Economics, Econometrics and
Finance 0.081 0.0516 1.5724 0.2565 -0.1408 0.30
Business, Management and
Accounting -0.416 0.0383 -10.8455 0.0084 -0.5808 -0.25
Social Sciences 0.135 0.0371 3.6390 0.0679 -0.0246 0.29
Environmental Science 0.153 0.0432 3.5396 0.0714 -0.0329 0.33
Engineering 0.888 0.1452 6.1147 0.0257 0.2632 151
Energy -0.018 0.0484 -0.3708 0.7463 -0.2260 0.19
Decision Sciences 0.764 0.0966 7.9126 0.0156 0.3487 1.17
Psychology 0.085 0.0908 0.9310 0.4501 -0.3061 0.47
Agricultural and Biological
Sciences 0.340 0.0788 4.3199 0.0496 0.0014 0.67

Source: Formed by the author

It is not appropriate to form a regression model based on the data obtained, as the P-value for the factor

in the subject area "Energy" exceeds the permissible value of 0.05 and is 0.7463. This indicates that the

modelling is inadequate and this factor should be excluded from the model. The regression modelling

iterations also excluded "Economics, Econometrics and Finance", "Social Sciences", "Environmental

Science", and "Psychology". The results obtained after excluding the factor "Energy" are shown in Table

2.
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Table 2. Regression analysis of the number of publications with FI by subject area, 2010-2021, excluding

Energy
Indicators (subject areas) Coefficients Standard error t-statistics P-value Bottom 95% Top 95%
Y-intersection 0.750 0.0155 48.4815 0.0000 0.7134 0.7866
Business, Management and
Accounting -0.432 0.0511 -8.4556 0.0001 -0.5533 -0.3115
Engineering 0.837 0.0993 8.4349 0.0001 0.6026 1.0721
Decision Sciences 0.638 0.1012 6.3010 0.0004 0.3985 0.8772
Agricultural and Biological
Sciences 0.327 0.0851 3.8396 0.0064 0.1255 0.5280

Source: Formed by the author

Based on the results of the regression analysis performed, a model for the penetration of FI research
across different subject areas can be identified in the form of the following equation:
Pl,; =—0.432-BMA+ 0837 Eng + 0.638'D5 + 0.327-ABS

)
The applicability of the generated regression model is confirmed by a number of control criteria. The
P-value for all studied indicators (subject areas) is within the normative value of 0.05. The coefficient of
determination is 0.94, which also positively characterises the adequacy of the developed model. Student's
t-test indicates the applicability of the model because t,,. = 10.38 exceeds t.,;=2.18. The adequacy of
the model formed is also confirmed by Fisher's criterion, as F.qp; < F (4.12<26.97).
"Engineering™ and "Decision Sciences" are the most influential on the FI penetration index in the
subject areas of scientific research. At the same time, an inverse correlation is observed for "Business,
Management and Accounting". This is primarily due to the fact that in this subject area the largest number
of publications with FI is observed during the period under study. This creates a certain asymmetry in
the volume of publications towards a given subject area and consequently reduces the level of equal
penetration in all subject areas of research.
This research has much in common with the work of other scholars. For example, it takes into account

changes in understanding of FI over time to identify knowledge gaps and lay the groundwork for future
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research in economic development [34], [36]-[39], [126] and [127]. The authors investigate links
between Fl and sustainable human development [72], supply chain sustainability [73], sustainable
production methods of construction [74], as well as the combination of sustainability, diffusion, and FI
[92]. The advantage of the research conducted is its comprehensive approach, which allows one to
examine clusters and trends in research with respect to various variables, such as industry, country,
research methodology, and type of research. We found that clusters were focused on the general
characteristics of FI. In contrast to this study, they are focused on a particular manifestation of Fls. This,
on the one hand, points to the diversity of research conducted on the issue at hand: the intellectual
structure of the emerging field of FI research [38], [128]; success factors, inputs, deliverables [129], and
barriers of FI [130]; the influence of external and internal sources of knowledge [81]; adaptation of the
frugal approach to innovation to overcome the extraordinary pressures emanating from the spread of the
COVID-19 pandemic [97], [126]. On the other hand, these studies show the fragmentation of the obtained
results, which are almost impossible to compare with each other, because they pursue different goals.

Conclusion
Our study demonstrates that during ten years, clusters focused on FI frameworks and phenomena and

had mostly general approach. Many papers are empirical and mainly presented by case studies in IT/ICT,
healthcare, manufacture, and product design. Fewer research papers focused on finance, multinational
corporations, education, construction, engineering, and food. Therefore, the study demonstrates a near
dearth of Fls in such industries as agriculture (livestock, dairy, fishing, wood, horticulture); manufacture,
textile, chemical, petroleum, mining, metal production; service, hospitality, food retail, tourism, and
sports industries. For future research, we recommend to pay more attention to the above-mentioned
industries/sectors, which require sustainable and frugal approach. The research into these industries could
bring a lot of practical and theoretical insights. Results showed surprising research activity in the nuclear
and space industries. A special feature of the study is the use of a comprehensive approach that allows

the study of clusters and research currents depending on various variables, such as industry, country,
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research methodology, and type of research. Based on the methodological framework used, it was found
that the clusters formed during the study period showed general characteristics of FI. At the same time,
in comparison with the given research, they focus on a certain aspect of innovative activity. This allows
one to note, firstly, the diversity of studies devoted to the range of topics under consideration and,
secondly, the fragmentation of the achieved results, which can hardly be compared with each other,
because they solve different problems. The conducted research provides an opportunity to link different
directions into a single spectrum and identify areas in which the problems of innovation have been
insufficiently studied. In the long term, it will allow researchers of Fls to master new ways and identify
new reference points and starting points in other scientific cross-sections devoted to FIs. Regarding the
country focus of research, besides the developing countries and India, there was a growing interest in
developed countries. For future research, we suggest drawing more attention to the developed countries
highlighting practical implications in various sectors and industries. In addition, our research delivers
useful insights in the FI domain; qualitative analysis with bibliometric techniques provides a synergy
effect, which permits to present the map of FI in a more accomplished way. The study assesses research
trends in FI and covers many publications, providing a comprehensive vision of the research domain.
Our theoretical contribution reflects the gaps in academic literature, showing the top research trends
during the decade. We structured the information on FI during the decade, constructed a scientific map,
presenting the synthesised information of the previous research. It could be useful for technical, medical,
and social scholars. We found that FI could solve social and economic problems of society including in
developed and developing countries, with a sustainable approach. The scientific contribution of this study
is the proposed Index of FI penetration in the subject areas of publications. It has provided an opportunity
to diagnose the level of penetration of FI into the subject areas of research and to confirm a fairly broad
and even distribution of FI in many subject areas of research. An asymmetry of publications in the subject
areas of “Business, Management and Accounting”, “Environmental Science” and “Agricultural and

Biological Sciences” was identified over the study period.
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A meta-analysis of the bibliographic relationships of publications in the context of subject areas based
on correlation analysis and regression modelling has identified the most influential areas for FI
development, among which are "Engineering" and "Decision Sciences". The advantage of the proposed
approach is the possibility to diagnose the asymmetry of publication volumes in a particular subject area,
which has a significant impact on the level of equal penetration in all subject areas of scientific research.

We suggest for further research to focus on Fls use or could be used in the COVID-19 pandemic, which
might be useful for policy makers, scholars, and practitioners when determining further actions with
COVID-19. Moreover, future research is encouraged in terms of IT/ICT together with healthcare
industry, as many FI solutions cross both these industries and might deliver a lot of practical instruments,
which could be used to fight the COVID-19 pandemic. Furthermore, further research according to the
time frame could bring a lot of insights in terms of the development, evolution of the domain, and its
practical implications.
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relevant for management scholars and practitioners interested in frugal innovation. The paper's critical
literature review, based on bibliometric analysis complemented by content analysis, provides valuable
insights and guidance for researchers interested in frugal innovation in the management field. The paper's
publication in Astra Salvensis further highlights its significance in contributing to the field of frugal

innovation research, specifically within the realm of management.

Abstract. The last decades topic of frugal innovation attracted the attention of scholars and practitioners.
The introduction of something innovative in resource-constrained conditions represents a challenging
issue. The developing countries were the prior focus of research; however, there is rising attention
regarding the countries with developed economies as well. Thus, due to the interest and lack of
systemised information on this topic, this study aims to clarify and to analyse the significant findings
from the current literature on frugal innovation. The aim of the research is to present a comprehensive
bibliometric analysis complemented with a perspective of theoretical review, based on the data that
incorporates the research papers including the term of frugal innovation from 2010 till October 10, 2019,

which clarifies the present-day focus of research in this topic and summarises areas of research. In doing
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so, we carried out a bibliometric analysis and analysed 238 publications that have been published since
2010 till 2019, along with the theoretical review, based on the insights identified from a group of top-
cited articles on frugal innovation. We organised and synthesised 47 papers according to the sector
(industry) focus, type/ method of research, country focus, and focus of research. Thus, we estimated the
evolution of past research and used the key findings to outline future research pathways.

Keywords: frugal innovation, economical improvements, publications, information, literature review,

analysis.

Introduction
A combination of bibliometric analysis with a theoretical approach delivers the synergy effect for

research of the scope and conceptualisation into this kind of innovation. In our research paper, we present
the bibliometric analysis of the academic discussion on frugal innovation, since bibliometric indicators
can reflect necessary and important facts-based insights, decreasing the subjective factor of research
activity (Moed et al., 1985), while the theoretical literature review is used to assess the prior research
(Tranfield et al., 2003). Few attempts were undertaken to present bibliometric analysis on frugal
innovations, among of them authors R. Tiwari and K. Kalogerakis (2016), C.T.S. Tatum and S.L. Russo
(2020), while V. DAngelo and M. Magnusson (2020) were focused on intellectual communities,
meanwhile the sectors were not considered. Our research presents also, the insights of the top-cited
publications considering the sector (industry) focus, type/ method of research, country focus, and focus
of research. Hence, the relevance of the period 2010-2019 is justified by the increasing number of
publications year by year. Moreover, the term “frugal innovation” was under discussion during these
years, and was reconsidered significantly. Initially definition was aimed at developing countries,
countries with low incomes, and further at developed countries (Zeschky et al., 2014a), while the

perception and criteria of the definition changed significantly.
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The origin of the concept has been addressed to the “emerging economies”, especially India. The
etymology of the word “frugal”, (XVI century); from Middle French frugal, also frugi “useful, proper,
worthy, honest, temperate, economical”. Different authors consider frugal innovation with diverse
perspectives. Among them, Radjou et al. (2012) defined it as “fail cheap, fail fast, fail often”.
Furthermore, frugal innovation is based on affordability, accessibility, availability, and sustainability
(Varadarajan, 2011; Radjou et al., 2012). However, it is important to highlight that frugal innovations
contribute to sustainability (Hossain, 2020). Due to its sustainable feature, the definition of frugal
innovation also overlaps with “responsible innovation” (van Beers et al., 2020). Frugal innovation is the
reconsideration of business models, reconfiguration of value chains, and redesign of products in order to
save resources and serve the inclusive markets in constrained conditions in a sustainable way (Bhatti,
2012). The phenomenon may be described in different categories, dimensions or avenues of research:
first, frugal innovation aims at customers with low incomes as co-creators of solutions, target groups and
satisfaction of the primary customers’ requirements without complexity (Zeschky et al., 2011); second,
the obtaining sufficient level of taxonomy with low R&D investments by adapting product management,
production, and development (Bhattacharyay, 2012); and, finally, provided solutions may be used for
developed countries.

The aim of the research was to present a comprehensive bibliometric analysis complemented with
a perspective of theoretical review, based on the data that incorporates the research papers including the
term of frugal innovation from 2010 till October 10, 2019, which clarifies the present-day focus of
research in this topic and summarises areas of research.

Materials and Methods
However, so far, a lot of scholars have focused on the determination of the term, trying to define

its relevance for business in the context of consumers in developing countries (Tiwari and Herstatt, 2012;
Radjou and Prabhu, 2015; Ramdorai and Herstatt, 2015), and developed countries. For instance, N.

Radjou and J. Euchner (2016) argue that frugal innovation provides solutions that integrate five key
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variables: affordability, simplicity, sustainability, quality, and purpose (Table 1). T. Weyrauch and C.
Herstatt (2016) claim that it must lead to a significant decrease in expenses, focus on the key features,
modify output level. However, the optimised performance criterion, such as geographical location has to
be adapted, since it is strongly related to the customer. Also, the characteristics may be distinguished into

three major groups: market; product; and business (Sjafrizal, 2015).

Table 1. Different criteria of frugal innovation

Variable, criteria and perspectives identification Authors

Five key variables of frugal innovation Affordable price; Incomplex; Ecological friendly; Good enough | (Radjou and Euchner, 2016)

quality; Clear purpose;

Three criteria of frugal innovation Significant decrease in expenses, focus on the key features, | (Weyrauch and Herstatt, 2016).

modify output level,

Combination of characteristics Unserved market with a constraint on resources; (Sjafrizal, 2015)
into 3 major perspectives Products with low cost, high reliability and using state-of-the-art
technologies;

Effective business model with a razor-thin profit margin;

Source: Author’s preparation.

The base of frugal innovation is good-enough innovation but targeted on resource-constrained
environments, providing a new value proposition, however lately it also targets the economically
developed world (Zeschky et al., 2014a). The concept has also been recognized due to the fact of the
limitation and less exploitation of resources. The data used in this work were extracted from the Elsevier

Scopus database. The search was conducted on October 10, 2019, and consisted of filtered publications
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that had the phrase "frugal innovation™ in its title, summary, or keywords. Two hundred thirty-eight
documents were obtained: 136 articles, 50 conference papers, 15 book chapters, 13 reviews, eight notes,
five editorials, four short surveys, three books, two conference reviews, one type, and one indefinite
document. The period of the publications ranged between 2010 and 2019. The information obtained from
each publication includes such data as, publication name, author(s) and their affiliations (institution and
country), year, source of the publication, summary, and cited references. The visualization and analysis

were performed by Microsoft Excel, then VOS viewer.

Results and Discussion
The outcomes presented in Figure 1 reflect the increase of information in terms of frugal

innovation. From 2010 (n = 1), the number of publications is increasing in the following period at the
sustained rate, in 2012 it appears 5, 2013 rises to 18, and continues with the growing trend in the
subsequent years to date (2014 — 24, 2015 — 27, 2016 — 43, 2017 — 35, 2018 — 61). Each direction has its
own progress, as was mentioned by Dereck J. Solla Price in 1956 about the exponential growth of
scientific information which claims that existing global information doubles rapidly every 10-15 years

(Ardanuy, 2012).
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Number of publications

0
2008 2010 2012 2014 2016 2018 2020

Years

Figure 1. Yearly distribution of the number of publications
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In total, 159 different authors were identified, 87 of them have only one publication, 45 have two
publications and 27 authors have three or more publications up to a maximum number of seven

publications, such as D. Mourtzis, Figure 2 presents authors that have the highest number of publications.

Top-5 of authors with the highest number of publications

Urgo, M.Politecnico di Milano, Milan, ltaly

Prime, M./Imperial College London, London, United Kingdom
Ndé-Tchoupé, A.l./University of Douala, Douala, Cameroon
Leliveld, A./Leiden University, Leiden, Netherlands

Krishnan, R.T./Indian Institute of Management Indore, Indore, India
Knorringa, P./Institute of Social Studies, Den Haag, Netherlands
Jagtap, S./Blekinge Tekniska Hogskola, Karlskrona, Sweden
Haudeville, B./Aix Marseille Université, Marseille, France

Gassmann, O./Universitidt St. Gallen, St Gallen, Switzerland
Chan, Y.E./The Stephen J. R. Smith School of Business, Kingston,...

Bhatti, Y./Imperial College London, London, United Kingdom
Ahuja, S./The Stephen 1. R. Smith School of Business, Kingston,...
Agarwal, N./Friedrich-Alexander-Universitdt Erflangen-Niirnberg,...

Zogopoulos, V./Panepistimion Patron, Patra, Greece

Rao, B.C./Indian Institute of Technology Madras, Chennai, India

Harris, M./Children's Hospital Boston, Boston, United States

Halme, M./Aalto University, Espoo, Finland

Colledani, M./Politecnico di Milano, Milan, kaly

Vlachou, E./Panepistimion Patron, Patra, Greece

Noubactep, C./Universitat Gottingen, Gottingen, Germany

Maussion, P./Université de Toulouse, Toulouse, France

Brem, A./Friedrich-Alexander-Universitit Erlangen-Niirnberg,...

Baekelandt, J./Imelda Hospital, Bonheiden, Belgium

Hossain, M./Alliance Manchester Business School, Manchester,...
Bernard, A./Ecole Centrale de Nantes, Nantes, France

Belkadi, F./Laboratoire des Sciences du Numérique de Nantes,...
Mourtzis, D./Panepistimion Patron, Patra, Greece
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Figure 2. Top 5 of authors with the highest number of publications

In Figure 3, the 72 authors who published at least two documents are represented below, generating
a total of 28 different working groups. The most significant workgroup is represented by red colour and
made up of 8 elements, the following two groups are formed by six authors, one is green and the other is

blue. It can also be observed that this blue group is the only one that is linked to another purple one with
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five authors. The yellow group appears to be more substantial, it contains five elements, but the first two

groups are not connected with other workgroups.

Each circle represents an author in this network that has at least two publications. The dimensions

of the circle indicate the number of research papers per author, while the linkages, collaboration between

authors. The colours indicate the cooperation cluster. The analysis was performed with VOS viewer.
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Figure 3. Co-author cooperation in frugal innovation research

The 238 documents found on frugal innovation, in 122 diverse sources, among them, journals,

conference papers, books, which stands for the diversity of approaches in this field. Figure 4 shows the

Top-5 of the sources with the vast number of articles published on the topic, with the European Journal

of Development Research on top (n = 9), followed by Journal of Cleaner Production (n = 8), CIRP

procedure (n =5) and Sustainability Switzerland (n = 5). According to the indexes of citations, the highest
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ranking has Journal of Cleaner Production, n = 7.32), the “Scimago Journal Rank” (SJR), that estimates
the impact factor according to Scopus database, the “Source Normalized Impact per Paper index” (SNIP)

including the study area of the journal.

Top-5 of the most efficient journals published on
frugal innovations

Technovation/Engineering; Business,
Management and Accounting

Research Technology
Management/Engineering; Business,...

Journal of Minimally Invasive
Gynecology/Medicine

|IEEE Engineering Management
Review/Engineering; Business,...

Gynecological Surgery/Medicine

Current Science/Multidisciplinary
ACM International Conference Proceeding
Series/Computer Science

Technology in Society/Social Sciences:
Sociology, Political Science; Education;...

Mondes En Developpement/Social Sciences;
Econometrics and Finance

Journal of Indian Business
Research/Business, Management and...

Globalization and Health/Medicdine;
Environmental and Occupational Health

Sustainability Switzerland/Social Sciences;
Environmental Science; Energy
Procedia CIRP/Engineering
Journal of Cleaner
Production/Environmental Science;...

European Journal of Development
Research/Social Sciences: Development,...
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SNIP 2018c **** mSIR 2018b *** ™ CiteScore 2018a** ™ Number of publications

Figure 4. Top 5 of the most efficient journals published on frugal innovations

Note: ** “CiteScore” estimates mean citations obtained per scientific paper in the serial; *** “SCImago
Journal Rank” evaluates weighted citations obtained by the serial. It depends on the subject area and
prestige (SJR) of the citing serial; **** “Source Normalized Impact per Paper” evaluates actual

citations obtained relative to citations anticipated for the serial’s subject area.
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The countries and affiliated institutions are indicated according to the Scopus database. 47
countries or territories were identified, and 13 publications appear with an indefinite allocation. Figure 5
shows a worldwide distribution. It is observed that 40.42% (n = 19/47) of the publications appear in the
European continent, followed by 23.40% (n = 11/47) of the Asian continent, 17.02% (n = 8/47) in the

American continent such as in the African continent, and 2.12% (n = 1/47) in Oceania.

Nuev.
Zeland:

Figure 5. Frugal innovation publications distributed by country

Figure 6 shows the most productive countries on frugal innovation. The leading countries are India

(46 publications), United States (39 publications), United Kingdom (29 publications), France (28

publications), and Germany (26 publications).
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Figure 6. Top 5 effective countries in frugal innovation

Note:* Countries which produce equivalently have the same score number.

47 countries were identified, ten of them are not related to any working group. The rest is
represented in the following figure 7. The remaining 37 countries are all linked to each other, forming
nine different working groups. The group with the highest number of members is the red one with eight
countries (Canada, Finland, Kenya, Netherlands, Rwanda, South Africa, Sweden, and Vietnam), the next
group indicated by the green colour, formed by six items (France, Cambodia, Greece, Italy, Tunisia, and
Turkey); the blue group shaped by five countries (United States, Venezuela, Switzerland, Slovakia, and
Colombia). The yellow group is represented by four items (Germany, Portugal, Brazil, and Belgium) and
the purple by (China, Tanzania, Zimbabwe, and Cameroon). Australia, India and Norway are indicated
by aqua colour; United Kingdom, Qatar, and Nigeria are presented by orange colour; Denmark and Spain

are indicated by coffee colour, while Japan and South Korea by pink colour.
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Figure 7. Collaboration clusters according to the countries and territories in frugal innovation

The dimension of the circle stands for the number of research papers, and the linkages, for the

strong point of the cooperation. The colours identify the cooperation groups. The results showed 160

different institutions of authors’ affiliation. It is observed that 55.62% (n = 89/160) of the institutions

appear only once, 26.87% (n = 43/160) appear twice and 17.5% (n = 28/160) appear three or more times.

Figure 8 shows the Top-5 productive institutions on frugal innovations.

Number of publications

The Stephen J. R. Smith School of Business/Canada
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Aix Marseille Université/France

University of Douala/Camercon
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University of Oxford/United Kingdom

Aalborg Universitet/Denmark

Leiden University/Netherlands

Kultur und Nachhaltige Entwicklung CDD e.V./Germany
Cambridge Judge Business School/United Kingdom
Laboratoire des Sciences du Numérique de Nantes/France
Université de Toulouse/France

Indian Institute of Management Bangalore/India
University of New South Wales UNSW Australia/Australia
Politecnico di Milano/Italy

Erasmus University Rotterdam/Netherlands
Massachusetts Institute of Technology/United States
Imperial College London/United Kingdom

IBM Research/United States

Delft University of Technology/Netherlands

Universitat Gottingen/Germany

Indian Institute of Technology Madras/India
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Figure 8. Top 5 of the most productive institutions on frugal innovations

1

w

2



Bibliographic coupling analysis occurs when two publications refer to a third common paper in
their bibliographies. It would be presumed that the larger number of references in common have two
publications, the more significant thematic relationship will be between them.

Of the 238 publications, 15 relevant working groups are generated (with more than two articles up
to 36, the largest); that means that among the production of frugal innovation topic, 15 bibliographic
aggregations have been generated, and each of them shares common references. Figure 9 is the result of

the most interconnected workgroups.
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Figure 9. Bibliographic coupling analysis

On the grounds of the title and abstract analysis of the research papers in the largest clusters, a

relevant mark defined. The yellow is the major one and refers to the field of frugal innovation mainly
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related to health, IT, energy, and generally focused publications. The green colour refers to the practical
solutions, introducing cases of frugal innovations in different industries, while the orange cluster
represents publications on engineering, ICT, advanced frugal innovations, product design. The authors
in the blue cluster are concentrated on business strategies, management, and sustainable development in
terms of frugal innovations. The purple cluster is more practical and strongly focused on the healthcare
industry, whereas the pink cluster is focused on small business, economic development, and investments
in terms of frugal innovations.

The citation analysis provides the number of times publications/or authors have been cited by
others in Scopus. In total, 1392 citations have received the 238 documents found; nevertheless, by
subtracting the self-citation, there are 1102 total citations, which would mean that on average, 4.63
citations per document. This part includes synthesis and analysis of the research conducted by a group
of top-cited articles in frugal innovation, which includes 47 articles (Table 2). In addition to the
identifying data of the articles and the reference to quotations, topic, industry (sector) focus, type of

research paper/method, country focus and the main focus of research are considered.

134



ted publications on frugal innovations

ip-ci

Table 2. Analysis of t

ssauIsnq

9UO0 uowwoo

S9I1WOU0d9

salunod Burdojanap suoreAouul
|eal  jJo  slojpe ayy juswsaldwod  [Im . padojanap
) uo snaoy pue ‘Ajjiqeureisns | ebniy uo
pue siauonnoeld ey} ‘sajdwexa uo paseq . pue
uoneonsiydos | uomsod  Buipes|
1o} YoM suoneAouur |ebniy  Jo Buidojanap
AouaIo1yyns ayy 0} 01 Buipiodoe >pomawesy | e yum Aiunodese
awrI4/sayoeoldde ssao04d ay1 Buizijewoy 1o} |nyasn aq
yoJeasal apn1ie 1981109 ay3 186 03 Japio ul ABsjens Jemdaouod ay 0 BIpU|/SUOITRAOUUI
10 sIsA[euy/adAy 104 sadAy  Buijquissal . pINoY  yaiym
10 snoo4 Jadoud jo uomuya@piomawel) ssauisng uononpoJu| uonealyiuapl | [ebniy jo Buibiswa .
lebniyy 01 pajejal ayl Jo  uoneUIWEX] aseayyeay
3|qeurelsns Jo Juawa|a Aay e se Aoualolyns 118y pue suoneAouul efniy | o1 spes]  pue
suoneAouul /ssauanndnisip ur  uomnnjos
10 suomuyap Buljquiasal | e1pul uo aduanjul
Jo sadA} snouea JO SWJa} Ul suoneAouul [eao| [eanoeld
ay) jo Arewwns a19|dwod | eyl suoseal
3yl JO uoIssSNasIp -jebnuy Jo sadA1 Juaiaplip e Bunealo
B JO uoneuasald Byl | JO  JUBWISSASSY
pue sIsAjeuy 10 uoneIIIUAP| uo  pasnoo4
snaoy Anuno) paijioads 10N salunod padojanag paijioads 10N paiji0ads 10N eIpu| paiyi0ads 10N
.
S31pNIS ased uonanpap _ SISAUIUAS
) \ SISAUIUAS ‘Malnal ‘MBIA3I
yoJeasal Jo 10SalJas e pue uonanpul ‘sISayIuAs \ :
Apnis ased /jeondwy Apnis aseg/eouidwy \ alneiall| ‘sisAjeue ainyesan|
poylaw /adA | MB3IA3I aInjeIall| M3IA31 3Injelall| :
/leaundw3 JAiojeloldx
/reaundw3 /lenidasuod /jesanaloay |
3/[eanaloay |
Jamoeynuew (1oundun,)
y juawdinba ‘a|o1yaA ‘1ain1oeinUEW S9IIIYBA
snaoj (Ansnpur) sstisnpul walsAs Juswsfieuew Juswnoop ssLiIsnpul Juassylg saLIsnpul Jualaylqg J1arepn /ABisug aleayieaH
103085 walsyld ‘Jaimoegnuew Jesb spods ‘Jainioenuew /swasAs Bu10o)
Buiyolo “JainoeinueW aINNUINS
J1eak Jad uoneld . . . . . .
obelany 0zt 0061 00'8 08'L 00'S 099
S1l0 |el0 L 1. 1S 8 6€ g€ €e
JuawBeUe suonisuel diysinauaidanu Y1easay BaH pue
31l Jeuinor ABojouyoda] fisuelL A1190S Ul ABojouyds | .: W3 ssauisng LIESH P
[e19190S puUe UOIIeAOUU| [BIUSWIUOIIAUT pue uoireAOUU] JO euinop uonezijeqo|o
yaoJeassy uelpuj Jo jeuinop
suofeaouul suoneAouul suolreAouUl suonenoul aJed yyesH
[ebnid | uoreAoUUI [3poW : : : : Jebni4 |
oido]. siosptew BuIBIawI ssouisng | Al1snpu | [3pou sseuisng bt 1ebni4 | s1exeW bt |ebni4 | s1axew s1osptew BuIBIaWS | swoou
| uoneAouu| uiblaw3 | uonreAouu| uiblaw3 | uoireAouu| | uorreAoUU| | uyreaH
(evTOCT . . (v10C (zT0Z ‘MesioH .
sloyny “le 18 AqUosaz) (9702 "Moys pue usx0gd) (70T ‘0BY) ‘WELJOM pUE WaJg) DUE Liemi [ ) (¥102 ‘dsud)
ssauaANIaduI00 s1ayew Buibiawa )
1eqo|b Joy ut uswdolanap 1onpod suoreaouul £IXaU a1aym
suonealdwi pue . ) ; |3A3p 1P EVNILEITE] -uoireAouul
saniunuoddo pue saousLiadx3 :japow ¢lebniy MaU Jo} sa1bojoulwial
2L Juswinaoq pioy auj buddeny SSaUISNQ USALIP-AJUBIJINS B SPIBMO st anidnisip mo 0 uoIINpoAUI 1509 10} enusiod asianal
:uonreAOUUl 1Snq UsALIP o P 1 S P MOH -dn Eho:o 5 HvES. 19)ewW pes) pue Bulutes|
9sI9A8) pue [ebinyy a2y 4 s;eIpuj Buissassy lenin\
Juswdojanap pue ydaeassy
033509 WwolS
* ON T [4 € 7 g )

135



suoreAouul [ebn.y
10 s10108} Asy apinoud
0} JapJo Ul SOIWOU09d
JO S2ISeq JlWapeIR Uo
pasnoo4  'suoleAouul
[ebniy  Jo  s|eng|
pue souofaed  ay)
saysinbunsip  Joyine
3yl ‘uoneaouul [efiniy
nogqe abpajmouy|
Asx 8y} 10 jBWYINS

Aujigeded uorreaouul
jo Buipping ayr uo
JoedWi Ue 8ARY PINOM
pue 1onpo.d 1o a91AI8S
18bpng Buronpo.ud
ur uonnjos e apinoid
pinom  Jeyy ssadoud
e Buneal) ‘sanijiqeded
uoneAouul  Buipjing
ay) Jo (oueN ,SI010N
ele] ) ased Alojelojdx3

s[eLIeew a|qe|Iene

woly sjonpoud

anIsuadxaul
‘leaiBoj028  81eald
ey sassaulIsng
Jo uoneuIwexy
“elpuj ur

SUONIPUOY  82IN0Sal
90JBOS Ul ssauIsng
JO saIpnIs 8sed Ino4

suofeAoUUl
aslanal J0 sw)
Ul SaLISNpul  SOIUOAIB|D
pue aJeoyesy 8yl Jo
suonesodiod euoneunnw
Ul gpuey [euoIRUIBIUI B}
10 uonesiueblo Jo ss320.d

juswdojanap
a|qeureisns Jo
uoleN|19e4/uoieAOUUL
aslanal pue [efniy Jo
SWiIB) Ul [apow ssaulsng
ayy  Jo  uonduosap
pue uonesiwalisAs 8yl

suonel0diod [euoreulNW
uewsss  Jo  saonoeid 8yl
10 sIsAJeue pue UoIBAOUUI 3SI3AS)
pue [ebniy jo uonenualayIq
'S$9111UN0J Buidojanap
ur  suonelodiod  JeuoneuRNW
10 1UBWYsI|qeIsa pue sayoeoiddy

BIPU| Ul SUOITRAOUUI
10 saysinbalaid jo
uoneulwiedA/eIpu|
ul suolyeAouUl
jo Aosiy eyl

S31IUN0D S31JUN0D bUIAO[aASP
paiy10ads 10N elpu| elpu| Buidojanap pue padojanag pue padojansd BUIYD fe1pu] /AuewlaD elpuj
uonanpap (ws1)
‘uononpul ‘sISayluAs Apnis Burjjapow eanyonans
MOIADY INTEIAN] /| Apnis asedy/eaudwy ase5 /eaudws Apnis ased /jeauidwgy Apnis ase) Jjeaudwg Apnis ase) Jjeoundwg annaidiaul
en1daouod/|eanaioay | /reoundw3

SalISNpul JUaIaY! AAIIOWOINY/S3I1Y3, [2AmInoLBy SO1U0.193[T / 8JedY)|ed satisnpul co_ymhmﬂqwoﬁw%%ﬁw:: SaIIISNPUI JUBIBYI
Hsnpul Ha ! V//SIIYBA /ABiaug /oUsIBAH ! 13/ WesH WBILIA /IesH ! D |euoneunniN Hsnpul H1a
/saLisnpul uaiapia
08'S L9V €E6 00°'S 05¢T Ev'e 009
6¢ 8¢ 8¢ 14 14 ve ¥
sBuipaadnid 89ualauo - 2102 YoJeasay
yaseasay ssauisng (puelaz1IMS) juawabeuey ABojouyda uononpold 391 ‘uoneAouu] pue ABojouyds | pue uoireAouU|

uelpu| o Jeuinop

uoneAOUY23 |

Aipgeureisng

1O [euINO( [eUOIRUIBIU]

J1aues|) 4o [eunop

‘BurigsulBbul uo aduaIBLU0D
[euolreuIBIu| YI8T Z2T0Z

ssauisng Jo [euinop
[euoieUIBIU|

siabeuew

suoneAouUl UoIeAOUUI BAISN|OU| sastidiaiua jeuoreun NN | suoneAouul aIDDIN | UoNoaX
1ebni4 | s19pJeW suuy JawooateT | | ABojouyoa] | suoires0diod feuoneunR N 1ebni4 | s1exeWw suotenouul ebnig IPPIA | Ul d 3
uoneaouu] | dn-yazed | s19xprew Buibiswig | uoneaouu| | uoneluswa|dwi
Buibiaw3 | uoreAouu| ; | uonreAouu| | saLreIpIsqns Buibiaw3 | uoneAouu| : ; ABarens
(10T (9102

‘UBUYSLIY| pUB 1UOS)

(eT0Z "o 30 WIT)

‘JexJes pue eIasued)

(avT0Z e 18 Ayosez)

(LT0Z ““Ie 12 ©2S0Y)

(z10Z ‘waig pue jemreby)

(5TOZ “1e 18 A8gnq)

Aanjod

a1gnd pue ‘sanoeid
‘K10ay1 Buubiy
:uoneAouul [efini4

s1axsew efaw

pua JAMO| paAJasun
104 uonreaouul ybnoayy
Buipiing Aujigeded

sinaualdanua
sjoo.ssesp

JO suoneAouul
1ebni4 :suonnjos
Juswdojanap
a]qeureisns Bunyeld

uoneAouul 1npoid
1ebnuy Jo 8104 8y L :SONI
UJBISAAN Ul UofeAouUl
asJanal 1oy Buisiuebio

SAIINIBS
pue syonpoud efiniy

10 sisAjeue [eauidws ue
— uoIeAOUUI 3|qRUIRISNS
10} S|apow ssauisng

BUIYD pue elpu] ul NI
uewIa9) e woly sybisur Apnis
aSed pue M3IAIBAO 3Jnjelall]

- uoIreAOUUI 3SJ13A3) pue [ebni

diysuonejal
[enIxajuod

pue uolleAouUl
JO SJUBPadBUY

8

[

[

136



awdojanap . (EN0)
yoJeasal SUOIIPUOI $32IN0SA uonnquisip anssnjoul Juswidojanap JssaLp
alnyesal| snoinaid 10 sioplouaxrls | 2E9S Ul pasn [euopeusaiul | BUIEIIIoE] slqeureisns | e
Aq pauoddns J0108s o1jgnd | uonesiueblo  pue endso _mhouu_o: v__ws oS|e aq p|nod pue | pue ‘aourlsIp :wt uor S.wu c“ Janlap pue Ausnod w Emc._ml
‘ale A3yl [enuasse | ayl Ul suoleAouul MBaIAaI/sassao0.d [Endsoy 's10100p um S109)J9 9SI9ApR SS9| ‘SSAUS0D 4 UONEOD| P 3yl asealoap pInod s_y :
. smalAIdul Buionpuod , . awn Jadosd oy suoleAouUl
Moy auldIpaw | uo joedwi | pue swialsAs Bno LOTEAGUUI sapinosd uoneAouul | ‘[eaol SWIod | e o1 samio i | TP saluedwod ayp b e
u1 suoleAouul [ebnly | pinom yeyy saonoeld uolreAouUl yonoiuyy " - ayl/Aiebuns | unoy  BuiAnuspl } 19pI0 Ul JO suonenwl| pue [eony - p
|ebniy  Jo  UOISIA , suolreAouul jebniy Aljgeureisns
J0 sadA) juasayip | pue  sespl A3y | Jo suiay | o Y S 1e2160]0299_UAR uonnqusip | seosdde | S iunpoddo sy 190S
10 ANssa0aU | aWos Jo uomuysg | Ul suonrmmsul pue wE ouco_ % u.g 5 Ul uopeaouur [ebniy | uoneAouur [efiniy ) Mo_ wdwa | noge sayoeo.dde cmw o
ay1 Inoge uoissnasiq soruedwod s erpuy w4 foalal BuL Jo Aupigeonoesd ayy | Jo spuiy snotea 10 b_wwhow.c ; ay pue ainjesall) aexul| EM,M
wouy sybisu| J0  uonessuowsq | jo uonesojdx3 Sogm. uoIssnasiq 1SeA Jo  sisAjeuy J0 po_zeo
EL[JENETY S3IIIUN0D S3IIIUN0D
paijioads 10N paijioads J0N eIpu| salunod Buidojanag paijioads 10N pue Buidojanag Buidojenag paiyi0ads 10N Buidojanag
TTOTFIT
uonodNPap ‘uonanpul ,co:u:umu _co:o:um_o uonoaNpap ‘uonanpul . sishfeue sisAjeue _co_uoszn uonodNPap ‘uonoNpul ‘sisAfeue
) ) uonanpul uonanpul \ uostiedwod ) uonanpui ) ‘MaInal
SISaYIUAS ‘sisAjeue ) . sISayIuAs sisAjeue \ uostiedwod \ SISaUIUAS sisAeue
‘Mol BINEIAN] SISAUIUAS sIsAjeue SISayIuAs sisAjeue MBIAG) BINEINN UOITRAISSC0 “Apmis SISaUIUAS sisAjeue MBIAGI BIMRISI aImesall
: ; ‘MBIABI BINYeIaNT] ‘MBIABI BINYeIaN ] - ; ‘Juswiiadx3 P ‘MBINSI 3INJeId : ; A
! ! ! ! ! | 1 pnis ase)
/[eonaioay /leanaloay L aseD /leouidwy /leanalosy L
/lednaioayl /lednaiosyl /reoudw /lednaloayl /leaundw3
EYCRITTEE] S JERIINES
/ 901AIBS [e1oueUI4
aleayieaH saLsSNpul ualaylg sstasnpul aleaylfeaH aleayleaH [eroueuld /ABieug \wo_EwM_m_o%c_”_ SaLISNpuUI Juaialg Jauoyd
walania JOAOWOINY fauoyad 3)iqon 3190\
JswiarsAs Buijood JAB1aug
002 00y 0Sv €8¢ 00y €e'g €e'g L9V L9V
T¢ 0¢ 8T LT 9T 9T 9T T T
Juswabeuey JuaLIaBeUE uoneziuehiQ yyesH >wo_oomc>o JSETRIS d Yo1easay uswuosAug | (puepazims)
ue Asuop a1jgnd 40 Jeuinor PO a1 10 unajng SAISeAU| AjlewWIulN ur ABojouyda juaLidofenad 4o pue uoneziuefio | Aujiqeureisng
P : 2141984 BISY : JO Jeulnor : Jeuinor ueadoin3 T A
uonelpAyal dourUSIUIRW uswivads 8910 suoleAouUl uoleAouUl uonelAs|e [ebni4
SnouaAe.U| S80IAISS paist] otiand uswdinb3 | | AdoasouedeT | [ebni4 | anIsnjau| Auanod | prwesAd | s)esqew
| Adesayy pinyg | 2Mand| co:o:%ohn_ | semonnselul | o deory | quswdinba | Assbing oidoosopug | siextew BuiBisws | ABojouyda L ayy Jo wonog | Buibraw3
| sn1aUS0.SED) |uononpoid-03 | [eanud | sprezeH [eatpaworg 39110 [eINEN | uoreAouU | uorrenouu] | pruwesAd ayp o sseg | uoryenouly
‘oljeAouU
(o10Z (€T0z_ofienoul (910Z (9102

‘pneAey pue uel])

(yT0Z ‘AopeH)

(STOZ “12 18 JIBN)

1ebni4 aauQ
saiwou0d3 Buibiew3)

(STOT "e19vioRg)

““|e 18 UIessoH)

“1e 19 eBULLIOUY])

(9T0Z "B 39 LEH)

(910 ‘Uey)

uoteAouu! suon2aIIP 31NN Aworsiaisii suoleAouUl ;, SALIBSIN uswdo|ana Aunigeureisns

sBumas 821nosal 1ebnuy ayeinwins hoauIp 4 ‘uoleAouUl 0} yoeouddy maN : : e PV ! 19/ |e100s
pue yaJeasal 1sed ! 1ebnuy Jo susaned 10 saply a|qeuleIsng

O] 104 BUIdIPSW 03 suonisodoud 0 MOINGI \/ “BIDU 1ebniy aaLp V :Awo0303181SAH uoisniic 21eaoB | uswdorensd bue ue ‘ABejen sajowoid

ur uoneaouul jebni4 ey e pue ybig 4 IA31 v/ E1pul salwouoda Buiblawg S31ON 1SNQIa ¢leqol 4 lansa p P ) S uoneAouul
. ul uorreAOUU| 06 ebniy uey | uonenouu| jebniq ssauisng ‘Alanod

Juswdojanap maN JeuiBeA |elol |ebniy moH

T 4 Tl 7T ST ST ST g1 g1

137



$31LIOU023 padojansp

(IUS/ SIFvyg
juswdojanag

3AJOAUI nom suoneAouul saluedwod
loAul Pl ; ; uonealdde Bunrenouul | ueisy yinos ay 8lqeutEIsns
SUOIIPUOD | Jeyl SuolN|oS 8yl JO | JO pupy SIYl JO SIBALIP 01 buipiodoe
. salfielesis JO UOILIO] 8Y) | JO SWIa) Ul Saunod | jo abejuenpe axel pjnod :
821n0Sal 901edS | uoIssnasIg  "asiuadxa | urew ayl jo sisAjeuy . $I0103S Jatem
. . junod3e ojul Bue) ‘sjppow Buidojanap | ssiuedwod Jeuoneunjnw
ur  ssauisng  |edo| | pue siauped | "S32In0SaJ 82JBIS UM . uoneAoull | pue  ABlsus
: ssauisng paldepe ybnoiyy | pue padojanap | aiaym sanssi
Ul SUOIBAOUUI/|9AS] | ‘SBIIUNWWIOD SBAJOAUI | SBLUN0d ul  Jeadde [ebniy e se uonenyy | ur  aunjesay)
EINUNN] padojonsp | woiy  suonesodiod | Buisoddo 01 puodsal : :
190X | yarym se0unosal | Jeu suoleAouUl Jarem o ubiss@ | uisuoneAouul
10} SWJl} 8yl O} Jajsues) | [euoneuRNW Jo | suonesiuedio jo suwio} Isuol !
11 o0, SsuopeAouuUl | 82Je3S Ul UONRAOUUl | Jo uondedsad  pue \ . jefinyy
SUOIIeAOUUI 32IN0Sa) 82Jeds | sabuajjeyd  ‘suosssl | Ul ‘elsy yinos pajoeduwil
ayl uo pasndo4 | uado uo paseq 10afoid | sideouod  uoneAouul uowwoa
ayy jo uonsabbns a8yl | jo uonoajey | sey eyl uonezijeqolb
1011d obeis-Ales | Jo  pupy  usseYId 150W ay
noge uolssnasig
ue jo uonduasaqg 10 uonenfens
S31IUN0D S311JUN0D Pado[anap S311JUN0D Pado[onap S311IUN0D
Eelpul pal10ads 10N salnunod BuidofaAsd | padojenap pue Buidojanag pue Buidojansg pue Buidojans@ paij10ads JON Buidojanaq@
ST FOT o
uonanpap uonanpap uonaNpap ‘uononpul uonoanpap . co_squwu sishjeue
. . . . . . . . uononpul ‘sisayiuAs ‘MBIABI
sisAjeue uonanpul ‘sisayuAs uonanpul ‘sisayuAs SISAUIUAS SIsAJeue sisAjeue ‘smalniaiul uonanpul ‘sISayIuAs s1sAreue “BuLInseaL ;
‘smalniaiul /leouidwg | ‘sisAeue ‘uoneAIasSqO sisAjeue ‘Malnal ‘MBIA3] 3INnjeIa)IT] /ajo1LIe ydap-uyeoundw3 sIsAjeue ‘Malnal : ._EwE:&xm_ MM”HM_@.“_U
eoLdw ainjelall /[ednalos en1dasuo) /1edanlalos ainjelall /[eonaloa :
/leduiaws 1elali /[edn yL en D /Iedl} uL 1eJal17 /[edl uL Jleoundws Jreoudwz
suoneiodiod suonelodiod KBiau
salsnpul Jualayig aIeaylesH salsnpul Jualayia salsnpul Jualapia Jeuoneun|nn Jeuoneun|nN 11BN \Bm 3
/saLsnpul ualayia /saLsnpul ualayia [131EM
98’1 yANA JAN4 00°€ €8T €8T €ee €ee
€T €T €T T 7 7 0T 0T
juawdojdanaq
uawabeuel [einy Jo yesH pue uoieAouU| ABarens MBIINDY EIsv JauIaBeue (puepazms)
H eUINOL [eUOIeUIBIU Ue uonezijeqo ‘ABojouyoaL ‘9auBI ssauIsng 40 euino Juswabeur) : unos u bujuresy pue [E}UBLULIONIAUT Al m:_m.ym_._
| [ [euol | p 1ez1eqo|o louyds L 195 Isng Jo | r AR aBUELD ‘UoITeZIeqo]D 40 [euInog lllqeurelsns
JO [euINOC UedLY
6 Juajen |ebniq
m:mco_mm%omc_ a1e0 YIjEaH - >Mo=m>0cmc_ a:w:o_wm%occ_ Mco:gowc_ _%meu_ me.Emt -0197 3[89S0UEN | syovpew
i 1ebni4 | s19pJeW | swoou] | esn anisnjou| | ABojouyds | bt 1ebni4 | s1exseW | s1oxrew Buibiawg |00 | uBwi o%in | uonreuLIOY2Q Buiblaw3
uiblsw3 | uonreAouu| | uonreAouu| uiblaw3 | uonreAouu| | uoneAouu] 19npoud | ubisag [uos] | uorreAoUU]
(eT0Z (9102 (9102 “I®

(zT0Z “1B 18 YbUIS)

(eT0z ‘1Iouopueq)

(€T0Z "edasued)

(5702 ‘31d pue 106uy)

‘UeUYSLIY pue eyr)

(€T0Z “Ie 19 MeYg)

“e 19 “M-naxielg)

19 UBUeAaT)

pUE J31em

piwelfd Bunenjeng

3y} Jo wonog ayl 1e 31108y} UoneAOUUI UOIIO[OISID | juawdojensp

ABa1ens [eAIAINS 150D tareay ut wealsurew uonnJos |3pOul ssaulsng uonezijeqo|b an|q auajAylaw a|qeuIeISNS
suonelioqge||o9 |eqolb prwelAd-ayi-Jo-wonoq . Iqeut

-MO pue 3|qeureIsnsg 101 Whinesed mau 104 sabuajfeys maN aUL “S3LUN0D UoL) 01 A3 ay L uoneAouul [ebniq woJy Wb :sia) uo

‘aAlleAOUU| LR 4 Wowp :SSAUBAISN|OUI pue UL -sel ! :uoleAouUl [e907] J1a1em paseq-uoil SUOITRAOUUI

B Se uoneaouul usdo A ui ajdoad Jood Buinles ! !

01 X14 %21, pue ,0q sjo04sseaf ‘Anjebniq a1jresw Bulubissg [eBniy Jo

BuielN, woi4-peebng suoreoduw
IT IT IT 8T 518 6l [9[4 [9[4

138



'sadA1 Jualapip

$90INn0sal sa|duwiexa
slojoe ol suoneAouul
a1 01 Ssad0e palwl| |eonoe.d/saibayens '$90In0sal - : :
|Jewlojul  pue  |eu.oy saysinBunsip yoJeasal
yum SIBWOISND | U0  UOISSNISIP/SUONIPUOD 0]  SSRJ0B  pauwi| ' yoJeasal ainny
Jo suonebijgo/sabua)jeyo aylL suonIpuod suoneAouul [efiniy
ayp  Aysnes 0l $90.In0sal yum ssoejd eins oy 10} sBuipury Asy urew
) ajewijD/uondaolad $90IN0Sal 901e2s uo poydw Apnis ased
JapJo ur sayoeoudde | aoueos ul suonnjos uonejuswa|dwi  pue /o1do) suoneAouUl
) Jo sabusjeyp/sidesuod 0] pajejal suoleAoUUl B asn Jeyy sao1ue paysijgnd
J0  uswysljgersg | 186png a|qeploye 90IABP ORI I8]eMm Jalem Ul Jomauwely
) \ uoneAouUl o)1 sayoroidde 10 puain ay1 Jo uonelojdx3
suoleAoUuUl xa|dwoouj/uoieAouUl e se Jojessusb wes)s 8yl Jo uononpoauj
uado pue suoneAouUUl 10 SISaYIUAS
Jo swuoy aandnisip | [ebniy 10 Jejos jo juawdojanaq
uo asno04 | 1deauo9 a8y Jo uononponu| [eBn1y uaaMIaq Hull SyL pue uonesiuebio
P U 40 Lononp Al[eonews]sAs
SSIIIUN00
'UIYD ‘eIpU| padojanap pue Buidojensq salunod Buidojaneg sa1unoo Buidojane paiy10ads 10N paiy10ads 10N pai1oads 10N
uononpap uostiedwod uostedwod uostLredwod ‘uononpap uostedwod

‘uononpul ‘sisayluAs
‘sisAjeue ‘Mmalnal
ainjesan] Apmis

uostredwod ‘uononpap
‘uononpul ‘sisayluAs
sIsAjeue ‘Malnal ainesalT

‘uononpap ‘uonanpul
‘SISAUIUAS sIsAjeue
‘MBIA3I aINnjelIa)l

uosuedwo ‘uonanpap
‘uononpul ‘sIsayiuAs
‘sisAjeur ‘sjuswiiadx3y

‘uononpap ‘uonanpul
‘SISAYIUAS ‘sIsAjeur
‘MBIA3] 3INnjela)l

‘uononpul ‘sisayluAs
sisAjeue ‘Malnal
ainyesa)l] /remdsouod

‘uononpap ‘uonanpul
‘SISaYIUAS SISAJeuR ‘MalAal
ainjelall] ay) ul yorosdde

aseD /|eanidw3 fremdacuog /jeanaioayL /lemdasuo) /jeansi0ay L fredridw3 a1ewalsAS /leonidw3 /leanaloay L 211eWa)ISAS /leonidw3
90IAJSS [eIOURUIS /IBTRAN

AB1au3 jeAnowoiny JAB1au3 jeAnowoiny
SIBOUIERH /P04 /BULINIENUEIN SOLASNPULIUBIB4IA ABlBUZ iz Ll 1918 /SBI1YBA JuOELIOdS B

/121 /aledijesH
00'S 00'S 00 00y 00'¥ 008 05'e
0t 0t 6 8 8 8 L
mmuww__m\m mc,_wom_c%:cmm_ mcm Axadwog pue 193eN JawibeueIN uonaNpo.

uoneAouyds | [E9ISAUd EONELIBUIEIN ‘ABojouyda] :uoneaouu] suoday a1UBINS Bunisauibug 1onpoid A8190S Ul ABojouyda |

v A18190S |eAOY 8y JO
suonoesueld| earydosojiyd

uadQ Jo jeuinor

uo suonoesuel| 3331

Jaues|) Jo feuinor

uolreAouUl [apow
ssauisng | Ansnpuj

uononpal puewaq

Ausixapiqure
|euoneziuebiQ

weals
Jejos | siojeaush

suoneAouul
1ebni4 | s1exeWw

suonisuel) [ea1uyds]
-0190S | Juawdojanap

suoreaouul
|ebni4 | s1axew

| uoneAouu] | so1WOU09T | uonenouu| a|qeuresng
| ]apow ssauisng | uonenouur uado weals | uoneuresag | Buibisw3z | uoneaouu| | uorreAOUU| Buibisw3 | uoireaouu|
(L1027 (2102 (8102

““1e 18 J8)[eYIaUIAN)

(£702 ‘nyqeid)

(9702 “Ie 18 ®1dND)

““|e 19 OUBIJION)

(L7102 “[e 18 [emIebyy)

‘OAJBIUOIN PUB UYIAN)

(£702 ‘uressoH)

Ansnpuj wawdinb3

SYSL [UOIINIISUI pUR

suoneoljdde

Aioresoge] a17eWIII YUM A|9ANRaId 1B10S 101 391N saAloadsiad ainny S31pN1S UoleAOUUI
pue 8218 [eJ1PaN Burdo) :sawoano _ J 591AGD pue Le 8y} JO 8)eIS | Jalem Joj suolrepunoS
310W 10} SS3] YUM 310w uoneiodens def ) . uouawouayd uoireAouul
8U1 40 se9 BUL Buroq :uoneaouul [ebni Inoadsal pue MOLIeU 3AIsuadxaul -suofienouUl paseq -uonenouul ebn.y ayy Buidde,
s1oveN Buiblawg 10@ -uor 4 anisuodsal ‘[eaosdioal 4 Uo zemcmm -1UIRJISUOD JO MBIASI J1arem Jo sorwreuAp _ 4 9u) butdden
u1 uoireAouu| jefini4 10} UOIAOUUI BAISNOUI q uol aINJeIaM| JNRWAISAS Y ay) Burlojdx3
Weals JuaIoIyg
10} S|9pOIA ssauisng uado Jo Aioay | -
04 V14 T (44 (44 44 €C

139



SITAJUTTOT

ydoJeasal Buidojanap ul
80URINSUI-0401W Jo sieak Aam 1se) auy L ureyo juswdojanap
ainjelali| UaLIND Y} Ul UE BSAA-IN 10 Sasen | 2° siybisul pue soidol | yum  s1swosnd 8yl Ajddns ayy 1oy Juswala s, Auedwoo
sdef jo uoneoiuUap! Wo mmmn_ __F\_,_o_hgo:c_ J0 uononpoaul/ymolb | 01 suoreaouur [ebniy e1pu| ul J8yem aind Aoy ® SI uoireAOUUl ay
‘synsal ay mmﬂ_ q o o swual s Auedwo)/yoreasar | BulIBAIap JO swal ul | SleAldp yaym (O¥) od4 uo | [ebnig Amue ssauisng | uo  Ansnpul
J0 sisAJeue ‘uoneaouul "__ 4 :owm_o Eoucﬂ 10 | sssuisng uo 1oedwi sy | sisowso 9s10A31,, | paseq uolen|l Jslem | elojsuoleAouul jebniy aAloWwoNe
|ebniy  jJo  1deduod ; S Juauodwod urew ayl se | pue ‘suoleAouul [ebniy | wWaisAs uonen|y | anisuadxaur jo ubisaq | pue Auqeureisns ay
ayl Jo 1uawdojansp o m&m_:m QWE ymoioauawdojensp | ur (1) ABojouyodar | Jerem 3|qepIoNyY ureys Ajddns uo paseq | uj  sjuswbas
ay jo uoneiojdx3 4 tuey ssauisng uonewIoul Ylomawrel) [emdsouod | jaxew i)
N0} JO uoneUIWEXT
Jo} siuawiaja Aax Jofew | jo uonessuowaq [eatyoueialy 3yl | souasqe ayy Jo
88yl Jo uopelojdx3 aousNyuI YL
paijioads 10N eI salunod Buidojanag eI eipu| paij10ads 10N paiy10ads 10N 'uIyD
TTOTFOT Yo
uostiedwod uonanpap uosuedwod ‘uononpap | uosuedwod ‘uoianpap uo1naNpPap ‘uononpul ) uostredwod ‘sisAeue
. . . . . . . . \ . uostredwod ‘uonanpap . . :
uonaNpap ‘uononpui uonaNpul ‘sisayuAs uonanpul ‘sisayuAs uonanpul ‘sisayuAs SISAUIUAS ‘sisAjeur CLONINDUI ‘SISAUIUAS uonaNpPap ‘uondnpul ‘Malnal
‘SISaYIUAS ‘sIsAjeue ‘sISAjeur ‘Malnal SISAjeur ‘Malnal sIsAjeue ‘Malnal ‘M3IA3J ainje.all| w.ﬁ.w:%&%&ﬁ% ‘SISaYIUAS ‘sIsAjeue ainesan]
‘MBIA3I aINJeIR)I ainjelall| ‘spoylawl ainjela) /iemdasuod | ainjetal /remdaouo) ‘SMaIAIBIUI ‘spoylaw sAl eoundws 3 ‘Aanuns ‘spouaw Apns asen
onewalsAs /jeouidwg PaxXIN /reaudw3 /lednsiosy L /1eaneioay L PaxIN /reoudws freariaus PaxIN /leduidws /reaundw3
SaLISNPUI JUBIBLI BOIBS [BIOUEUIY SaLIISNpuUI JUBIBLI 1318 1318, SaLIISNpUI JUBIB aAnowoIN
usnpul yia ssauoyd 8IqoN usnpul Hia 11 M M usnpul Hia ! \Y
009 009 00'S 00'S 00'S 00t 00'% 00'e
9 9 S S S 14 14 €
uonanpol UoIeasaY uswabieue sbueyd uononpol 0J1uo) pue
HoNpoid swdojanaq ! W |e120s pue Bunsedssloo fonpoid alaydsowayd |0au03 p uoneAouyda |

1aues)|) 40 [eulnop

10 [eulnop ueadolng

1O [BUINOC 13108 BISY

|eaibojouyoda |

J1aues|) 4o [eunop

Buluue|d uonanpoid

suoleAouUl
1ebni4 | syexeWw
Buibiaw3 | uoneaouu|

uoneIAg| e

Aanod | prwesid
ay1 Jo wonog |
piwelAd ays jo aseg

UBWISAAUL
10841p uBialoy preminQ
| s1xsew Buibiswg

| uonezijeuoneusalu|

suoneAouul
1ebni4 | s1exeW
Buibiaw3 | uoneAouu]

uonelns|e

Ausnod | prwresAd
ay} Jo wonog

| prwesAd ay: jo aseg

1UB[eA-013Z 3|BISOUBN
| uonreuniojyoaq | uos|

saonoeld

INDSD | sureyd
Ajddns | juswsbeuew
ureya Ajddns

Suwy
pea | apen
Ire4 | sureyos

anfen [eqo|o

(8102 1€ 19 1UOSId)

(8707 18yBesN)

(8707 "8 19 Buad)

(8702 "B 18 []3MOH)

(8702 “Ie 18 eleulYy)

(8107 “Ie 18 UUBWIBH)

(87T0Z "I 19 UIQIYS)

(8707 ‘'unyl)

ESEl[Te)
BIOLIJY UI SUOIBAOUUL ay1 pue
sannoadsiad BV Ul uoisnjaul " leBniL Jo1 Slanou eIpu| Ul SIa}i} uonepLionfjsp uBisap yoseasal | yonejuswbos
aIMmNy pUe 18 U 21WOU093 pue salwouods Buibisws mmm.:_m_: :_v, >mw hcu og | 1OVeM SISOWSO 8SIBABI | UBJeM 10} spag-paxoed poyisw-nINw :S3INS T Jopew
0 2% ,..__wo:go&_ uoneAouu| [ebniq (401n0 pue) ui QO_ME.B c__ ow ol 1S02-M0J JO 8seD <dns/>0<dns>a4 ut Ajigeurelsns ‘Korjod aers
,.9 omme.g% obnuy | AUIOUOOT [BWwIoju| | wuy 3y} JO amoI Byl oul .cozm,e.w% _m> :uoneouul [efiny Jo Aujigenns ureyo Ajddns | pyureikd ayp
u [eonid ayr Buizijeqiuue) Mm__.m. aimdes m:_v> Jo uononpoud-0Q ay Bunebnsanu| 10} uoreAouul [ebni4 40 .m__v_o_E auy
Je uolyeAouu|

i£4 7C 174 4 T4 9¢ 9¢ Zc

140



- o ) -5 it 2§52
S S = = D 2 S 'o
< — Y @ = n = 0 9 QO
=) o > g.228°¢C 2 T o <
5 O < 2 e
= —_ = — 8= ] = 2 ass¢g
o © L _ =] c 2 2 >S8S a 4= o 5= ¢
= b1 Eg £ [SEE) 5 <S5 £ o s 2 =] w
- - @ Ll S = o < cC c o o o c £
IN > o S N —_ 2 o < ) S O — -~ © .= O = o 4 S > a5
N e e S g c L 2 - 2 - ® .8 ® < o - = = 2.9 2z c
CE_C heli=)] © — O CE_C = O .23-55 < gogm o8& <
Z a5 =2 = S oG o c =S 2§90 === I =)
c = @ o 2
—_ O = .= c + © L O = o © (3] = <1} © = T > =
T = © > = S o o= © c = >C 0o A E =i C oo
[ = = B3 7] = = = > 5 =
=] D o < o ] Q c > > S b=
323 T 2 2% 2 S3 3 T =53 58255255%
s n O o @ cC =
a2 ShAY; £ EEC oo ~ © Lo EO0OER=ZE
o - g s =
@ 73 =] - c < © [CRRS]
fust c Y= 5 %)
) 2 © =] ° = EE'V"E g5 S 2
o = ) 2 = = 235 S £ .2 5
= < 8 o] ] 2] DT o = ) _= = o
o] I > c S 223392 = < B
c S E N ] 5 o o ° S2c32| 5 = 3 r @
- — =
N =uW = = — > E © < S = R @ =SS © =
o gc22o = - & = @ ©l 3 = =S8 o EcodD>>
Q5o €3 = 6o w c E S T 2.2 5§ E &l LTS E5Ew
2= ® ow® == 2 T o o SRR = 1] s o 8 S)
= = =] ] e L 8 Q.= 9 ] < s =S¢
L ©scOoE ] < 25 gox 5] S g=28B90| = 2D2E 035 =
w 2T 0.2 3 2 =3 o9 o = ot © S S 8T L3V o
822353 S 2835 533 a EJSE eEgzEc 83
=1 > () > = T = L © O
0OEa0PX 5 £EE8 = iffalia w = F65388828

* Equally total citation number has the same ranking number.

Our research contributes with a descriptive analysis based on the industry (sector) focus, type of
research paper/method, and country focus of the most cited articles in frugal innovation. The most of the
researchers were focused on different types or mixed industries (23%), healthcare (15%), energy (11%),
water (10%), vehicles, automotive and transportation (9%), IT and ICT (7%), financial services (6%)
and the other less than 6%. A lot of researchers were focused on the different type of industries, we have
also included in that group conceptual and exploratory papers, which are focused on the general
information about the frugal innovations and may be implemented in different industries. M. Zeschky et
al. (2014a; 2014b) were focused on various types of innovations in resource-constrained conditions.
According to these authors, companies searching for relevant offers for developing countries should
return them to the Western world. Due to the novelty of phenomena of frugal innovation, there are plenty
of research papers that are aimed at investigating a term, definition of frugal innovations.

B.C. Rao (2013) says that conducting the research on frugal-innovations, it highlights the features
of the innovations and also tests the disruptiveness with respect to other innovations. The terms have the

same base of the BoP (bottom-of-the-pyramid). Some of the researchers are focused on poverty
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reduction, while others try to establish a linkage between formal and informal economies. The social
aspect is a key element for future scenarios; nevertheless, the researches should not underestimate the
unique path of development of countries with low income and the difference of developed economies
that faced with the industrial revolution (Pansera, 2013). Some multinational companies demonstrate
both types of innovations, frugal, and reverse. Siemens has developed different frugal products, and at
the same time implements reverse innovations through them. Multinational corporations try to offer a
disruptive product, while good-enough innovations have more possibilities to be distributed in the market
(Agarwal and Brem, 2012). Multinational corporations deliver a vast number of innovations to the
developing countries, India in particular, and the global world. They are focused on developing close
relationships, co-creating with customers, empowering engineers, and product development (Jha and
Krishnan, 2013).

It is important to increase exchanges between developing and developed countries in healthcare for
the facilitation of knowledge transformation and exchange. The Laboratories are vital in knowledge
exchange and support, they have to be implemented not only in middle-income countries but to be
examples of reverse or frugal innovations (Crisp, 2014). The Dutch company Qiagen is another example
of frugal innovation that provides an HPV (human papillomavirus) care device, in order to find out the
virus for places with limited access to the healthcare system. It is portable and suitable for rural
conditions. All these features were not available previously (Zeschky et al., 2014a). However, frugal
innovations may have difficulties with adoption, even if they provide a low-cost solution to healthcare
issues. Many frugal innovations do not spread to other places with similar problems; they stay local,
“below-the-radar”. Another example is the auto-transfusion with an absence of blood donor that was
developed in South Africa, however, the healthcare system of the neighboring country was not familiar
with this (Tran and Ravaud, 2016).

Some of the researchers were focused on the effective water filtration systems based on frugal

innovations’ principles (Btatkeu et al., 2016; Annala, et al. 2018; Heimann et al., 2018). J. Levénen et al.
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(2016) estimated the most remarkable cases of frugal innovations, including the water sector in the
literature. One of the notable case studies demonstrates the reverse osmosis (RO) technology which was
implemented in India, shows that the involvement of the consumers is a significant part of creating
solutions in terms of frugal innovations. This permits the businessmen to customize and adapt their
solutions to the requirements of their clients and leads to private cost reduction (Annala et al., 2018).

Craft skills East Africa focuses on the rural environment in Africa, providing green energy, using
local materials in a sustainable way to serve the communities with limited access to the energy sources.
SELCO supplies solar power to underserved villages, rural places, using an innovative approach that
provides credits for the customers through financial organisations (Khan, 2016). Another research was
focused on the water distillation, implementing the solar energy for purifying the water, that is crucially
important for the rural areas (Morciano et al., 2017). Most of the publications are empirical and presented
by 63 %, the rest of them are theoretical and consist of 37 %.

The literature review covers 37% of research studies; most of the papers are conceptual and
exploratory. Several authors are focused on theoretical perspective, trying to distinguish the phenomena
of frugal innovations from others (Brem and Wolfram, 2014; Soni and Krishnan, 2014; Gupta et al.,
2016; Tran and Ravaud, 2016; Agarwal et al., 2017). The case study method (28%) is one of the common
methods that the authors use in the research on frugal innovations, due to the lack of information on this
topic. Siemens provided successful solutions for developing countries, implementing the case study, the
research is focused on the establishment of multinational corporations in developing countries, and their
innovation strategies. The study distinguishes relative terms of frugal innovations and analyses various
practices of the German multinational corporation (Agarwal and Brem, 2012). Also, the case study
approach was used by S. Winterhalter et al. (2017). His research is focused on the healthcare sector
investigating the value creation process in terms of achieving a new market in developing countries. M.
Zeschky et al. (2014b) focus on the R&D organisation processes of multinational corporations in the

healthcare and electronics sectors, using the data and information from four case studies. The systematic
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literature review was presented by such authors as M. Hossain (2017), and N. Agarwal et al. (2017), E.
Rosca et al. (2018), A. Pisoni et al. (2018). Experiments were used by other authors, Btatkeu et al. (2016),
M. Morciano et al. (2017), S. Heimann et al. (2018) in the water sector and J. Baekelandt (2015) in
healthcare. However, due to the fact of terms overlapping such as frugal innovations, reverse innovation,
sustainable innovations, etc., in fact, much more papers could be extracted.

As we have identified, researchers of the top-cited articles in frugal innovation have mostly focused
their research effort on three groups of countries. Thus, the vast number of articles focuses on India,
developing countries, and almost the same number on both developing and developed countries. The
39% of articles can be categorised in an additional group named ‘“Not specified countries”, including
conceptual, exploratory papers that have a theoretical perspective and may be implemented in different
countries. A lot of researchers in their studies (19%) were focused on India. Economic reforms starting
in India in 1991 followed by the fast-economic development of the country, which became an attractive
topic for scholars focused on organisations and management practices (Nair et al. 2007). With a large
number of higher education institutions and investigation activity India could become an innovation and
knowledge transfer centre, however, during the last years, the level of successful innovations is still low,
which stands for some shortcomings. The analysis demonstrates that there is a need to establish
infrastructure, including all the sectors, in order to unlock the innovative potential. Hence, there is a need
for deeper research on outcomes associated with infrastructure investment and their results in innovation.
Therefore, it is necessary to facilitate the development of small and medium enterprises. The research
shows that innovation and entrepreneurship are interconnected; facilitating entrepreneurship requires
financial and knowledge support (Nair et al., 2015).

The economic growth of developing countries influences significantly on the world of global
business. The mean rate of increase of emerging economies is far above developed countries, which
provides a strategic opportunity for the market extension (OECD 2009; Drummond 2012;). Developing

countries that are represented by the custumers with low income and scarce resources which constitutes
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one of the rapidly increasing markets (Kravets and Sandikci, 2014). The companies that can keep balance
in the low price and innovation, delivering high value to the client have a competitive advantage in the
market (Mudambi, 2011). The notion of frugal innovation and its features for a wide range of people that
employ scarce resources is crucially important for developing and developed countries as well (Prabhu
2017). However, the adaption of business models from countries with limited resources to the countries
with developed economies, requires the consideration of the location of strategies application (Angot and
Plé, 2015). Interaction with local institutions, involvement of the clients, empowerment of employees
and focus on product development allow multinational corporations to provide frugal innovations in
developing and developed countries as well. This approach allowed companies to succeed in the global
market (Jha and Krishnan, 2013). Y.A. Bhatti et al. (2013) claim that globalization has influenced on
South Asia, multinational corporations have to take into account the knowledge of South Asian
organisations, and to use the opportunity of investment in them, while South Asian organisations could
develop a regional and international partnership. However, M. Hossain et al. (2016) have clarified how
the frugal innovations distribute, according to four dimensions. The authors found out that the difference

in socio-economic conditions is an obstacle for the distribution of frugal innovations.

Conclusions
In this study, publications in English (238) were collected from Elsevier Scopus database during

the period of 2010-2019 for using in statistical, bibliometric analysis, and theoretical review. The results
reported herein should be considered in the light of some limitations. First, the sample size was limited,
our dataset was taken out only from Scopus data base, addition of the other databases would provide
more comprehensive information in frugal innovation field. Our research included the examination of
the articles that were written in English, while articles which were presented in other languages were
unincluded in the examination, extending of other languages would enrich the study. In addition, due to

the novelty of the term of frugal innovation, it frequently overlaps with others such as reverse innovation,
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Gandhian engineering, jugaad, low-cost innovation, etc., there is a probability that some of the
researchers substituted the term, thus there is a need of seeking the information on that literature beyond
the frugal innovation field. Finally, some articles were enough theoretical and based on the literature
review, however, they were illustrated by cases or examples that could lead to the bias in distinguishing
them between theoretical and empirical. Groups obtained in the coupling analysis can be taken to analyse

and synthesise the information considering different lines of research by the group identified.
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3.3. Frugal innovation in the textile industry, as a tool for solving problems in the

field of waste disposal and recycling

Paper published in Izvestiya Vysshikh Uchebnykh Zavedenii, Seriya Teknologiya Tekstil'noi
Promyshlennosti (Textile Industry Technology); DOI 10.47367/0021-3497_2021_2_17; Date of
Publication: 2021; Scopus Q4 (paper submitted in 2020 when the journal was Scopus Q3); H-INDEX

19; SJR 2020-0.199; CiteScore 2020- 0.4; SNIP 2020-1.058; CiteScoreTracker 2021-0.3;

Melnikova, L. N. (2021). FRUGAL INNOVATION IN THE TEXTILE INDUSTRY, AS A TOOL
FOR SOLVING PROBLEMS IN THE FIELD OF WASTE DISPOSAL AND RECYCLING. Textile
Industry Technology, 2(393), 17-22. https://doi.org/10.47367/0021-3497 2021 2 17
Our research paper named "Frugal Innovation in the Textile Industry: A Tool for Solving Problems in
the Field of Waste Disposal and Recycling™ published in the journal lzvestiya Vysshikh Uchebnykh
Zavedenii, Seriya Teknologiya Tekstil'noi Promyshlennosti (Textile Industry Technology). The
development of the textile industry is the main focus of this journal, which also covers theoretical and
applied approaches. It features articles on management, decision-making, engineering, materials science,
automation, economics, energy, and ecology, as well as a section on management science. As part of our
contribution to the journal, our research suggests a theoretical framework that can be used to waste

disposal and recycling that is based on thrifty innovation in the management of the textile industry.

Crarbsi mnocBsilleHa mnpo0jeMe mnepepadloTKM M YTHJIM3AUMH OTX0J0B B TEKCTHJIbLHOM
npombinuieHHOCTH. [Ipeasioxken oqUH M3 BAPMAHTOB pPelIeHUS JAHHOI MPOdJaeMBbl ¢ OMOIIbIO
OepexxIMBBIX HMHHOBaIMil, IO CpeaCcTBAM W3MEHEHUs1 OM3Hec-MOJeJM, I/Je OCHOBHBIMH

YYaCcTHUKaAMHU SABJAIOTCHA MNPOU3BOAUTE]DL TEKCTHIA H l'lOTpeﬁl/lTe.]'IL. HpI/I HCIMOJb30BAHHU
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https://doi.org/10.47367/0021-3497_2021_2_17

OepexIMBBIX HHHOBAIUI I0CTUTA€TCH COLUAJIBHBIN, IKOJOTHYeCKNA U IKOHOMUYECKHUi 3P eKT.
Jannas Moesb MoskeT ObITh 3 dexkTHBHA B pamKax peanusanuu Leneii Ycroitunsoro Pazsurus.
The article is dedicated to the problem of waste management and recycling in the textile industry.
We offer frugal innovations as an option for solving this problem, through changing the business
model, where the main participants are the textile manufacturer and the consumer. By
implementing frugal innovations social, environmental, and economic effects is achieved. This
model can be effective in the terms of implementation of the Sustainable Development Goals.
KiroueBsble ci10Ba: OepexiuBbie HHHOBALMH, OTPAC/Ib TEKCTHILHON NPOMBILLICEHHOCTH, 0TXO0AbI
TeKCTUJIbHON NMPOMBIILIEHHOCTH, epepadoTKa 0TX0/A0B, CHCTEMa YIPaBJIeHUS 0TX0JaMH, LeJId
YCTOMYHUBOIO Pa3BUTHUSA

Keywords: frugal innovations, textile industry, textile waste, recycle waste, waste management,
sustainable development goals

Ha ceronsimauii 1eHs MPOBECHO MHOTO UCCIICIOBAHMM TI0 TeME OEPEKIIMBBIX MHHOBAITUN, B OCHOBHOM
paccMOTpeHbI TaKKe MPOMBIIIJIEHHOCTH KakK, 37paBooXpaHeHue, nHdopmannonusie TexHongoruu (UT),
SHepreTHYecKas MPOMBIIIIEHHOCTh, TPAHCHIOPT U BOJHBIN CEKTOP, OJTHAKO OEpEeKJINBBIM HHHOBAIUSM B
TEKCTHJIBHOM MPOMBIIIJICHHOCTH HE YAESIOCH J0CTaTOYHO BHMMaHMs. 3a nociennue 10 ger (¢ 2010
rojia) Cpelid CaMbIX IUTHPYEMBIX aBTOPOB B 0a3e NaHHBIX Scopus, HaydHble pabOThl UMeENU 00U
XapakTep HaNpaBJICHHOCTH, TOJbKO 15% paboT HampaBiieHbl Ha CEKTOp 3ApaBooxpaHeHus, 11% Ha
SHEPreTHYECKUN CEKTOP, B TO BpEMS KaK UCCIIeI0BATENIbCKUE PA0OTHI B TEKCTHIILHOM TPOMBIIIIICHHOCTH
B paMKax OepexJIMBBIX WHHOBAIIMI MPOBOJIMINCH B MajOM KOJUYECTBE. AKTYaJIIbHOCTh MPUMEHEHUS
OepeXJIMBBIX MHHOBAIMKA B cdepe TEKCTUIBHOW MPOMBIIIJICHHOCTH OOOCHOBBIBACTCS YBEITUYECHHUEM
noTpeOIeHNs] TEKCTHIIBHOTO BOJIOKHA B MUpE, Kak MpeacTaBieHo Ha puc. 1 [1]. Taxxke, CTOUT yuuThIBaTh
MIPOrHO3bl MHUPOBBIX TEHACHLUUN MOTPEOIEHUS TEKCTUIS, B COOTBETCTBHM C KOTOPHIMH MHPOBOE
noTpebiaeHrne BceX BUA0B TEKCTHIIbHBIX BOJIOKOH K 2030 roay yBenuuutcst 70 120 MITH. METpHUUECKUX

TOHH [2].
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Takum o00Opa3oM, TpU yBETUYECHUH
noTpedsIeHuUs B TEKCTUIILHON
MPOMBINIIICHHOCTH CTaHOBUTCS
OYCBHJIHOW TpoOiieMa YTWIHM3AINH W
nepepaboTku  oTxoA0B. OTXOOsl B
TEKCTUIHbHOU MIPOMBIIIIJICHHOCTH
MPEJCTABISIIOT co00W  OBIBIIYIO B
yOOTpeOJIeHUU  ONIeKAY, B  MHUPE
MPOU3BOJUTCS OKOJO 13 MIIIMOHOB
TOHH TEKCTHUJIHHBIX OTXOJIOB €KET0JTHO,

95% 13 KOTOPBIX MOTYT OBITH TIOBTOPHO

HCITIOJIB30BaHbI UJIN nepepa60TaHI>1. TanKe, CTOUT OTMCTUTDB, UTO MHAYCTPHA MOJbI 3aHNMACT 3 mMecTO B

YHClie CaMbIX 3arps3HAIONIMX OTpacieil B Mmupe. Mcnonb3oBaHue OepeKIMBBIX MHHOBALUNA MOXKET

CHOCOOCTBOBATh PEIHICHUIO MPOOJIeM YTHIM3AIMU U MepepaboTKU OTXOJO0B TEKCTHIIS. bepexiuBbie

HWHHOBAallMW IPHU3BaHbI pPCHIATH B ICPBYIO OYCPEAbL SKOHOMHUUYCCKHE, COLOHATIBHBIC W 3KOJIOTMYCCKHC

npoOseMbl oOmiecTBa. M3HadanpHO TEepMUH OepexIIMBbIE WHHOBALMK MOSBHICS B MHaum u ObuI

a/ipecoBaH K MOTPEOUTENSIM C OTPaHUYEHHBIMU PEeCypcaMi B CTPaHAX C Pa3BUBAIOLIEHCS SKOHOMHKOM

[3]. BnocneactBuu, B CBS3M C OFPAHUYEHHOCTHIO T€X, WJIM HMHBIX PECYpPCOB MOHATHE OEpesKIMBBIX

MHHOBALMI pacpOoCTPaHUIIOCh U Ha CTPaHbI C Pa3BUTOM 3KOHOMHUKOH. TepMuH 6epeskirBble THHOBALUU

A0CTAaTOYHO HOBBIH U paccMaTpuBa€TCA MOA Pa3HbIMU YIjlaMH, TaK MOXXHO BBIJACJIUTH OCHOBHBIC

OTIpEIeTICHUSI.

1. Eepe)KJ'II/IBBIe HHHOBAIIUN IMPEACTABIISIIOT coboi MOJCPpHHU3AIHUIO MPOAYKTOB M IMPOLCCCOB C

LIETBI0 CHYXKEHUSI HEHYXKHBIX 3aTpar [4].
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2. BepexnuBble WHHOBAllMM — O3TO WHHOBAIIMHM, KOTOPBIE, MPEKIE BCEro, OTIMYAOTCS
JOCTYITHOCTBIO IS TIOKYNaTellsi ¢ TOYKHA 3PEHHS IIEHBI, BO3MOXKHOCTH MPHOOPETEHUS WU
WCIIOJIb30BAHUS, U YCTOUWYHUBOCTHIO [5].

3. BepexiuBbie MHHOBAIIMH — 3TO MEPECMOTP OM3HEC-MOEICH, H3MCHEHHE IEMIOYCK CO3TaHMS
CTOMMOCTH ¥ MOJICPHU3AIMS TIPOJYKTOB C IICNIbI0 3KOHOMHH PECYpCOB I 00eCIeUCHHS
WHKITIO3UBHBIX PBIHKOB B YCIIOBHSX OTPAaHUYCHHOCTH PECYPCOB B paMKaxX yCTOHYHBOTO
pasBuTus [6].

4. BepexIUBBIC WHHOBAIIMM — 3TO WHHOBAIIMH, HECYIIWE OOJBIIYI0 IEHHOCTh ¢ MEHBIIHMMH

3aTparamu [7].

Taloxe, 6epe>KJmeIe HHHOBAMU UMCIOT ONIPCACIICHHBIC ITPUHIINIIBI:

. AKXTHBHOE B3aMMOJACHCTBIE C KIIMCHTAMIU,

. dopmMupoBaHUE MTOBECHUS MOTPEOUTENEH;

. TBopUecKoe COTPYAHUYECTBO C MOTPEOUTEIISIMH;

. JpyKeCTBEHHbIE CBA3U C APYTUMHU CTOPOHHUKAMHW MHHOBAIU;

. ['mbxoe ucnosb30BaHUE MPOU3BOICTBEHHBIX MOIIHOCTEH U PECYPCOB;
. BripaboTtka pecypcocOeperarmmumx 1 SKOJI0TUYHBIX PEIISHUH;

Eepe}KJ'II/IBBIe HWHHOBAIIMY OPUCHTUPOBAHBI HA IIPOCTBIC U OKOJIOTMYHBIC IMTPOAYKTEI, IIPOLECCHI, YCIYIU U
6I/ISHCC-MOI[6J'II/I, HCIOJIB3YIOIIUC OI'PAHUYCHHOC KOJIUYCCTBO PECYPCOB, UMEA IIPU 3TOM MUHUMAJIILHOC
BMCHIATCIILCTBO B OKPY’KAKOIIYHO CPEAY, UMCHHO 2TO OIMPCACIICHUC HAa HAI B3TJIAL ABJISCTCA Hauboee
IIOJIHBIM W IIOAXOJUT MJIA PCHICHUS 3a/la4 B TEKCTUIILHOM IMPOMBIIIJIICHHOCTH. Ta1<>1<e, CTOHUT OTMCTHUTD
CBA3b 6epe)KJ'II/IBBIX WHHOBAIUN C YCTOﬁqHBOCTLm n YCTOﬁqHBBIM pa3BUTHUEM. Bepe)KJ'II/IBBIe HMHHOBAIINH
OYCHb YaCTO PpaCcCMaTpUBAKOTCA KaK XapaKTCPHUCTUKHU YCTOP'I‘{I/IBOFO Pa3sBUTHA U 06pa3a KHU3HU,

BCJIEJICTBHE Yero OepekIMBOCTh U ycToHuMBOCTh nepekiukatores [8]. Llenn YcroitunBoro Passutus
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(ITYP) umeroT mpexie BCETrO0 SKOJOTUYECKYIO, COLMAIBHYI0O MU 3KOHOMHUYECKYIO HAaIpPaBJIEHHOCTb,
OepeKIIMBBIE MHHOBAIIMU TaK)Ke MOTYT CITIOCOOCTBOBATh MX JIOCTIIKEHUIO [9].

Onex1a 3aHUMaeT OCHOBHOE HAIIpaBJIEHUE B TEKCTUIILHOM MPOMBIIIIEHHOCTH U BCEr/ia Obliia OJTHUM U3
CIOCOOOB  BBIPQXKCHUS, WHIUBUAYAILHOCTH W HWHIMKATOPOM MPUHAIICIKHOCTH K KaKOMY-JIHOO
KYJIbTYPHOMY WJIM COLMAIIBHOMY CJIO10. DTO MOCHOCOOCTBOBAIO (POPMUPOBAHUIO TAKOW OTPACIM Kak
«OpicTpas moma» uim «pact ¢omm» (fast fashion), ObicTporo oOHOBIIEHHS accOpTHMEHTa OplIHIA
HECKOJIbKO pa3 B ce30H. Emé 50 mer Hazaa mMojHbIE BeIIM HE OBLIM JOCTYIHBI I CPETHEro Kiacca
HaceJIeHUs, U3rOTaBIMBAINCh HA 3aKa3, MO0 MMENI BBICOKYIO CTOMMOCTb, OJIHAKO KEJTaHWE JoJIeH
BBITJISIIETh MOJIHO, HE TPaTs TIPH ATOM OOJIBIIKE AEHBIH MPUBENIO K (POPMHUPOBAHUIO MACCOBOTO PHIHKA
«OBICTPO MOJIBI», IO OTHOCHTEIILHO HU3KUM 1IeHaM. OCHOBOTIOJIO)KHUKAMHU SBJISIFOTCS TAKWE KOMIIAHUT
Kak, Zara (Bxomsamas B Inditex group), H&M, Benneton. B ocHOBy Ou3Heca jeria KOHIEITUS
«OBICTPBI OTBET», MPOU3BOJCTBO MPOJIYKTa MAKCUMAIbHO OBICTPO M SKOHOMHUYECKH I(P(HEKTHUBHO,
pearupys Ha OBICTPO MEHSIOIIMECS BKYChl MOTpeOuTeNneld B pexume peaiabHoro BpeMeHu. Cpemu
O0COOEHHOCTEH CTpaTeru MPOU3BOJUTEICH CTOWT BBIICIUTH: IMOHUMAHHUE >KEIIAHWW IIeJIEBOM
ayUTOPUU; TPEATIOKEHNE TOBAPOB «BBICOKOW MOJbI» MO MPUEMIIEMOMN IeHE AJIsi CPEJHEro Kiacca
MOTpeOUTENs; BHICTPAUBAHUE OTHOLIECHUI MEXAy MOKYyNaTeleM U MPOU3BOJAUTENEM, YAOBIETBOPAS B
MEPBYIO Ouepe/lb MOTPeOHOCTU MOKYIMaTeNs; ylaeisieTcss oco0oe BHMMaHHE LIETOYKE MOCTaBOK (s
CHIDKEHUSI CTOUMOCTH B MpOIlecce MePEeIBIKEHUS TOBAPOB OT pa3pabOTKH A0 PO3HUYHBIX Mara3uHoB).
Tak kommanus Zara CcHU3WIA BpeMsl MeXIy pa3padOTKoi ¥ MIPOU3BOACTBOM, COKPAaTUB
MIPOU3BOJICTBEHHBIE U3JEPKKH, Tpou3BoAuT Oosee 30000 equHUI] MPOIYKIHH €XKETOJHO AJIs MOYTU
1600 mara3uHoB B 58 cTpaHax, HOBUHKHM IOCTaBJSIOTCA 2 pa3a B HEAEII0 B Mara3uHbl, yJaydllas
MOTPEOUTENHCKUI BBIOOP OJICKABI U TOCTYMHOCTD MpoaykTa [10]. s ynydiineHus: MOHUMaHUS PhIHKA
LIEJIEBOM ayIUTOPUU U TEHICHLUN MCIOJIb3YETCsl CHEeIUaNIbHBIA OTIAEN CHEIUATNCTOB N0 BHEAPEHUIO U

HaOJI0IEHUIO B KPYTrax «BbICOKOM Mosbl» [11].
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OpnHako, HECMOTPSI HAa BCE MPEUMYIIECTBA ISl MOTPEOUTENs, PHIHOK OBICTPOH MOJBI CTAIKMBACTCS C
KPUTUKOHN: TPOU3BOAUTCA OOJIBIIOE KOJIMYECTBO OTXOJOB, BCICICTBHE YAaCThIX MOKYIMOK W BBIOpoOca
OJEKbL; TTIOXHUE YCIOBUS TPYy1a JUIsl )KUTENEN pa3BUBAIOIINXCS CTPAH; MPOU3BOACTBO OJI€KIbl HAHOCUT
YpOH BOJHOW, Ha3eMHOW W aTMOC(EPHON 3KOCHUCTEMaM; HAaHECCHHE Bpeaa 3JI0POBBIO pabOTHUKAM
(McnoJib30BaHUWE  TOKCHYHBIX  XMMHUKATOB,  IOBBIIIEHHBI  ypOBEHb  IIyMa, OITACHOCTH
MEIKO(QPAKIIMOHHBIX YaCTUI[ XJIOMKA; HEJOCTaTOK JPrOHOMHYHOCTH B YCJIOBHUSX Tpyda). Bcee
BBIIIIENIEPEUYHUCIICHHBIE TTYHKTHI MpoTuBOpeuat L{YP u koHIenuuu ycToMunBOCTH B LIETIOM.

Takum o00pa3oMm, CTaJIKUBasACh C pAIOM MpoOJieM B JAaHHOW OTPACIH, OUYEBHIHOW CTAHOBUTCS
BO3MOKHOCTh MCIIOJIb30BaHUsI OCPEHKITUBBIX WHHOBAIMNA B TEKCTUJIBHOUN MPOMBINIJIECHHOCTH, KOTOPOE
MOXET CIOCOOCTBOBATh PEIICHUIO MAaHHBIX MPOOJEeM, B YAaCTHOCTH C MPOOJEMOW YTHIM3AlUA W
niepepaboTku 0TX0A0B. OCHOBBIBAsICh HA IPUHIIMIAX OSPEKIMBBIX MHHOBAIIUH, TTPEICTABIIIEM MOJIEIb
B BUJIE pUC. 2, TPUMEHEHUE KOTOPOM MO3BOJIAET OCYIIECTBIATH AEATEIbHOCTh KOMITAHUIN B TEKCTUIILHOM

MPOMBIIIIICHHOCTH B paMKkax Llenelt YcroitunBoro PazpuTusi, 6€3 moTepr SKOHOMHUYECKOM BHITOIBI.

Henu YcroitunBoro Pa3zsurus

’ IIpousBonurens ‘

J 1

Bepe)KHI/IBLIe HWHHOBAaIlUU

4 1

’ TTorpeburens/Kinent ‘

Puc.?

Hcnons3oBanue 6epe)KJ'II/IBBIX WHHOBAIIUN B TEKCTUIIBHOMU MMPOMBIINIJIICHHOCTH I10 CPCACTBAM NU3MCHCHUSA
6I/I3HCC'MOI[CJ'II/I MO3BOJICT CYHICCTBCHHO COKpaliaTb OTXOAbl B TEKCTUJILHOM IMPOMBINIJIICHHOCTH,
CTUMYJIMPOBATH <«BKOJIOTUYHOC» IMOBCACHUC W YBAXKHUTCIBHOC OTHOIICHHUC K OKpY)KaIOH.Ieﬁ cpeac
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MOTpeOUTENel, COXPaHATh WJIM YBEIMYMUBATH OSKOHOMHUYECKYIO BBITOJIY JUISI MPOW3BOIAMUTEISL.
[ToTpeOutens (KIUEHT) MPUHOCUT BBHIMEANIYIO W3 HCIOJB30BAHHUS OACKIY (TEKCTHIIh) B MaraswH
MIPOU3BOIUTEIS, TPOU3BOIUTEINH OTAAET YACTh OJCKIBI (TCKCTHIISA) Ha OJIAarOTBOPUTEIHLHOCTD (B CiTydae
COXpaHEHHUs TMOTPEOUTEIHCKAX CBOMCTB), 4YacTh HUAET HaA TOBTOPHYIO IepepadoTKy. Bzamen
MOTPEOUTENh TOJy4aeT «OaJlIbl», «CKUJOYHBIC KYIMOHBI», KOTOPBIMH MOJKET pacIUIauuBaThCs 3a
MOCJIEAYIONINE TOKYIIKU, IIPU ATOM TOICPKUBACTCA JIOSIBHOCTD MIOTPEOUTEIIA.
Taxoke, B CBSI3U C OTCYTCTBHEM B HEKOTOPBIX CTpaHaX CHUCTEMBI MepepadbOTKU Mycopa, TPOU3BOAUTEIN
TEKCTHJISI MOTJI OBl SIBJISITHCSl KITFOUEBBHIM 3BEHOM B TMEPEpaOOTKH TJIACTHKA, TaK KakK IUIACTUKOBBIC
OyTBUIKH cJienanbl u3 nojaudTuiaeHTepedranara (I19T), aTOT ke MaTepual CIy>KUT B AadbHEUIIEM IS
MPOM3BOJICTBA HUTEH W BOJIOKOH mnonudctepa. lloTpebutens (KIMEHT) MOXKET MPUHOCHUTH
WCTIOJIb30BAHHBIA TIJIACTHK (TUIACTHKOBBIE OYTBUIKH) TPUTOIHBINA BIIOCIEACTBUM JJIsi  CO3JaHUS
MOJIMACTEpa TPOU3BOJAUTEIO, MPOU3BOAUTENb TEKCTUJIS OTMPABISIET WX Ha TepepadoTKy, B3aMeH
MOTPEeOUTENb MOJyYaeT CKUIOYHBIN KYIOH WIN «O0HYCBI» AJISl OTUIaThl MOKYIOK B JAHHOM MarasuHe.
Ha ocHoBanuu nanHO#M OM3HEC-MOIETH OCPEIKITUBBIC MHHOBAITUH BKIIFOYAIOT B CEOSI:

e BosieyeHue B mpolecc co3Ianus 00IIeH IEHHOCTH OTpeOuTeNneH (KIHMEHTOB)

e  DopMHUPOBAHHE «IKOJOTUYHOTO» U «OCO3HAHHOTO0)» MOBEACHUS MOTPEeOUTENs

e AKTHBHOE B3aUMOJICHCTBUE C IOTPEOUTEIAMU (KIMECHTaAMH)

e CoOTpyIHHYECTBO C HCCIIEI0BATEIbCKUMH OPraHU3alusIMU B chepe MHHOBAIIMOHHBIX Pa3padoToOK

B TEKCTUJILHOU MPOMBIIIJIEHHOCTH
e l3meHeHHe MPOU3BOACTBEHHON LIEMOYKH M HAMpaBICHHs UCIOIB30BAHUS MPOU3BOJICTBEHHBIX
MOIITHOCTEN

e (Co3znmanue pecypcocOeperaromero pereHus

Takum o6pa30M, pcam3anuna 6€pe)KJ'II/IBLIX WHHOBAIIUM B TEKCTHUIILHOM MPOMBIINIJICHHOCTH HMECT

IKOJIOTHYECKUM, COLUATBHBIA U SKOHOMUYECKH 3¢ (dekThI (puc.3).
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Dddexr npumeHeHNs OepeHKITHUBBIX
HMHHOBAIMH B TEKCTHIBHOM MPOMBIIIIEHHOCTH
B pamkax lleneii Ycroitunsoro Paszsurus

{ IKOJTOrHYecKmii \

CHIDKeHHE KOITIMYEeCTBA OTXOJ0B TeKCTHIIEHOM
npomsbliieHHocTH U II9T orxonos 3a cuer

H3MEHEHMSI LICTTOYKH IIPOU3BOJICTBA Ha OCHOBE CoumanbHbIi .
9KOJIOTHUECKUX U PecypcocOeperarommx penIeH . Obecneuenne ofex 101 OKOHOMHYECKHIi
dopmupoBaHHe OBEACHUS MMOTPEOUTENSI B paMKax MAaJIOUMYIINX I'paXkaaH IMonnepxanue
KYJBTYPBI M 3KOJIOT'HH MOTPEOIEeHHUS. TOTPEGHTENBCKOrO
cripoca

- J

Puc. 3

Dxosiornueckuii 3 HEKT JOCTUTACTCS ¢ TIOMOIIBIO CYIIIECTBEHHOTO CHIDKEHHS OTXO0J/I0B B TEKCTUIILHOM
npombinuieHHOCTH U [I9T 0oTx0m0B, GOpMHUPYETCS «OKOJOTHYHOE», «OCO3HAHHOE», YBAKUTEIHHOE
MoBeJIeHne TMoTpedurtenss K okpyxkatomed cpene. CoumanbHbiii d¢dekt dopMupyeTcss 3a CYET
0JIarOTBOPUTEIILHOCTH, 10 CPEJACTBAM IepeIadu OJCKIbI (C COXpAaHCHUEM TMOTPEOUTEIIHCKUX CBOWUCTB)
MAJIOUMYIIUM TI'paxKaaHaM. :‘)KOHOMHHGCKPlﬁ, 3a CUér CTUMYJIUMPOBAaHUA CIIpOCa, JIOSJIBHOCTH H
BOBJICUCHUA HOTpe6I/ITeJI}I.
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3.4. Frugal innovations and main trends of digital marketing in post-covid-19

retail: Case Study of the leading Russian food chains

Conference paper, Conference “Global challenges of digital transformation of markets (gdtm-2021)”
accepted for publishing MDPI-NOVA; Scopus cite score-3.8; Paper accepted in 2022.
Authors: Burmistrov A., Melikova E., Melnikova L., Kolosova T.

The conference "Global challenges of digital transformation of markets (gdtm-2021)" is primarily
focused on the difficulties and possibilities brought about by digital transformation in international
markets, with a focus on efficient management approaches in this setting. Our paper, which examines
thrifty innovation in digital marketing within the Russian food retail industry, thus fits the conference
well and adds to its management-focused portion. For managers and decision-makers trying to negotiate
the hurdles of digital transformation in their own companies, our examination of business model

transformation in the food retail industry via the lens of frugal innovation offers helpful insights.

ABSTRACT
The article investigates the main changes in digital marketing strategies adopted by Russian food

retailers for interconnection with customers during COVID-19 pandemic. The COVID-19 pandemic
stimulated emergence of innovations which operate in context of scarce resources, also known as
frugal innovations. This study focused on digital marketing practices through lens of frugal
innovations during the pandemic period of top five retailers using an abductive case study analysis
approach. The development of frugal innovation increased during pandemic, namely in food retail
sector. We discuss exploratory case studies from main key food retailers on the perception of
marketing digitalization and food retail. It reflects the results of the leading Russian food chains (top-
5 retailers) based on the secondary data, including quantitative and qualitative surveys conducted by
leading Russian and foreign research companies (McKinsey, Nielsen, PwC, EIB, RAEC); online

resources retail; including expert assessments, trends; review of articles on impact of COVID-19 on
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business transformation from journal databases Elsevier, Springer, Emerald, Wiley Online etc. The
general trends of digital marketing in retail in context of COVID crisis are revealed. We found out
that the most common trends are: customer centricity (customization and identification of customer
needs, co-creation (involvement of customers into process), omnichannel (better communication with
client), customer interaction (customization) and business diversification. The results of the present
research offer recommendations to managers on how to create an effective digital marketing approach

to efficiently raise customers’ purchase intentions via frugal innovation lens.

Keywords: Digital marketing, omnichannel, customization, food retail, COVID-19, frugal innovation

Introduction

When it comes to retail, the link between marketing and revenue is undeniable. Today, the retail
sector is experiencing global changes driven by rapid advancement of digital technologies. COVID-19
pandemic has accelerated these transformation processes. One of the solutions, which tackles social,
economic, and environmental problems promptly is frugal innovations (FI) (Vesci et al. 2021). FI gives
a quick response in times of limited resources, for instance digital manufacture of masks, adaption of
scuba diving masks for ventilation, face shields (Corsini, Dammicco, and Moultrie 2021). Fl is a creation
or implementation of new product, service, or process, which is affordable, functional, without
technological complexity, sustainable aims at satisfaction of customer needs in limited resources
(Hossain 2021; Melnikova 2017). FIs refer to six principles “engage and iterate, flex your assets, create
sustainable solutions, shape customer behavior, co-create value with prosumers, and making innovative
friends” these foster to create cost-effective, good quality solutions in scarce resources (Radjou and
Euchner 2016). However, some of them may be seen as open innovation (Mikheev et al. 2021; Shmatko

et al. 2021). The key retailers started to follow these principles once faced with COVID-19.
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From the perspective of FI limitations and restrictions are seen as opportunities, for instance isolation
and quarantine caused online education, telemedicine, detection of various disease via digital camera of
smartphone, online services, and other types of Fls. Digital transformation influenced on “value
creation”, “delivery”, and “capture” in each sector. These caused generation of new business models
such as FI and circular economy (Vaska et al. 2021).

The customers were spending more and more time on digital channels like Facebook, Instagram,
Zoom, and WhatsApp during the COVID-19 lockdown duration (He and Harris 2020). Therefore, the
role of digital marketing in reaching out to customers has increased.

Researchers predicted a shift in demand from physical stores to online almost 10 years ago. At that
time, the retailer's online store was a real competitive advantage. “It is now widely recognized that the
Internet’s power, scope and interactivity provide retailers with the potential to transform their customers’
shopping experience, and in so doing, strengthen their own competitive positions” (Alnawas and al
Khateeb 2022).

“There are a number of challenges and opportunities retailers face on their long-term radar such as
changes in consumer behavior and consumer digitalization. These drivers affecting retail sector should
be a key consideration for retailers of all shapes and sizes” this was reflected in the review of 24 years
of research (Penu, Boateng, and Babatope 2022). Then it was a long-term prospect. The companies had
enough time to prepare, building digital capacity, test, and launch Internet channels (Rudskoy et al.
2019).

Research has predicted that by 2025, nearly 20% of retail will be done through online channels. At the
same time, even in countries with a developed digital economy, online food sales lag far behind the rest
of retail. Meanwhile such digital FI as online delivery and digitalization has social contribution to the
fight with pandemic, since it reduces the physical contacts, and influence the decrease of contamination.
It is important to demonstrate recent trends in digital marketing in retail in post-covid period. The purpose

of this article is to investigate the main changes and trends of Russian top 5 food chains.
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Materials and methods
The paper presents the case study of the leading Russian food chains (top-5 retailers) based on the

secondary data, including:

quantitative and qualitative surveys conducted by leading Russian and foreign research companies
(McKinsey, Nielsen, PwC, EIB, RAEC),

news and information sites (rbc.ru, Interfax.ru, finam.ru),

online resources retail (Retail.ru, sostav.ru, etc.),

dedicated resources with expert assessments, trends, and case studies of digital marketing (Think
with Google, Yandex, vc.ru),

first-party, second-party, and third-party data about companies,

scientific articles by Russian and foreign authors on the impact of COVID-19 on business
transformation. Following journal databases were screened: Elsevier, Springer, Emerald, Wiley

Online & so on.

The following key phrases were used in the search: COVID-19 (coronavirus) and food retail, food

industry during the pandemic of COVID-19, food retail digital transformation lead by COVID-19, digital

marketing in retail, food online retail, digital marketing for food retail and COVID 19, and a combination

of keywords and phrases related to the food industry.

Results

Leading players in the Russian food market

The share of TOP-5 chain food-retailers in Russia, according to various estimates, is from 28% to 30%

of the market (see Figure 1). At the same time, over the past 5 years, the total share of leaders has grown

by almost 40% (in 2015, it was only 20.6%).
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Market shares of TOP-5 food-retailers
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Figure 1. Market shares of TOP-5 food-retailers.

Source: the authors

FMCG market is more consolidated in developed countries, In Europe, the share of the TOP-5 reaches

73% (Germany), in the US — 47% (see figure 2).

Market shares of TOP-5 FMCG retailers in different countries
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Figure 2. Market shares of TOP-5 FMCG retailers in different countries.

Source: the authors
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X5 Retail Group is the largest retailer in Russia by turnover. The multi-format grocery retail company
appeared in 2006 as a result of the merger of retail chains Perekrestok (in Moscow since 1995) and
Pyaterochka (founded in 1999). In 2008, the Karusel hypermarket chain was added.

As of 30/06/2020, the company managed 17,025 stores: 16,096 Pyaterochka stores, 867 Perekrestok
supermarkets, and 62 Karusel hypermarkets. Shops are located in 66 regions of the Russian Federation
in 7 Federal districts. X5 plans to increase the number of locations to 20 thousand in 2023 and open stores
in the Far East. Moreover, the company owns 42 distribution centers and e-grocery Perekrestok.ru, mail
services Fivepost.ru, and Express delivery infrastructure.

Net retail revenue of X5 Retail Group in 2019 increased by 13.3% compared to 2018 and amounted to
1.73 trillion rubles. At the end of 2019, it rose from 47th to 42nd place in the top 250 retailers of the
world Global Powers of Retailing 2020 and ranked 11th in the top 50 fastest-growing retailers in the
world (according to Deloitte).

In the first half of 2020, X5's revenue increased by 14.2% to RUB 962.625 billion. Net profit increased
by 7.2% to 24.45 billion rubles.

Magnit is the leader in the number of stores. It was founded in Krasnodar in 1994. As of 30/06/2020, the
chain has 20,894 stores in 65 regions of Russia and 38 logistics complexes in more than 3,700 localities.
About two-thirds of retail outlets operate in cities with a population of fewer than 500,000 people, and
about half of all outlets are open where fewer than 100,000 people live. Magnit plans to increase its share
in the Russian market to 15% by 2023.

The company operates several businesses that grow vegetables, produce groceries and confectionery, as
well as greenhouses and mushroom complexes.

Magnit's total revenue for 2019 increased by 10.6% to RUB 1.37 trillion, while net retail revenue
increased by 9.5% to RUB 1.33 trillion. Magnit's revenue for the 1st half of 2020 amounted to 763.4
billion rubles. Despite the pandemic, in the 2nd quarter of 2020, Magnit showed revenue growth of 13.7%

year-to-year.
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DKBR Mega Retail Group limited appeared on the market in 2019 by the merger of Dixy, Bristol, and
Red and White chains. The new retail player became the third in Russia in terms of revenue after X5
Retail Group and Magnit. Dixy has been on the market since 1992. In 1999, the first "discounter” retail
store was opened.

As of 31/12/2019, the group operates more than 13,000 stores, including 2,659 food stores (2,508 Dixy
and 111 Victoria), 40 Megamart hypermarkets, and over 10,000 Minimart hypermarkets. Dixy operates
in 739 cities and towns in the Russian Federation.

The combined company's revenue in 2019 is estimated at 800 billion rubles. DKBR does not disclose
data for 2020. Lenta went down to 4th place after the merger of the DKBR in the ranking of the largest
retail chains in Russia, but it is the first largest hypermarket chain in the country. It was founded in 1993
in Saint Petersburg. It operates 249 hypermarkets in 88 Russian cities and 131 supermarkets in Moscow,
St. Petersburg, Siberia, the Ural, and Central regions, as well as 12 major distribution centers.

In 2019, the chain increased revenue by 1% to 417.5 billion rubles. Retail revenue in the first half of
2020 increased by 9.6% year-to-year and amounted to 213.4 billion rubles.

Auchan Retail Russia is a Russian subsidiary of the French Auchan Retail group, which has been
operating on the Russian market since 2002. In 2019, the market share of Auchan in Russia decreased to
1.5%, and in 2015 it was almost 2 times more. In the food market, Auchan is in the TOP-5, but in the
overall rating of Russian retailers, it is on the 9th line after M.Video-Eldorado, DNS, Wildberries, and
Leroy Merlin. To date, the chain has 284 stores: 63 hypermarkets, 44 Auchan City superstores, 11 stores,
166 supermarkets, and 17 distribution centers. The company does not disclose data on the results of 2019,
however, according to InfoLine, Auchan's revenue in the Russian market last year fell by 13% and is less
than 300 billion rubles.

In 2020, Auchan is the only one of the TOP-5 that, according to experts, continues to lose revenue.
Auchan's revenue in April 2020 decreased by 25%, and in May by 17% compared to April and May of

last year. The chain has closed 30 stores over the past year.

170



Changes and innovations during the pandemic
The process of launching online stores in Russia stretched over 2 decades. The largest food market

players were in no hurry to develop online channels (see Table 1).

Table 1. E-Commerce Development by major FMCG retailers.

Year of e-commerce launching Major FMCG retailers in Russia
2000 Utkonos

2009 Azbuka Vkusa

2013 Globus Gourmet

2014 Metro, Auchan

2015 O’Key

2016 Semya

2017 Spar, Perekrestok

2018 Red and White, Globus
2019 VkusVill, Verniy

2020 Magnit, Pyaterochka, Lenta

At the beginning of 2020, the situation changed dramatically. Food chains were forced to set up
online sales and delivery of groceries to customers within weeks. Depending on the equipment, digital
maturity, the level of development of their own logistics, they solved this problem in several ways — by
strengthening (like X5 Retail Group) or launching (like Lenta) their own delivery, developing self-pickup
of already assembled goods (like Magnit), as well as entering into partnerships with leading delivery
companies: Sbermarket, iGoods,etc. (like Dixy, Auchan, Magnit, Lenta).

To expand their virtual presence, companies will need to assess their capabilities and then determine
how best to augment them. Even retailers without a strong digital presence, for example, could partner
with online marketplaces or delivery services (Music et al. 2022).

The Table 2 below illustrates distribution options for market leaders in Russia.
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Table 2. Distribution mechanisms of TOP-5 food-retailers.

X5 Retail

Distribution mechanisms Magnit DKBR Lenta Auchan
Group

Own home delivery logistics + + + + +

Click & collect models - + - + +

Third party delivery models + + + + +

X5 Retail Group launched its own express delivery at the end of 2019. Now, this service fulfils 12-
13 thousand orders daily. In July 2020, X5 announced the launch of the Okolo express delivery service
and a unified technological platform for hyperlocal service, which operating model based on partnerships
with small companies in different cities of Russia.

One of Magnit’s key projects is the delivery via Yandex services. Besides, since August 2020, Magnit
has been testing express delivery from Delivery Club. Until the end of 2020, it will be available in
Moscow, St. Petersburg, and the 15 largest cities in Russia. Magnit is also testing a new format - pickup
without leaving the car. Terminals are installed in a specially designated parking area, where customers
register and wait for a store employee who delivers the order directly to the car to minimize contacts with
other customers.

On March 11, 2020, Dixy began selling its products on the Ozone marketplace. In April, its organized
delivery in partnership with Sbermarket, and in May launched its own express delivery of products in
Moscow. By the end of the year, the chain plans that the service will cover all regions of Dixy’s presence.

Lenta cooperates with leading delivery operators Sbermarket and iGoods, but amid the pandemic
launched its own express delivery, Lentochka, which is still inferior to professionals, but improving
gradually.

The pick-up project (click & collect) was developed by Lenta inside the core IT solutions of the

company, so all processes are fully integrated with the cash register system and the loyalty program of
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the chain. The order is collected by the line staff of the offline store. When a customer arrives, the

information desk employee accepts payment from them and adding bonuses.

At the end of 2019, Auchan announced plans to develop online sales, the share of which in revenue

is still small, but in April 2020, it urgently launched delivery from iGoods.

Customer relations and omnichannel

From production to payment - everything is personalized and customer-centric - 91% of shoppers are

more likely to shop from brands that recognize, remember, and provide relevant suggestions and

recommendations. Retailers need to rethink all stages of customer experience (synchronized CRM +

research based on big data exploring) (Rizky Wijaya and Mudjahidin 2022;

As part of the Feedback program, X5 launched the Spy Club project - a unique system for
checking and evaluating stores directly by guests, aimed at the operational improvement of
outlets. Customers of stores act as a mystery shopper and check stores for quality of food,
cleanliness, and order, as well as compliance with general standards. Information about the
identified deficiencies is sent by e-mail to store directors for prompt elimination. For completing
tasks, the club agent receives points on his loyalty card. Checks by Spy Club agents are already

underway in all regions where Pyaterochka operates, in 65% of stores/

Besides Spy Club project (to improve the consumer experience)? X5 has developed a system for
unified customer identification that will allow them to use the services and products of all retail

chains, seamlessly switching between systems.

To increase customer satisfaction, Magnit opens a special testing studio in Krasnodar, where it
will constantly work with consumers to assess the quality of products under the company's own

trademarks. Thus, Magnit plans to study in detail the response of consumers, increase the
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advantages of its brands, launch positions that are relevant to customer preferences, and magnify

sales. In the near future, test studios are planned to open in two more million-plus cities.

e The current Magnit loyalty program will be replaced by the Superapp application at the end of
2020. It will be supplemented with the ability to order the delivery of products, a payment service
through which it will be possible to pay for utilities or communications. A service for scanning

and paying for goods without cash registers and cashiers are already being tested.

e Lenta implemented a Big Data client analytics system based on loyalty cards and open data from
social networks. Innovative analytical services are based on artificial intelligence and machine
learning technologies. The platform used by the Lenta not only remembers and analyzes all
purchases made by a specific cardholder but also compares them with data from social networks.
The work resulted in personalized offers for groups of buyers, an increase in the average check,

and frequency of visits.

Discussion
Over the past few months, the Russian market has undergone global changes - the second largest player

(Magnit) acquired the Dixy, the largest DKBR member, and Lenta got the chain of stores Billa, which
significantly strengthened its position in the market.

In 2015, the 10 largest retailers in Russia accounted for 25% of the turnover, in 2019 this figure increased
to 33%, and in 2020 - right up to 37%, and will only continue to increase, mainly due to the expansion
of networks into the regions.

According to researchers' forecasts, by the end of 2021, the share of the TOP-10 leading Russian retailers
will reach 40% of the total turnover in the market, and the TOP-5 will exceed 30% of the market, which
corresponds to the general trend of players' consolidation.

We would especially like to note that the acquisition of Dixy has become unprecedented in terms of both

competition and customer care. In addition to the enlargement of player #2 (Magnit) and strengthening
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his fight with X5 Retail Group, the antimonopoly service set a condition — zeroing the mark-up on one
low-cost product in the categories: “milk”, “bread” and “poultry”. Buyers should win (both Magnit and
Dixy buyers have below average income), thus solving the social problem of improving the quality of
life in conditions of decreasing incomes of the population.

Some experts believe that at first Magnet will zero the markup and may even provide additional discounts
to attract buyers, but in the long term, prices will return to their usual level.

In further research, we will analyze how the market has changed after the unprecedented consolidation
of one of the players, what responses X5 has taken and in what direction the quality of life of consumers
in this market has changed.

The second important area of our research is FoodTech, a new direction that integrates digital
technologies into the food industry and food delivery to the end-user.

The FoodTech market in Russia has existed for more than 20 years, but during the pandemic, online food
sales increased by more than 3 times (see Figure 3), and in the first half of 2021 its volume almost reached

online sales of the all 2020.
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Figure 3. Dynamics and market volume of the FoodTech, billions of rubles, on years.
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Source: the authors according to INFOLine Russia TOP online food retail.*

When the first coronavirus restrictions were lifted, some experts predicted the stagnation of this market,

as visits to offline stores began to recover. However, over time, we see that this was a temporary

phenomenon (see Figure 4).
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Figure 4. Dynamics and market volume of the FoodTech, billions of rubles, quarterly.

Source: the authors according to INFOLine Russia TOP online food retail?

Buyers are accustomed to the convenience of home delivery of groceries; in the current conditions of

fierce competition, it becomes free and fast (express delivery beats large-scale delivery ("vprok™)).

1 "Giperskachok onlajn-torgovli: novy'e lidery i ix strategii” [«Hyper-jump of online trading:

strategies”  (in  Russian)] INFOLine Russia TOP online food retail. Video
https://www.retail.ru/video/giperskachok-onlayn-torgovli-novye-lidery-i-ikh-strategii/ :

2 "Giperskachok onlajn-torgovli: novy'e lidery i ix strategii” [«Hyper-jump of online trading:

strategies”  (in  Russian)] INFOLine Russia TOP online food retail. Video
https://www.retail.ru/video/giperskachok-onlayn-torgovli-novye-lidery-i-ikh-strategii/ :
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new leaders and their
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https://www.retail.ru/video/giperskachok-onlayn-torgovli-novye-lidery-i-ikh-strategii/
https://www.retail.ru/video/giperskachok-onlayn-torgovli-novye-lidery-i-ikh-strategii/

We plan to study FoodTech trends in our further research.

Conclusion
Having analysed the situation on the market, as well as the results of research of Russian and foreign

companies, we highlight the following trends of digital marketing in retail in terms principles of Fls:

1. Customer Centricity: functional boundaries within organizations are also being dismantled to align
structures to customer needs. The process has been further accelerated through digital as big data is now
making it possible to analyze shopper behavior in great detail and customize the delivery format to
individual consumer requirements through personalization (Elrhim and Elsayed 2020; Sun and Zhang
2021).

2. Co-creation: consumers help co-create the value proposition basis their willingness to provide
feedback which helps refine delivery models on an ongoing real time basis, e.g. “the Spy Club project”
launched by X5 Group (Qidi 2021; Bu, Parkinson, and Thaichon 2022)

3. Omnichannel. Due to the pandemic, consumers have become more flexible when choosing a buying
channel. 73% of shoppers do not differentiate between online and offline purchases (up from 65% before
the crisis). Consumers are interested in integrated services and a convenient buying process regardless
of the chosen channel (ben Mimoun, Lancelot Miltgen, and Slama 2022). Seamless integration of the
website, mobile application, store, call center, instant messengers - all touchpoints with the client is
required. Researchers wrote about omnichannel interaction with consumers back in 2012-2014.
According to Alexandrova and Kochieva (2020) “retailers must pursue a strategy of an integrated sales
experience that blends online and instore experiences seamlessly”. “The retail model will evolve from a
single/multiple channel model to an integrated hybrid cross-channel model.” (izmirli, Ekren, and Kumar
2020). In future physical stores will closely related to digital experiences and technologies (von Briel
2018). Back in 2019 omnichannel seemed like a prospect, but now it has become a reality. Already today,

the development of omnichannel business models is the focus of business leaders and marketers.
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4. Customer interaction. “The shifting customer behaviors brought on by COVID-19 reflect the
acceleration of anticipated trends, the emergence of new preferences, and a complete reversal of some
long-held routines” (Hashem and Hashem 2020). To collect initial information, companies need
customer insights, their assessment of the range, service, and synchronized CRM. To process the
information received, in addition to the appropriate software, technologies for working with big data are
required, as well as specialists who can work with Big Data, combine, and analyze data from different
sources (marketing, procurement, sales, etc.) (Liu et al. 2021). “The challenge is to continuously monitor
customer demand signals, identify the right insights, and act quickly to turn them into relevant, valuable
customer interactions” (Kumar and Ayodeji 2021).

Also, the most important trend in changing retailers’ business models is business diversification —
mastering new directions: products, services, ways of interacting with customers.
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3.5. Digital transformation of business model of Russian food retailers during

covid-19 pandemic through lens of frugal innovation

Conference paper, Conference “Global challenges of digital transformation of markets (gdtm-2021)"
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Authors: Burmistrov A., Melikova E., Kolosova T., Melnikova L.

The paper "Digital transformation of business model of Russian food retailers during Covid-19 pandemic
through the lens of frugal innovation™ is a conference paper that was accepted for publishing in MDPI-
NOVA in 2022. The conference, "Global challenges of digital transformation of markets (gdtm-2021)",
has a Scopus cite score of 3.8 and focuses on a wide range of publications related to practical and
theoretical perspectives on the digital transformation of markets, with management science as its
common core. It includes papers from both the real sector of the economy and academia, covering various
areas of management, including functional management, human-centered technologies, marketing
strategies, industrial management, life quality, methodology, and best practices in economics. Our paper
contributes to this conference by analyzing the digital transformation of food retailers' business model in

terms of frugal innovations, taking into account the exogenous driver of the Covid-19 pandemic.

ABSTRACT
The purpose of this paper is to provide an analysis of how Russian food retailers’ business model (BM)

has been transformed. COVID-19 forced the emergence of numerous frugal innovations, which tackle
the social and business issues in times of restrictions. One of them is the digital frugal innovation. This
paper considers digital transformation of the BM due to an exogenous driver, i.e., pandemic of COVID-
19. The analysis of changes in the elements of the business model based on the Osterwalder-Pigneur
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template is carried out. The key directions of business model digital transformation in retail are revealed.
Our findings demonstrate the use of extended enterprise concept by the most of the key retailers, via
close interaction and involvement of partners; organizational speed which focus on fast change of
business processes, products and services; digital transformation that aims at increase of productivity,
cost reduction, increase of sales, and market share; business diversification, which includes focus on new
products, services, customer involvement, new markets, changing the business model, meanwhile the
most important trends are omnichannel and customer interaction. However, all these approaches focus
on customer satisfaction.

Keywords: Digital transformation, business model, e-grocery, food retail, COVID-19, frugal innovation

Introduction

The pandemic has caused a rapid increase in e-commerce, due to people's fears of getting infected
when shopping in stores. Dynamic changes in customer behavior have created a new demand. Customers
began to order online food and goods that they previously bought in online stores. “The spread of
COVID-19 is an event at landscape level and the implementation of ‘stay at home’ changes the socio-
technical (sub-) regime of food retail. The results specify the windows of opportunity in the current
transition” (Dannenberg et al. 2020).

Frugal innovation (FI) has been recognized as one of the solutions which tackle social, economic, and
environmental issues in scarce resources. Since the COVID-19 crisis caused numerous restrictions and
lack of resources, companies including retailers have drawn their attention to the above-mentioned types
of innovations. FI considers the resource-scarce as an opportunity, it implies the development of solutions
under restricted resource and other limitations, which are affordable, uncomplex, sustainable, it also
focuses on the satisfaction of underserved customer needs, which cannot be fulfilled conventionally

(Melnikova 2021; Hossain 2021; Hossain, Simula, and Halme 2016; Zeschky, Widenmayer, and
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Gassmann 2011). Other researchers in different countries note that the crisis can become not only a
problem but also an opportunity for development. For example, the Italian economist D. Archibugi, back
in 2017, noted the impact of the crisis on innovation. “Crisis can create and push innovations and their
diffusion because of changing socio-political contexts”(Archibugi 2017). Retailers were forced to
urgently rebuild the entire sales system and develop an infrastructure for online sales — through
aggregators and marketplaces or by promoting their own channels.

Lee and Malerba (2017) distinguish “three types of windows of opportunity: windows that are opened
by new basic technologies like within digitalization; windows based on a new type of demand or a major
shake-up of existing demand; institutional windows induced by public intervention.”

“Digitalization during ‘stay at home’ could be such a field of special demands and policy
intervention. The innovation of food online trade has already emerged in a niche and could now
significantly affect the middle — and mediating — level of the socio-technical regime and possibly the
landscape”(Dannenberg et al. 2020).

As a result of the pandemic, companies had to adapt all processes to operate in a constantly high-
demand mode. The hype akin to New Year's was observed continuously for two spring months. Grocery
chains around the world have had to rebuild and adapt to this rhythm, especially in online sales.

E-grocery (trade in food, beverages, household chemicals, and so on — the product ranges of
hypermarkets via the Internet) suddenly become the focus of all retail chains. Before 2020, the online
store was an additional option for food chains, but now it has become one of the main sales channels.
This has as-yet unclear implications for the long-term digital transition of the food retail sector and the
further expansion of e-grocery. It is necessary to find out if changes in online trade, that were incremental
before the COVID-19 pandemic, would become disruptive for the traditional retail business model.

Regarding the investigations of pandemic effect on food retail, its implication has been considered in

the context of:
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food industry (Nakat and Bou-Mitri 2021). Nakat and Bou-Mitri explore the current knowledge
about COVID-19 and its impact on the food industry. Their literature review marks an increasing
number of published studies related to COVID-19 and the food industry, food safety, supply chain,
and demand, which indicates the relevance of this subject and the need for more in-depth research in
all countries.

food processors (Hailu 2020). Hailu investigates the impact of COVID-19 on the Canadian food
industry. He notes a simultaneous increase in retail demand for processed food and a decrease in
demand for foodservice. Moreover, Hailu points to supply and demand shocks: supply problems
related to border closures and demand problems due to changing consumer behavior.

food security (Erokhin and Gao 2020). Erokhin and Gao revealed interactions between food security
and the dynamics of COVID-19 cases, food trade, and food inflation. They emphasized the need for
stability of food supply chains, necessity to design coherent and effective policies to mitigate the
impact of COVID-19 on food security across developing countries. Research of 45 developing
countries, differing in income level, detected that insecurity effects of COVID-19 were more
conspicuous in upper-middle-income economies (food trade restrictions and currency depreciation,
what we also see in Russia) than in the least developed countries (predominantly food inflation).
food safety (Shahbaz et al. 2020). Researchers studied the spread of COVID-19 via person-to-person
transmission at local, regional, national, and international levels and suggested methods needed to
prevent the spread of Covid-19 in the foodservice and retail sector.

supply chain and demand (Singh et al. 2020; Rejeb, Rejeb, and Keogh 2020; Mahajan and Tomar
2021). Whereas the first, point out that lockdown gives rise to a shortage of labor force and logistics
disruptions. The result is supply-side shocks and a sudden surge in demand-side to the food supply
chain like what Hailu (2020) noted. Rejeb, Rejeb, and Keogh (2020) collected data from a leading

scientific database (e.g. Scopus), books, chapters, conference proceedings, reports, websites, journal
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articles, and presented a critical literature review to examine the impact of Covid-19 on the food

supply chain.

e Mahajan and Tomar (2021) used a novel dataset from one of the largest online grocery Indian retailers
to look at the impact on product stockouts and prices. They clarify that supply chain disruption is the
main driver behind this fall and illustrate how online data can be used in conjunction with other
datasets for real-time planning, logistics, and organization.

o on food retail (Dannenberg et al. 2020; Goddard 2020). The authors investigated the impact of
the pandemic on fast growth online grocery retail in Germany and Canada. Researchers from
Germany have shown disproportionate growth in online grocery trading, as well as identifying
driving and limiting factors. This article, like our research, focuses on food (e-grocery) retailing
and its expansion, both economically and spatially. They found no notable change and noted that
food retail in Germany has remained largely unchanged in terms of dominant business models
and distribution mechanisms, and this is where we see the difference from Russian retailers.
Goddard (2020) notes that the impact of the COVID-19 outbreak on the food retail sector in
Canada is significant and falls into two lines: the actual impact on human health and dramatic
changes in food consumer behavior. In addition, she claims that, in the context of the pandemic
in Canada, about 30% of the budget spent on food away from home has shifted to retail which is
similar to Russia.

It is important to note that the observed increase in the number of studies on various aspects of the
impact of COVID-19 on the food sector indicates the urgency of the problem. At the same time, despite
the increased interest in this issue, the influence of COVID-19 on the transformation of business models
of food retailers, is not sufficiently covered. The purpose of this article is to fill in the gap, investigate
the measures taken by Russian retailers, and assess their dynamics of development and prospects.

Theoretical background
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FI is known as a type of innovation that tackles social, economic, and environmental issues in scarce
resources. The term first appeared in 2006, in the Renault-Nissan case, as a cost-effective, quick solution
under limited resources Radjou and Euchner (2016). FIs were born in developing countries, focusing
primarily on customers from Bottom of the Pyramid (BoP). Lately, they were used in developed countries
as well. The largest category of Fls is focused on the IT sector (Hossain 2021). “Frugal Innovation is a
design innovation process in which the needs and context of citizens in the developing world are put first
to develop appropriate, adaptable, affordable, and accessible services and products for emerging
markets” (Basu, Banerjee, and Sweeny 2013). FI is a “new developed products or services for very
specific applications in the context of limited resources” (Pisoni, Michelini, and Martignoni 2018). FI
refers to design or implementation of new inexpensive products, business models, and services without
unnecessary complexity, functional, affordable for each category of customers (van Beers, Knorringa,
and Leliveld 2012). To sum up, according to the issues we explored in our study, we consider Fl as a
type of innovation which refers to quick response to the issue, affordability, functionality, simplicity,
sustainability focusing on the needs of customers in scarce resources. The main principles of FI are:
“engage and iterate, flex your assets, create sustainable solutions, shape customer behavior, co-create
value with prosumers, making innovative friends” (Radjou and Euchner 2016).

Usually, the examples of FI in the digital sector are crossed with others among them are online
banking for rural areas in Africa, digital cameras of smartphone for disease detection, digital manufacture
of masks in COVID-19 pandemic, and telemedicine during quarantine for patients, including terminal
patients. Some aspects of Fl are seen in open innovations (Didenko et al. 2021; Bril et al. 2021).
Materials and methods
Data

In this article, we will focus on the Russian grocery market, where the digital transformation of
business models helps retailers meet the rapidly changing needs of customers.

We analyzed not only research and survey results, specialized media information, official statistics,

company data but also actual food-related articles, newspapers, various sources publications, and online
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media articles, and so on from March 2020 to October 2020 to gain factual knowledge about the impact
of the pandemic on business.

The research is based on the following sources:

quantitative and qualitative surveys conducted by leading Russian and foreign research companies

(McKinsey, Nielsen, PwC, EIB, RAEC),

e news and information sites (rbc.ru, Interfax.ru, finam.ru),

e online resources retail (Retail.ru, sostav.ru, etc.),

e dedicated resources with expert assessments, trends, and case studies of digital marketing (Think
with Google, Yandex, vc.ru),

e first-party, second-party, and third-party data about companies,

e scientific articles by Russian and foreign authors on the impact of COVID-19 on business

transformation. The following journal databases were screened: Elsevier, Springer, Emerald, Wiley

Online & so on.

Analysis
The analysis of the obtained data was carried out based on the Osterwalder-Pigneur business model

canvas (Osterwalder et al. 2005), which covers all four main business areas: the company's financial
efficiency, sales, infrastructure, and interaction with consumers.

Results
The share of the leading 5 chain food retailers in Russia, according to various estimates, grows from 20%

in 2015 to most nearly 30% in 2019. In time present, the leaders in Russia are X5 Retail Group (marker
share in 2019 is 11.5%), DCBR (7.6%), Magnit (5.7%), Lenta (2.5%), and Auchan (1.5%). The market
is fragmented due to the large territory of our country and some remoteness of its regions. Even the
leading retailer X5 does not operate in the Far Eastern Federal District and is very poorly represented in
the Siberian and North-Caucasian Federal Districts. There is great growth potential, but there are many

logistical and organizational challenges.
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The COVID-19 pandemic has forced leading Russian food chains to set up online sales and grocery
delivery to customers within weeks. Depending on the equipment, digital maturity, the level of
development of their logistics, they solved this problem in several ways — by strengthening (like X5
Retail Group) or launching (like Lenta) their delivery, developing self-pickup of already assembled
goods (like Magnit), as well as entering into partnerships with leading delivery companies: Sbermarket,
iGoods,etc. (like Dixie, Auchan, Magnit, Lenta).

To expand their virtual presence, companies will need to assess their capabilities and then determine
how best to augment them. Even retailers without a strong digital presence, for example, could partner
with online marketplaces or delivery services (Sheth 2020).

The main distribution options for market leaders in Russia are the following: own home delivery
logistics, third party delivery models (both are implemented by all leading retail chains), click & collect
models (Magnit, Lenta, Auchan).

So, to reach out to customers in the context of the crisis caused by the COVID-19 pandemic retailers
had to transform the building block "Channels™ by turning to omnichannel interaction with them
(customers). It’s worth mentioning that nearly all elements of business models have changed to some

degree (see Table 1 below).

Table 1. Main trends in changing retailer’s business models.

Business model’s building blocks Main trends in changing building blocks

Customer segments entering new markets (drug trade)

Value propositions co-creation (consumers help to co-create the value propositions)

Customer relationships personalized and customer-centric

Key activities hyperautomatization (deep automatization, including decision-making
processes) and robotization of internal business processes

Key resources big data (making it possible to analyze shopper behaviour)
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Business model’s building blocks Main trends in changing building blocks

Key partners o digitalization of interaction with suppliers and partners

e «extended enterprise»

In July 2020, McKinsey researchers surveyed 899 CEOs from various companies and found out what
changes and solutions allowed them to remain effective and gain competitive advantages in 2020. “The
online survey was in the field from July 7 to July 31, 2020, and garnered responses from 899 C-level
executives and senior managers representing the full range of regions, industries, company sizes, and
functional specialties” (LaBerge et al. 2020, "How COVID-19 has pushed companies over the
technology tipping point—and transformed business forever”, ed. Seiler, D. Last Modified October 5,
2020. Accessed August 6, 2021: https://www.mckinsey.com/business-functions/strategy-and-corporate-
finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-and-
transformed-business-forever?).

Table 2 below shows which of the main trends are reflected in the actions of leading Russian food
chains. This is an unprecedented increase in the speed of decision-making and implementation of
changes, the digital transformation of business, as well as the development of partner programs.
Successful retailers interact with customers all along the user's path, carefully study changing demands,

use various communication channels and sales methods, and ways to deliver products to their customers.

Table 2. General trends of changes in the TOP-5 players.
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extended organiza-tional customer business
digital transformation Omni-channel

enterprise speed interaction diversify-cation

X5 Retail
+ + + + + +

Group
Magnit + + + + + +
DKBR + - + - + -
Lenta + + + + - +
Auchan + - + - - -

Auchan, which is losing revenue, was marked only by partnerships with suppliers and digitalization,
without which it is impossible to work in 2020. We do not see any quick and clear organizational changes
that would allow this chain to not lose sales in the changed conditions. Auchan does not develop
relationships with customers, identify needs, increase loyalty, etc. It also does not provide a "seamless”
omnichannel interaction experience, although the Auchan online store was launched back in 2014, one
of the first among major food chains.

DKBR also does not communicate well with clients. Their main efforts this year are aimed at
maintaining the operation of all networks and franchises, selling through the marketplace, and organizing
delivery with partners, as well as developing their express delivery.

Lenta does not diversify its business (but tests new concepts), wherein, it is the best in loyalty
programs and the development of customer relationships. The company elaborated on a successful
loyalty program to track consumer preferences and customer behavior. 97% of all sales in Lenta stores
are carried out using loyalty cards; today the company has about 16 million active cardholders.

X5 and Magnit are fighting for leadership in the Russian market. Each of these networks has created

its strategy, which reflects not only all the main trends but also its developments and solutions. This
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allows us to reach a qualitatively new level of relations with customers, partners, suppliers, organization

of interaction between departments within the company, work with Big Data, and so on.

Discussion
During the buying rush, sales growth was demonstrated by all channels, even hypermarkets, in which

the sales dynamics have been negative over the past years. However, after overcoming the threshold of
peak demand, offline sales slowed down at a high pace. By mid-April, the values returned to their usual
level: in discounters and supermarkets, the growth was 13%, while in hypermarkets they decreased to -
14%.

At the same time, the dynamics of online sales did not follow the general trend, remaining at a level
significantly higher than the average annual rate. Nielsen found that the online FMCG market had shown
an increase of + 92% at the end of the year ended in April 2020. For the previous similar period, it was

almost 2 times less (+ 50%) (see Figure 1).

Average annual sales dynamics in FMCG
100%%
90%
80%
70%
60%
50%
40%
30%
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v I I

FMCG offline Supermarkets Supermarkets Maximarkets FMCG online
market market

Figure 1. Average annual sales dynamics in FMCG.

According to Yandex research, the trend for the development of e-commerce in the FMCG sector has

every chance of gaining a foothold in the long term, since from 56% (food) to 75% (personal hygiene
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products) of respondents did not plan to reduce the share of online purchases even after removing all
restrictions.

During the pandemic, people have developed a habit that is no longer so easy to abandon. Choosing
a product on the Internet (even food) has become a daily routine for most, and networks with an
underdeveloped Internet channel are already perceived as irrelevant. Even with the normalization of the
epidemic situation, the removal of restrictions, the absence of fear of infection, and the return to "normal”
life - the shopping experience will not be the same.

Research showed that “online retailers will have more sales over the next five years, even if their
customers choose physical stores. This underlines the importance of integrating online and offline
commerce, omnichannel interaction with consumers, and providing them with a choice of a convenient

way of communication” (Ramazanov et al. 2021) (see Figure 2).

Consumer spending online and in stores

W Online M Stores

2024

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2. Consumer spending online and in stores.

Researchers argue that by 2024, 53% of retail revenue will be generated by companies with a business
model that includes digital sales channels, while in markets with strong digital marketing, such as the

UK and the US, omnichannel retailers will account for two-thirds of total income.
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It seems that the companies themselves also believe that the achieved level of online sales is far from
the limit and are planning additional investments in this area even with a reduction in other costs. Nielsen
surveyed directors of the companies involved in the FMCG production and sale, in the matter of what
they intend to do to improve business efficiency. 62% of manufacturers and 85% of retailers said they
need to increase their investments in online retail in the next 12 months, and 23% and 38% respectively

plan to revise the company's strategy with a focus on online (see Figure 3).

Manufacturers and retailers' plans to improve business

effici ency W Manufacturers
100% 85%
80% 62% 67% 62%
60% _ 26% _ >4% 50% ap0
0% 6% 6% 38%
A0% 23%
s . |
0%
Attracting Keeping cash flow Reducing Termination of Revision of the
investment in online and profits discretionary hiring and strategy with a
trading spending workforce focus on online

aptimization

Figure 3. Manufacturers and retailers ' plan to improve business efficiency.

Conclusion
Having analyzed the situation on the market, as well as the results of research of Russian and foreign

companies, we highlight the following trends in changing business models and methods of business
interaction in terms of FI:

1. Extended enterprise, increasing the number of joint projects. During the pandemic, digital-
oriented businesses needed global infrastructure development, while offline companies needed a
streamlined distribution system through online channels. These changes require significant investments,
both financial and time. Partnerships are becoming the most effective way to quickly get the missing
resources. Companies use the extended enterprise concept, which implies close interaction with suppliers
and partners, aimed at meeting the needs of end-users. It can be both contractual relations, cooperation,
and strategic partnership, which implies the integration of processes, systems, information, and

employees.
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2. Organizational speed, an increase in the dynamics of the passage of business processes, and a
rapid change in products and services following customer requests. During six months of work in a
pandemic, companies were forced to not only adjust strategies but also implement new digital platforms,
test various formats, and very quickly make effective tactical decisions to meet changing customer needs.
“Amid the COVID-19 pandemic, executives and directors say their organizations are making extensive
changes with one overriding goal: to increase the speed at which they adjust strategic direction, make,
and implement tactical decisions, and deploy resources. Leaders see three primary opportunities to
overcome these challenges: building faster decision-making mechanisms, improving internal
communication and collaboration, and increasing the use of technology overall development strategy and
as a change management mechanism (de Smet et al. 2020, "The need for speed in the post-COVID-19
era—and how to achieve it", ed. Hanselman H. Last Modified September 9, 2020. Accessed August 5,
2021. https://www.mckinsey.com/business-functions/organization/our-insights/the-need-for-speed-in-
the-post-covid-19-era-and-how-to-achieve-it.). Digital transformation is understood to be a significant
increase in productivity, cost reduction, an increase in sales, market share, etc. Through the introduction
of digital technologies, which become not only a source of economic efficiency but also an essential
component of the business. “Digital adoption has taken a quantum leap at both the organizational and
industry levels. According to a new McKinsey Global Survey of executives in July 2020, their companies
have accelerated the digitization of their customer and supply-chain interactions and their internal
operations by three to four years. And the share of digital or digitally enabled products in their portfolios
has accelerated by a shocking seven years” (LaBerge et al. 2020, "How COVID-19 has pushed companies
over the technology tipping point—and transformed business forever", ed. Seiler, D. Last Modified
October 5, 2020. Accessed August 6, 2021: https://www.mckinsey.com/business-functions/strategy-and-
corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-

point-and-transformed-business-forever?).
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4. Business diversification — mastering new directions (products, services, ways of interacting with
customers), new markets, changing the business model. Leading food retailers, using their infrastructure,
enter new markets (drug trade), develop new formats (discounter), develop their delivery services
(Lentochka, Okolo).

Also, the most important trends are omnichannel and customer interaction (Burmistrov A and
Melikova E 2021).

Companies that were able to reconstruct quickly at the beginning of 2020, adapt their strategy to
changing conditions, using FI business models and approaches, they launch new business processes and
build actual relationships with consumers have every chance not only to increase revenues in the short
term but also to occupy the market share of companies who failed to cope with the organizational,
logistical, analytical, and digital transformation of their business. The direction of further research will
be the retailers' development trends study in the post-covid period.
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3.6. Frugal innovations and implications, a single case study on dairy farming from

developed countries

Paper is under review in Technology in Society (Melnikova & Gilsanz); Scopus Q1; H-INDEX-58;
ISSN 0160791X; SJR 2021-1.138; Impact score-7.82.

Authors: Melnikova L., Gilsanz A.

Paper Frugal innovations and implications, a single case study on dairy farming from developed
countries is an original research article currently is under review in Technology in Society; Scopus Q1;
H-INDEX-58; ISSN 0160791X; SJR 2021-1.138; Impact score-7.82, it is an international journal peer
reviewed journal aimed at transformation in technology, management, society, business, and philosophy.
It publishes wide range of research works from theoretical approaches to applied one including
management, decision making, business innovation and technology management; and development
perspective approaches, it includes review and original research articles, where the common thread is the
technology in economics, politics, and culture. The journal publishes a lot of works in field of frugal
innovation. Presenting a case study of frugal innovation that reveals various aspects of benefits such as
sustainability, social, and economic performance through lens of organizational innovations and frugal
innovative product our research contributes to the scope of the journal exploring social, economic, and

sustainable values of frugal innovation.

Highlights

e This study explores how frugal innovation (FI) contributes to the provider and receiver of (FI).
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e Itexplores social, economic, and sustainable values of FI, through organisational innovations and

frugal innovative product.

e It demonstrates that FI benefits to the customer (dairy farmer) improving milk yields and welfare,

and reducing costs (vet and feed), finally increasing the profitability.

e It shows how frugal innovation serves underserved customers in developed countries, using a

case study from dairy farming.

Abstract

The dairy sector requires sustainable production along with profitability and social aspects. This research
targets to explore how frugal innovation (FI) impacts the dairy farm's economic performance and how it
benefits the seller and the dairy farm in developed countries. It explores various aspects of benefits such
as sustainability, social, and economic performance which can become a win-win solution. Our results
demonstrate the main benefits for farmers are, increase of profitability, and welfare of the herd. This
research is one of the first on FI in the dairy farming sector. Exploring the FI case from dairy industry
contributes to the academics presenting how and what benefits deliver FI. From the practical perception,
it could be useful for dairy farmers, policymakers, and other actors on the market, since it shows how a
company using FI can meet the customers’ needs, delivering benefits to dairy farming, making it more

sustainable and profitable.

Keywords: frugal innovation; dairy industry; profitability; sustainability; developed countries
Introduction
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Frugal innovation (FI) is called to provide solutions for unserved customers in limited constraints
(Hossain 2018). The term was born in developing countries tackling only them previously, however,
lately, it was referred to developed ones (Wohlfart et al. 2021). FI is the type of innovation that refers to
an affordable, effective, uncomplex, sustainable solution for limited constraints circumstances (Hossain
2020, 2021; Zeschky, Winterhalter, and Gassmann 2014). The discourse about the necessity of
sustainable production in the dairy farming sector raises, while the affordability of resources decreases,
FAO (2010) claims that dairy farming appears as one of the major contributors of CH4 and CO2
emissions, also often compromising the welfare of the animals (Keeling et al. 2019). Meanwhile, the
instability and low prices for milk along with raising operational costs like fuel, and feed make the
business to operate under scarce resources (FAO 2020). European governments try to support the
incomes of the dairy farming sector via providing subsidies, and voluntary coupled support (VCS)
(European Commission, 2020). However, it is not enough, the number of farms with dairy cows reduced
by 81 percent over the period from 1983 to 2013, which is also associated with low profitability of the
dairy farming business (Augere-Granier M.L. 2018), and several crises faced the dairy farming industry
had a significant negative impact on competitiveness and economic performance of this sector. Thus,
there is a need for a win-win solution that could tackle the above-mentioned problems. FI can be
considered as an effective way to serve dairy farmers sustainably. However, there is a near dearth of
research on FI in the dairy sector, though, a low-cost milking machine developed in India considered
from the perspective of the sustainable business model presented in studies of Hossain (2021) and
empowering female entrepreneurship in the dairy business and its driver for a market boost in Kenya

mentioned in works of Sydow & Funké (2021).

Using a single case study of FI in developed countries, this research provides several contributions. First,

it identifies the process of how FI benefits the dairy farmers and seller in terms of profitability,
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sustainability, and social aspects. Secondly, it shows how FI contribute to sustainable development goals.

Thirdly, it demonstrates what benefits receive the dairy farmers and providers of FlI.

Understanding how FI benefits the business entities in terms of process and results is crucially important,
and studying them together could reveal a 'black box' for understanding how sustainably serve the
businesses (dairy farms), increasing their economic performance in developed countries. Hence, the
objective of our research is to explore the way how FIs provide the benefits to the customer and provider
of FI and to identify these benefits in terms of sustainability, profitability, and social aspects in developed
countries, taking into account the specific context of the dairy farming industry. We focus on how

affordable, effective, sustainable Fls are, how do they benefit the companies' performance.

Theoretical review
Fls are called for solving economic, social, and sustainable problems of the community. Nowadays, they

serve customers in developed and developing countries as well, however, there is strong pressure from
dairy livestock farming to serve them in an economically effective and sustainable way. Companies try
to develop solutions that could satisfy the needs of communities in scarce resources. Here we present the
discussion of literature for FIs, their presence in developed countries, relevance, necessity, and

justification for adoption in dairy farming as follows.

Frugal innovations
During the last decade, Fl attracted the attention of researchers which is reflected in a boost of

publications (Dangelo and Magnusson 2021; Melnikova and Gilsanz 2022).The first research paper on
FI in English appeared in 2005 (Pisoni, Michelini, and Martignoni 2018). The ontology of the word refers
to 1542 it appeared from 'Latin frugalis virtuous, from frug-, frux fruit, value' (Merriam-Webster 2021).
FI presents a new business approach where companies provide solutions for underserved customers in
the context of scarce resources while contributing the sustainability (Hossain 2020). The phenomenon is
pretty new and indeed the definition of FI is under debate. Fl is seen as creating resource-limited but

quality and more affordable than existing solutions (Zeschky, Winterhalter, and Gassmann 2014).
203



According to Agarwal et al. (2017) FI refers to a good enough, inexpensive solution that serves the
requirements of scarce-resource customers. Others claim that FI is a 'resource-efficient innovation' (Ploeg
et al. 2020). FI was born in India and created for developing countries (Krishnan and Prashantham 2019),
it was aimed at filling the needs of Bottom of the Pyramid (BoP) customers by cheap 'good enough'
quality products or services (Radjou, Prabhu, and Ahuja 2012; Prahalad C.K. 2005). FI can be seen as a
mindset, as a process, or as an outcome, and practised independently. It focuses on doing more with less,
providing effective solutions without investing or owning R&D (Radjou and Euchner 2016). They can
appear from grassroots, domestic companies or Multinational Corporations. Previous research delivered
initial insights into serving scarce-resource customers in developing countries (Gupta and Thomke 2018;
Hossain 2020). Some of the authors suggest criteria and principles for defining Fl, such as decrease of
cost, core functionality, optimisation (Weyrauch and Herstatt 2016); quality, affordable price,
incomplexity, and sustainability (von Janda et al. 2020); 'engage and iterate’, 'make innovative friends’,
‘create sustainable solutions’, ‘flex your assets’, 'shape customer behaviour', 'co-create with other
prosumers' (Radjou and Prabhu 2015); robust, lightweight, and simple (Basu, Banerjee, and Sweeny
2013); 'low to medium sophistication’, 'medium sustainability’, and 'medium emerging market
orientation' (Brem and Wolfram 2014). There are different examples of FI solutions from domestic
companies and Multinational Corporations, from engineering and manufacturing to business models, for
instance, 3D printing in cardiology (Ali et al. 2020); digital creating of face masks, face shields and
valves in fighting with Covid-19 (Corsini, Dammicco, and Moultrie 2021); or business model for low-
income patients in eye care clinics (Arshad, Radi, and Radi 2018)Summarising the above-mentioned FI
is a type of innovation that refers to the creation, development, and implementation of a sustainable,
efficient, affordable, functional solution without compromising the quality, it may include processes,

services or products which meets the needs of scarce-resource customers.

Developed countries
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Despite the fact that FIs were previously used in developing countries, lately, they became related to
developed ones (Zeschky, Winterhalter, and Gassmann 2014). The need for Fls in Europe has increased
during the last years (Kroll et al., 2016). Moreover, the series of crises from 2020-2022, including food
and energy, decrease in real incomes, concern about the environment, and sustainability led to the higher
demand for Fls, since their affordability, sustainability, and prompt response globally, including
developed countries (UN 2022; Eurostat 2021). The Paris Agreement and 'European Green Deal' require
sustainable production and consumption, with fewer resources and reconsideration of production chain,
meanwhile, the use of scarce resources for production and limitation of consumers' resources create a
potential market for FlIs in developed countries, particularly in Europe (Glanemann, Willner, and
Levermann 2020; Fetting C. 2020). Moreover, the trend in developed countries for sustainable
consumption refers to a frugal mindset for production and consumption as well, customers concerned
about the profile of the producer in terms of sustainability. There is also a need for the adaption of FI to
the environment of particular locations and circumstances for developed countries (Brem et al. 2020).
For instance, for consumers from developed countries, quality and sustainability are more important than
low prices (Costa, Teixeira, and Brochado 2020). Thus, 'sustainable frugal innovation' could be more
attractive for them (Albert 2019). The FI in developed countries refers to a 'second-degree frugal
innovation' (Winkler et al. 2020), while FI which is firstly introduced in developing countries and then
transferred to developed one refers to 'reverse innovation'. The readiness for FI in developed countries
improved and underserved customers present a large potential market, companies need to use new
practises by involving economic, social, and environmental aspects to boost their competitiveness

(Melkas et al. 2019; El-Kassar and Singh 2019).

Dairy farming industry
Dairy farming requires sustainable production which includes environmental performance, social issues,

public health, and profitability (FAO 2010). FI is one of the concepts that tackles these aspects.
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Emissions and environmental issues
Dairy farming is one of the most intensive contributors to emissions. The dairy sector contributes over

four percent to the total global anthropogenic amount of Greenhouse Gas (GHG), while the entire
livestock refers to 18 percent of emissions. The emissions of GHG from cradle to farm gate include
processes for producing and delivering grass, crop residues, by-products, and concentrates, feed crops;
ruminant enteric fermentation (CH4); emissions from manure storage (CH4 and N20). The production
of GHG emissions from the dairy herd accounts for 1,969 million tonnes of CO2 of which 1,328 million
tonnes (£26 percent) are referred to milk. Methane (CH4) is considered the main contributor from dairy
farming and is estimated for 50 percent. It is also correlated with low milk production per head and low
digestibility of the feed, moreover, the lowest emissions per kg of milk yield are presented in developed
countries with higher milk yield (FAO 2010). The production of palm oils which are used in feeding
doubled from the period 2000 and 2019 (USDA 2021). This in turn influenced land converted from the
forest and natural grasslands, deforesting, and became a significant preoccupation for the global

community (Wilkinson J.M. and Young R.H. 2020; Taheripour, Hertel, and Ramankutty 2019).

Feed digestibility plays a crucial role in GHG emissions, ten percent improvement of digestibility
provides a 14.8 percent reduction on GHG emissions for an extensive system, while for intensive systems
it is 10.1 percent. In practise, the quality of feed is interlinked with milk yield and growth. Thus, if we
suppose the boost of milk ten percent along with digestibility improvement, it stands for a 19.2 percent
reduction of GHG emissions for extensive, and 15.4 for intensive systems (FAO 2010). Without
measures for efficiency improvement, total GHG emissions from the dairy sector are assumed to increase
by 38 percent (Bizzarri and Gapon 2019). However, there are and other aspects of environmental
sustainability such as water use and pollution, biodiversity erosion and air pollution that have to be
considered. The above environmental issues require win-win solutions that could prevent climate change

(Bizzarri and Gapon 2019).
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Welfare of the animal
Animal welfare is another important issue for sustainability and farms profit, it is inseparably related to

ethical, political, economic, environmental, and social issues, where the consumers' concerns play a
crucial role (Keeling et al. 2019; Vogeler, Hornung, and Bandelow 2020). For instance, the welfare of
the animals correlated with food safety, since its poor conditions raise the contamination and virulence
of many zoonotic diseases, as well as non-communicable diseases and the risk of antimicrobial
resistance. Moreover, the ethical aspect of the problem refers to the unacceptability of the ways that
compromise animal welfare (Cox and Bridgers 2019). Also, the welfare of animals affects positively
diversification of the market, quality production, national trade image, development, and sustainability

(Alonso, Gonzalez-Montaria, and Lomillos 2020).

Profitability of dairy farms
The profitability of dairy farms is also a topic of concern for the global community. Due to the sustainable

increase of input costs the cost of milk production raised, while the Dairy Price Index in 2020 tends to
decrease, furthermore the increased feed costs also affected the profitability of dairy farms (FAO 2020).
The number of the farms reduces, meantime the size of the herd increases since mainly large dairy farms
can be competitive using large scale economy, this in turn influence negatively on the presence of Small
Medium Enterprises (SME) in the industry (de Andrade Ferrazza et al., 2020). Another important aspect
of farms profitability are direct payments and subsidies which significantly contribute to the farmers'
income, and remain a stable component, especially from 2010, in 2017 the share of subsidies in dairy
farmer's profit accounted 34 percent, and Voluntary Coupled Support (VSC) from 2015 which positively
influenced the revenues from milk (European Comission 2021). However, these measures are not enough
to stimulate profitability and development of dairy farming. Dairy farming requires the implementation
of new technologies, business models, and innovations such as Fl since its orientation, which could

contribute to farmers’ profitability (L&pple and Thorne 2018). Thus, due to its target FIs could be one
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address the above-mentioned issues and contribute to Sustainable Development Goals (SDG), which

agenda by 2030 requires progressive actions (UN 2016).

Data and methods
We applied a case study method which permits explore various perspectives and reveal connections

between the complex layers of our research question. The case study allows to analyse different systems,
using one or several methods (Thomas 2011). It explores a real-life, case (system) during some period,
via in-depth data collection using diverse data sources, it presents case description and case themes
(Creswell 2014). A single case study is used for the description of the existence of phenomena and
presenting high-quality theory (Siggelkow 2007). It permits to understand deeper the exploring subject
and to get the conclusion from the analysed data, and explain the situation better (Lindgreen, di

Benedetto, and Beverland 2021; Alam 2021).

Case selection
FI refers to the emerging category of academic research (Hossain 2018). Moreover, there is a lack of

research into FIs in livestock and agriculture industries. Our case study contributes to this young research
domain. We chose the case of Biosmart milk solutions, as an obvious example of Fls, since their product,
service, business model considered as sustainable, affordable, incomplex, and functional, developed for
customers with scarce resources, and follows six principles (Radjou and Prabhu 2015). Company
provides solutions for agriculture and dairy farming, as this case presents a lot of insights from the

perception of provider and receiver of FI, which is suitable for the exploration of phenomena.

Data collection
Data sources included primary data such as interviews, documents, observations; secondary data

including internet, financial reports, and sales reports since multiple sources are essential for triangulation
(Santos et al. 2020). We conducted observations with visiting once per week participants during six

months, and several in-depth face-to-face interviews of the inventors, manufacturers, sellers
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(distributors), as providers of frugal innovations, and receivers - owners of dairy farms, vets, feeding
specialists. The data is based on provided documentation including financial, marketing, and technical
documents. At the first step, we collected the secondary data of the inventor and producer from the
internet, marketing catalogues, reports. This provided general information about the case. At the second
step for deeper investigation, we used open structured questions. The participants provided information
about their development in the past, their current situation, and future. We have recorded some of the
interviews, while the rest were noted. Then we started the field visits and observations, we noted all the
information after the visit in digital form. During our visits to the frugal innovation providers, we
collected extensive material that allowed us to enrich our research. Our visits to the frugal innovation
receivers — farms, included all day long observations, questioning the vets, owners, feeding managers,
studying the documentation from the farm's software regarding the past and current statement of the
farms. We focused on the state of the farms before and after the implementation of the 'Polysaccharide
Regulatory Complex' (PRC). Long observations, discussions, and witnesses permitted us to get a more
complete picture of the providers and receivers of FI. Moreover, the data regarding the farm, the output

from the FI implementation was extracted from the farm's software.

Data analysis
In order to explore phenomena, we combined data and literature. We used Atlas software for qualitative

analysis, the data were collected in pdf file and proceeded through the software. In order to generate
broad themes, we applied preselected codes and open coding to obtain different elements which are used
in our concept. Via open coding, we read the dataset and identify codes. We used main elements such as
economic performance of the company, economic performance of the dairy farm, sustainability, frugal
business model. We revised the data and literature for the research domain and generated new codes in
a repetitive cycle (Alam 2021). We iterate and combine various codes, this allowed us to design broad

groups of coding from 41 initial codes.
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Case description
Biosmart milk solutions is one of the examples of frugal innovations in Europe. The company provides

solutions in the livestock and agricultural sector. According to (Radjou and Prabhu 2015) the company
follows the six principles 'engage and iterate’, 'flex your assets', ‘create sustainable solutions’, 'shape
customer behaviour', ‘co-create with other prosumers’, 'make innovative friends'. The company is staffed
with Ph.D. holders in the field of veterinary medicine, livestock, and economics. It operates in Europe,
predominantly in Southern Europe, the results from the dairy farms provided from Greece. The company
aims to provide innovative solutions for dairy farms that decrease the cost of production while increasing
productivity and health of the animal, as a result, the farmer gets a healthier herd, and significant boost
of milk, while covering the expenses for the purchase of the product and receiving extra profit from the
increase of the milk yield. Also, it has other directions such as decrease of cost production of the broilers,
beef meat, keeping the high quality of the meat; monitoring and forecasting of agricultural diseases based

on IT/ICT.

What does the company provide?

The company offers a PRC — supplementary feeding complex for cattle based on polysaccharides with a
prebiotic effect, which supports animal with healthy energy, provides power and capacity to overcome
many stresses and health issues, while improving productivity. Under influence of the technology, the
animal’s body generates the right amount of energy capacity (power source) that provides: higher
productivity, higher reproduction rates, strong immunity, as well as resistance to various stresses, such
as changes in the diet, seasonal decrease in the diet quality, heat stress (Kosolapova et al. 2020). Biosmart
milk solutions provides assistance and adaption of the product until the farmer gets convincing results
such as milk boost and decrease of expenses. The company employs six principles of FI (Radjou and

Prabhu 2015).

What does the company do according to each principle?
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Engage and iterate

For to better understand customer needs Biosmart milk solutions applies customisation and individual
approach with their clients, before the sale process the company collects all the necessary information
from the farm including milk yield, cost of production, health parameters of the herd, ration parameters,
quality of milk, etc., this permits to get the complete profile of the farm for to get better results in future;
then they conduct manure washing which reflects the digestibility and metabolism of the animals; after
that, they conduct biochemical blood tests of the animals, which reflect the health parameters of the
animal. This permits to get more clear vision, what and how can be improved on the farm. Further, the
company presents an individual plan for the farmer, since most farmers are pretty limited in resources,
they need to know how profitable it will be for them the implementation of PRC. Company presents
economic efficiency from the use of a PRC based on the individual characteristics of the farm. Once the
farmer starts to use the product on the farm, the company visits the farm once or twice per week,
conducting weekly manure washing, gathering the feedback and data; blood biochemical analysis in 1,5,
and 3 months for monitoring of health parameters. For receiving customer insights and achieving robust

results on the farm, the company provides free of charge consultations during product usage.

Make innovative friends

The company does not own an R&D department, it collaborates with different R&D companies and
research institutes, manufactures of innovative solutions, and R&D departments of universities, which
provide innovative solutions for livestock and agriculture. However, the company implements six
principles of FI (Radjou, Prabhu, and Ahuja 2012). It performs as an integrator and adaptor of FI products

and services according to the needs of local customers in developed countries, without production.

Create sustainable solutions
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PRC aims at the improving of milk productivity, a decrease of the cost production, meanwhile improving
the welfare of the herd. Once the milk starts to boost and becomes stable, the company starts to exclude
soybean, and fat from the total mixed ration (TMR), and then substitute with local materials. Since the
company operates in Europe, the delivery of palm fat and soybean from the U.S., Asia, and Latin America
leaves a large CO2 footprint. Moreover, the production of palm fat or oil influences significantly
deforestation and biodiversity (Afriyanti, Kroeze, and Saad 2016; Vijay et al. 2016). The elimination of

palm fat from the TMR of the cattle could have a positive effect on this issue.

Flex your assets

Satisfied customers which got convincing results, become the dealers of the company, and distribute the
product to their colleagues, gaining extra profit. This permits to establish a trustworthy and reliable
relationship between the seller and customer. Meanwhile, such distributorship structure allows to
integrate into the market faster and smother, presenting successful cases to the customers. Moreover, the
company works mostly through dealership networks, such organisational system allows to decline costs

on the sales department.

Shape customer behaviour

The company provides reports once or twice a month of the farm's development according to the
economics and health parameters of the herd, providing advice on what else can be improved on the
farm. The technology aims to improve the health of the herd, the owners of the farm consider the health
of the animals as the priority issue, since it influences the productivity, lifespan, and cost decrease of the
vet expenses. The product allows to eliminate some of the expensive and harmful ingredients from the
TMR of the animal and later when the milk is increased, substitute them with locally produced
ingredients, this encourages the farmer to purchase from the local producers; the awareness about the

decrease of the CO2 footprint from logistics also benefits to the credibility of the product.
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Co-create with other prosumers

The company offers personalised solutions to the farmers, according to their specific needs and issues.
Gathering the data and information from the farm allows the company to develop an individual solution.
Providing them not just product, but consultations regarding feeding and other issues; teaching; free of
charge. Such integration into the farm provides tailored solutions, meanwhile, customers are involved in
their creation, since the company educates farmers about the feeding technologies, effective farm
management, thus farmers get extra knowledge which they use into practise. Since the company focuses
on the farm's results such as the economic efficiency of the farm, and the health of the herd, thus company
and farmer have the same common goal, they become both co-creators. Also, the company focuses more
on feeding, however, it participates in dealing with many issues that occur at the farm for free, such as
analysis of TMR for quality and ingredients, problems with management issues, employees, etc., which
are out of their responsibility. Moreover, satisfied customers can integrate into distribution, participating
in business development.

Analysis and results
FI delivers values to their customers and company’s shareholders, where the first can be considered as

various values, and the last monetarised (Hossain 2017; Jha et al. 2016). FI aimed at creating, designing
new products, services, or business models, which are high functional, cost decreased, effective,
incomplex, affordable, valuable for scarce resources (Bhatti 2012; Rao 2013; Lim and Fujimoto 2019;
Hossain 2020). Based on the data analysis, we developed a framework for Fl, as presented in Figure 1 to
answer the question of how does the FI benefit the receiver and provider in the dairy livestock context,

we focused on the processes and results.

Organisational innovations
Organisational innovations refer to new methods of doing business, organising workplaces, external

communications. In business they may include a wide range of activities: development or implementation

of new business strategy, new management methods, development and implementation of new
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organisational structures; novelty in the labour time; implementations of quality control systems,
certifications, modernisation and implementation of the new logistic system; interaction with R&D
departments, implementation of knowledge management; creation of new partnership; involvement of
stakeholders (Donbesuur et al. 2020). These changes aim to improve firm performance directly in terms

of quality, flexibility, productivity, or speed and can therefore be considered a distinct form of innovation.

Before the customer purchases the product, Biosmart milk solutions customise the service according to
the issue, before any sale process starts the company investigates the current issues. The initial stage
includes: data collection from the farm (milk parameters, ration, and health of the herd) to understand
the future steps shall be taken, the current health of the herd, the situation on the farm, and possible
opportunities for improvement; manure washing allows to identify digestion problems and rumination;
conducting biochemical blood tests of the animals which reflect the current health issues of the herd;
observation of the farm; general interviews with the owner, and vet. These data permit the company to
find out the problems and to present to the farmer detailed current performance of the farm; to identify
actions required to address the problems; to plan future actions. Then, the company develops individual
plan with a detailed description of all the steps of work; since the farmers operate under scarcity, they do
not spend money in vain, and each expense have to be justified and reasonable, thus the company presents
an offer that justifies the purchase, with economic efficiency indicators and detailed ration. These allow
the farmer to understand the profitability. Involvement and close collaboration with customers create
teamwork between the seller (provider of FI) and the customer (farm/receiver of FI). The solution that
offers the company based on the data provided by the farmer, deep integration into the farm's
environment and farmer's feedback lead to successful results. The mutual collaboration and willingness
of the farmers to be open to resolving the issues together facilitate the working process and faster
achievement of the results. The implementation of the PRC requires participation and involvement of the

farmer, changing of feeding ration. The farmers also provide regular feedback, sometimes asking for
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additional consultation about feeding, staff, and equipment. Biosmart milk solutions also provides
educational seminars which include: regular seminars about feeding; visiting progressive farms;
webinars with producers and R&D. Also, the company provides educational seminars about
sustainability. This influences the goodwill of the company, meanwhile increasing the consciousness of
the farmers. The company delivers additional services free of charge upon the request of the customer,
for instance, it may be headhunting, harvesting, etc. Customer support, maintenance, and regular farm
monitoring (biochemical blood test of the herd, manure washing, evaluation of health parameters, body
score, cost of feeding, farm's economic profit, etc.), a monthly presentation of farm improvement
indicators (economic, feeding ration, milk yield, health) facilitates the building of a trustworthy
relationship between provider and receiver of Fl. In fact, purchasing the product the customer gets a lot
of side above-mentioned benefits from the company. Considering the scarce resources of the farmers,
the company offers various flexible methods of payments, such as deferred payment, or discount if farmer
pays on time. Employees provide regular feedback and ideas on how to improve, and actions are needed
to be taken for improvement. They are engaged in the process of delivering the solution to the customer.
The company encourages their activity monetary, through trips, or personal benefits. Most of the
employees have the ability to make some decisions on their own. These deliver better flexibility,
connection with employees, innovative activity, and creativity. Employees care more about the quality
of the delivered products and services since they carry their responsibility. The inbound open innovation
type allows to use external sources to utilise the inventions, new solutions, and patents through close
collaboration. The organisation works and collaborates with R&D and the manufacture which produces
the product, this allows to be flexible in terms of production and investments. The regular collaboration

and communication processes with the manufacture of frugal innovative product (PRC) provide cost
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reduction on R&D activity and a win-win solution for participants, manufacturer, R&D, and company

(seller); using customers’ feedback for development and adaption of the product.

Frugal innovation

Organisational innovations

Customers
e  High customisation and personal
approach
e  Empowerment of customers
e Customer involvement
e  Education and training for customer
e “Hyper care” for customers, expanding

of seller’s responsibilities
. Flexible payments

Organisation
. Empowerment of employees

e  Collaboration with R&Ds (open Frugal innovative product
innovation) . Affordable
. Sustainable
. Efficient
. High functional

Benefits from FI

for provider Benefits from Fl for receiver
(seller) (farmer)
o Profit from sales Economics

« Significant increase of profitability
« Increase of productivity (boost of average
milk yield)
Decrease of vet expenses
Reduction of feeding costs
Production of high-quality product
(improvement of milk quality)
Flexible payments
Additional profit from dealership
Sustainability
. Improvement of animals’ health
. Usage of local feeding materials (support
of local production)
. Elimination of far delivered imported
products from ration

o Customer Loyalty

Social
216 e  Training and consultations
e  Additional services free of charge




Figure 1. A framework for frugal innovation.

Frugal innovative product
Scarce resources in dairy farming, which also caused by raised prices on feeding materials, fuel, etc.

impacted on product prime cost, thus this motivated for creating a product that delivers economic profit
to the farmers. PRC supports cattle with healthy energy and provides resources to overcome many
stresses and challenges, meanwhile increasing productivity, improving health, and decreasing costs. It
allows the animal’s body to generate the right amount of energy capacity (power source) that
provides: higher productivity, higher reproduction rates, stronger immunity, as well as resistance to
various stresses, such as changes in the diet, seasonal decrease in the diet quality, heat stress, etc. The
product is considered affordable since it generates extra profit for the farmers in a near future, via
boosting milk production; eliminating expensive ingredients from the ration; reducing the concentrate
part of the ration; vet and feeding costs. The company presents individual commercial plan with expected
revenues and detailed steps of product implementation. In one month of product implementation, the
farmers see the first results: the milk starts to boost; the animals’ digestion and rumination improve;
somatic cell count (SCC) which is an indicator of udder health in dairy farms decreases; cases of mastitis
as one of the common economic and health issues in dairy farms reduce (Bobbo et al. 2021); health
parameters improve. Farmers start to gain additional profit from extra milk yield and decrease in vet
expenses. While the average milk yield boosts and achieves constancy, the company starts to eliminate
the expensive feeding ingredients (molasses, propylene glycol, glycerol, propionate, protected fat;
sources of amino acids such as protected protein; hepatoprotectors, such as choline chloride), then it
substitutes expensive ingredients like soybean meal, which is usually brought from distant countries with
local feeding materials. This facilitates the reshaping of farmers' consumer behaviour in a sustainable
way. Permanent monitoring, digestion analysis combined with biochemical blood tests provides control
of the health parameters. After 3 months vets noticed visible improved reproductive parameters, open
days, pregnancy rate, heat stress resistance during summer, increase of milk production.
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Benefits from FI for provider
The frugal approach in the organisation system and open innovations as collaboration with R&D and

manufacturer allow to reduce the expenses. Customer loyalty and long last relationship generate business

stability and sustainable income.

Benefits from FI for receiver
We assessed the data from 10 farms before and after the product usage. In order to understand how FI

benefits the farms, we based on provided data from the farms’ software. The results presented in Figure
2 demonstrate a significant boost of milk yield in all 10 farms, 4,95 kg. per head per day in average in
six months, where average milk production increased 11 percent in two months, and 14,3 percent in Six
months. Figure 3 shows that the cost of TMR in all 10 farms decreased, in average 8.3 percent,
considering the fact of increase of feed consumption, in average six percent. However, despite the
increase of average milk production, the milk quality also improved or remained the same based on fat,
protein, and SCC it can be seen in Table 1, where the average SSC decreased 36 percent. As presented
in Table 2, in all 10 farms, vets notice significantly less new cases of mastitis; improvement of rumination
and digestibility based on digestion analysers. After six months of product implementation vets
confirmed improvement of fertility, the pregnancy rate has improved by 30-40 percent. Before the use
of a product, the farms had to inseminate 2.8 times in average until the confirmed pregnancy, while after
six months of product usage it reduced to 2.5 times. During the heat stress, the feed consumption
remained on a high level. Such health parameters of the animals like biochemical blood tests, body score
improved, while the diseases of the reproductive system, digestion system, and legs which were the most
common for the farms have decreased. Thus, vet expenses decreased since the animals' health
significantly improved. Based on provided data from 10 farms the vet expenses on average reduced 20

percent.
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Figure 2. Average milk yield at the dairy farms after six months of FI (PRC) use.
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Figure 3. Cost of TMR at the dairy farms before and after the implementation of FI (PRC).

TABLE 1. Milk quality parameters indicators after six months of FI (“PRC”) use

219



Fat before Fat after Total protein Total protein SCC before SCC after the

the usage the wusage before the after the usage the usage of usage of “PRC”,

of “PRC”, of “PRC”, usage of of “PRC”, % “PRC”, cells/ml

% % “PRC”, % cells/ml
Farm Nel 3.65 3.85 3.05 3.20 550 000 163 000
Farm Ne2 3.78 3.82 3.34 3.35 221000 183 000
Farm Ne3 3.80 3.85 3.35 3.40 455 000 301 000
Farm Ne4 4.00 4.0 3.40 3.42 352 000 287 000
Farm Ne5 3.85 3.85 3.25 3.30 347 000 208 000
Farm Ne6 3.85 3.75 3.35 3.29 332000 179 000
Farm Ne7 4.20 3.95 343 3.45 405 000 228 000
Farm Ne8 4.05 3.90 3.38 341 478 000 309 000
Farm Ne9 4.25 3.95 3.50 3.45 117 000 92 000
Farm Nel0 4.40 3.90 3.60 3.38 241 000 146 000

TABLE 2. Health parameters of the dairy cattle after six months of FI (“PRC”) use

Farm Farm Farm Farm Farm Farm Farm Farm Farm Farm

Nel No2 Ne3 Ne4 Ne5 Ne6 Ne7 Ne8 Ne9 Nel0

Cases of mastitis before 42 33 35 36 32 41 32 35 29 32
the usage of “PRC”

clinical mastitis

incidence per 100 cows

per year based on

routinely collected herd

data

Cases of mastitis after 31 32 27 33 28 34 30 30 27 29

the usage of “PRC”
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clinical mastitis
incidence per 100 cows
per year based on

routinely collected herd

data

Open days before the 128 155 142 185 144 125 150 147 155 136
usage of “PRC”

Open days after the 122 146 135 172 138 114 142 139 148 127
usage of “PRC”

Rumination before the 35 37 34 32 36 35 31 32 34 31
usage of “PRC”, %

Rumination after the 39 42 42 38 43 42 40 41 39 41

usage of “PRC”, %

Considering the FI (PRC) as an investment for the farmers, we performed its economic evaluation using

ROI (Return on Investment), IRR (Internal Rate of Return), and payback period indicators. Table 3 and

4 present the calculation of economic performance of the 10 dairy farms, where the average payback

period is 1.5 months, while the average profit per day per cattle is 1.45 euros. The calculation of farms'

economic performance, includes only profit from extra milk yield and decrease of TMR cost.

TABLE 3. Economic performance of the dairy farms

Farm ROl IRR

(%) (%)

1 1420 345
2 890 187
3 1108 281
4 1081 233
5 977 212
6 1284 284
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7 1525 362

8 1127 299

9 883 176

10 920 248

TABLE 4. The mean parameters of the dairy farms’ economic performance

Mean ROI (%) 1122

Mean IRR (%) 263

Mean payback period, months 1.5

Mean profit per cow per day, 1.45

euro

Due to the scarcity, most of the farmers have problems with payments. Thus, the company offers deferred
payments and discount once the farmer pays on time, he gets a lower price. Moreover, the farmers may

become dealers and have an additional income.

Company conducts several types of training and seminars about feeding, animal health, and
sustainability, webinars with R&D. Knowledge transfer is one of the most important elements of the
company. Regular seminars and training permit farmers to get extra knowledge on the latest innovative
technologies and approaches in feeding and to feel participants in the process. Visiting progressive farms
increase the farmers' inspiration and involvement. Farmers get training and additional education in the
required field according to their issues and demands. Moreover, upon request company provides
additional services such as headhunting, harvesting, etc. for the farms depending on their needs free of

charge.
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Company substitutes expensive, brought from afar feeding materials like soybean meal with local
produced rapeseed and sunflower meal which supports local production. Moreover, the CO2 footprint of
brought from afar feeding materials like palm oil-based products, and soybean meal remains high enough
(FAO 2010), the switch to locally produced feeding materials allows to contribute to its reduction.
Moreover, the total elimination of palm fat, and part or total of soybean meal contributes to sustainability,
since the production of palm fat causes deforestation (Vijay et al. 2016). The elimination of the above-
mentioned ingredients could allow farms in the European continent to operate in a sustainable way. In

fact, with purchase of frugal innovative product (PRC) farmers get numerous additional benefits.

Conclusion
Our research demonstrates how frugal innovative products combined with organisational innovations can

effectively serve underserved customers farmers in the dairy livestock industry in European countries
and play an essential role in sustainable development. It has examined how FI benefit the provider of FI
(seller) and receiver of FI (farmer) in terms of process. We analysed a single case study of frugal
innovations through the lens of organisational innovations and frugal innovative products in conditions
of livestock dairy farming. We found the main organisational innovations are split into two categories,
customers and organisation, which compromises high customisation and personal approach,
empowerment of customers, customer involvement, education and training for the customer, ‘hyper care'
for customers, expanding of seller's responsibilities, flexible payments; and organisation including
empowerment of employees; collaboration with R&Ds (open innovation). The frugal innovative product
represents as affordable, sustainable, efficient, and highly functional. These lead to the benefits for the
provider (seller) and receiver (farmer), where the main benefits for the seller are profit from sales and
customer loyalty (long last relationship with a customer); and for the farmer from the economics
perspective significant increase of profitability, an increase of productivity (boost of average milk yield),
a decrease of vet expenses, reduction of feeding costs, production of a high-quality product (improvement
of milk quality), flexible payments, additional profit from the dealership; from the perception of
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sustainability, improvement of animals' health, usage of local feeding materials (support of local
production); from the social perspective, training and consultations; and from service, additional services
free of charge. Our research demonstrates how important may appear FlIs in dairy livestock industry, the
way how they benefit farmers' communities and businesses. The company serves the FI in European
countries, where usage of organisational innovations and frugal innovative products provide a synergy
effect with numerous benefits. Organisational innovations allow the company to be flexible, to keep close
relationships with customers, and to reduce capital investments collaborating with R&D and
manufacturing, while frugal innovative products satisfy the main requirements of the customers. The
main requirements of the dairy farmers refer to an increase of milk boost (productivity) along with health
improvement and profitability. Thus, it comes challenging to satisfy their needs with conventional

solutions, however, our study demonstrates that frugal innovation has the ability to tackle these issues.

This research has a number of implications for practitioners. First of all, from the perception of
sustainability we introduced the novel feed sources, since livestock provides approximately forty percent
of total agricultural production in developed it states the necessity of the livestock enhancing feeding
system along with animal welfare. Our research demonstrates that FI improves the livestock feeding
system and could be implemented globally in the future. Also, FI addresses the environmental footprint
of livestock supply chains by elimination of brought from afar such feeding ingredients as palm fat and
soybean meal; substitution of soybean meal with local ones, like rapeseed and sunflower meal,
meanwhile increasing productivity. Hence, our research demonstrates Fl as a contributor to responsible
and sustainable livestock production. Animal welfare is one of the significant elements of sustainability
and farm profitability (Broom 2021). Our research demonstrates that FI presented by the company has a
positive impact on the welfare of the animals, particularly the improvement of fertility, digestion,
reduction of inflammatory diseases, increase of productive life of cow. Hence, generating a frugal

mentality, philosophy, approach in researchers, practitioners, and policymakers is essential for
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contribution to sustainable development goals (SDG). One of the significant benefits of FI for the farmers
is profitability. Our study demonstrates the positive impact on the economic efficiency of the farms,
based on such economic indicators as ROI, IRR, and payback period. Such approach creates benefits for
seller as well, such as profit and loyal long last relationships with the customer. This research could be
useful for dairy farmers, managers of the dairy livestock industry, practitioners from other fields, and
policymakers. Our research has several limitations, hence providing new future research paths. We
explored only one case in this industry, exploration of more cases could bring new deeper insights into
the dairy livestock industry. Extending the research to other livestock farming and agricultural-related
industries could enrich the knowledge of FI in these particular industries. Moreover, exploration of Fl
using case studies from other industries may add significant value to the research domain of FI. The
selected case study was explored in conditions of European countries, by extending the geography of
research such as other developed countries or developing countries could bring new insights of FlI
phenomena according to the geographical location. We have analysed data retrieved only from ten farms,
enlarging the number of farms in future research could deliver other insights and provide information for
statistical analysis. This study is one of the first that analyses the benefits of FI in dairy farming, in terms
of profitability, sustainability, and social aspects, it is presented by case study and the limited number of
farms, however, for future study large scale research is recommended for confirmation of validity. As FI
in the livestock industry and process of its benefits are emerging fields of research we used case study as
qualitative method, adding quantitative methods to verify the construct, combining with qualitative or
implementing mixed methods could provide new directions of research and explore the research from
another perspective. PRC allows to eliminate expensive and brought from afar feeding ingredients, while
increasing the productivity of the farms and improving health parameters of the animals, for future
research we recommend to investigate how disruptive the product (PRC) is in the dairy livestock
industry. Sustainability is one of the important elements of the Fls and livestock industry. Also, for future

research, we recommend to implement quantitative methods to assess the contribution according to
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sustainable development goals, such as a decrease of CH4 in dairy livestock; deeper research on the use
of local feeding materials, and CO2 footprint. Hence, integrated approaches in policy-making could
bring essential insights from practical and academic perspectives. Also, cross-country comparison could
bring useful insights according to different conditions. For future research also could be useful to conduct
the research according to the groups of ruminants which are used for yielding such as goats, dairy cattle,
sheep, buffalos. In brief, considering the emerging stage of the research domain, Fls offer plentiful

avenues for future research.
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percentile 55 (General Environmental Science) WOS Science Citation Index Expanded,Q2, IF 1.871It is
an international, transdisciplinary journal publishes original research, technical notes, book reviews, and
conference reports aimed at environmental, and sustainability research and practice, the journal devoted
to management, innovations in terms of sustainability and environment, including frugal innovations
from theoretical and practical perspectives including applied, empirical and review research. One of the
journal’s section is dedicated to the management science, decision making and innovations. The main
topics of the journals are cleaner production and technical processes, sustainable development and
sustainability, sustainable consumption; environmental and sustainability assessment; sustainable
products and services; corporate sustainability and corporate social responsibility; education for
sustainable development; governance, legislation, and policy for sustainability. Our study contributes to
the journal from the management perspective examining the frugal innovation in dairy farming in terms
of milk production, economic efficiency for a farmer, and ecological impact. We propose the
methodological approach to estimate the effectiveness of frugal innovation management. The research
methodology is based on testing the effectiveness of polysaccharide regulatory complex, a supplementary

compound feed, in dairy cattle breeding, the proposed integral indicator of frugal innovation management
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effectiveness and regression analysis of the factors that create its level. Hence, we aim to explore the
complex nature of frugal innovation and the need for its effective implementation, that goes beyond the
purely economic benefits and takes into account socio-environmental and direct farming effects of
operation for cleaner production and sustainability in the end.

Abstract

In times of resources scarcity, frugal innovation attracts more and more attention of scholars and
practitioners. Dairy farming is one of the vulnerable industries in developed and developing countries,
requiring higher milk productivity, financial support of farmers, meanwhile reducing methane. It is a
challenging issue to increase the milk production and decrease the costs in a sustainable way. This study
attempts to examine the frugal innovation in dairy farming in terms of milk production, economic
efficiency for a farmer, and ecological impact. The study aims to form a methodological approach to
assessing the effectiveness of frugal innovation management. The research methodology is based on
testing the effectiveness of polysaccharide regulatory complex, a supplementary compound feed, in dairy
cattle breeding, the proposed integral indicator of frugal innovation management effectiveness and
regression analysis of the factors that form its level. The scientific contribution of this study is the
proposed methodological approach to assessing the effectiveness of managing dairy cattle farm
innovation. It proves the complex nature of frugal innovation and the need for its effective
implementation, going beyond the purely economic benefits and taking into account socio-environmental
and direct farming effects of operation. This study’s results present the potential ability of frugal
innovation to become disruptive due to significant changes in the common feeding rations of the dairy
cows; however, this could be a future path for research. The research presents the way for the dairy
farming to become more effective and sustainable. The findings of this research will be insightful for
scholars and practitioners who are interested in frugal innovation in dairy farming and effective dairy

farm production.
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Introduction
The topic of innovation has been widely studied, most often from the technological perspective.

However, according to Pfotenhauer and Juhl (2017), it is only part of the matter: the focus of innovation
on the technology-market dyad means that innovation is both welcomed for its ability to "disrupt”
societies and “change the world,” and this disruption has nothing to do with the political and social
aspects of a state. This idea allows drawing two conclusions about how the discourse on innovation has
evolved. First, innovation is seen as an engine of economic development, led by companies and
governments in developed countries. In recent years, however, new ideas have come from poorer
emerging economies instead of rich developed ones. Initially, it seemed to be a type of innovation that
served only a population without funds. However, today it is observed that companies in advanced
economies face competition from less expensive and more effective innovation from emerging
economies. This has prompted companies in advanced economies to look for ways to innovate to serve
markets in their own countries (Liu and Atuahene-Gima, 2018; Pisoni et al., 2018). Second, in addition
to the traditional emphasis on technological and profitable innovation, other types of innovation are now
gaining relevance. This refers to innovation in livestock production, namely, the development of goods
and services that meet the needs of farms while creating new relationships or collaborations. Frugal
innovation benefits society as a whole and improves its ability to act (Hossain, 2020), but it does not
arise from the search for absolute profitability. Microfinance, which initially meets the goals of reducing
disease among animals, improving their nutrition and health, is a textbook example of this kind of
innovation. New concepts also include frugal innovation, which meets the needs of the population in a
simpler way, without the need for large investments in research and technological development (R&D).

On the contrary, because of an unfavorable target audience, this type of innovation tends to offer a new,

237



less costly, and sustainable solution. Cost-effective innovation does not avoid profitability, but its impact
goes beyond that, as it often generates local benefits. In this sense, frugal innovation belongs to social
innovation, although a priori it is not aimed at the welfare of society. Frugal innovations today are a
reaction to the technological-economic paradigm, which prevails, but their application in animal
husbandry is ambiguous and remains rather fragmented (Lee et al., 2019). Moreover, the understanding
of frugal innovation is still imprecise due to the lack of criteria for defining it (Santos et al., 2020).

In this context, the research aims to form a methodological approach to assessing the effectiveness
of managing frugal innovations. The study was carried out on the basis of polysaccharide regulatory
complex (PRC) introduction in dairy farming and the study of its economic and environmental effects.
Polysaccharide regulatory complex is a supplementary compound feed based on polysaccharides that
regulates rumen microbiota population (and activity) in a targeted way, including the boost of lactic acid
utilization into propionate; enhancing propionic SCFA (short-chain fatty acids) production, keeping in
balance acetate/propionate/butyrate ratios keeping concentrate part of the feeding ratio low; keeping
blood glucose high enough to reach and sustain higher yields. Thus, the animal’s body generates the right
amount of energy capacity (power source) that provides: higher productivity, higher reproduction rates,
stronger immunity, as well as resistance to various stresses, such as changes in the diet, seasonal decrease
in the diet quality, heat stress (Buryakov & Kosolapov, 2013; Kosolapova et al., 2020). This will fill the
existing scientific gap and allow one to better understand the changes taking place in entrepreneurial and
innovative livestock ecosystems and determine the extent to which these forms of innovation contribute
to progress in solving global problems, such as social inclusion and negative environmental impacts on
farm development. In this sense, there is a clear knowledge gap on measuring the impact of frugal
innovations that are not classified as technological. Therefore, this study is aimed at finding answers to
such scientific questions:

first, to determine the results of PRC introduction in dairy farming;

second, to diagnose the effectiveness of frugal innovation management in a livestock farm;
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third, to assess the relationship between key indicators of frugal innovations' effectiveness and their
impact on the integral indicator;
fourth, to form a model of effective frugal innovation management in a livestock farm.

Literature review
Transformations in the understanding of innovation have led to changes in the innovation process

(Meissner & Kotsemir, 2016); however, frugal innovation, as a way of thinking, process, and result
(Pansera, 2018), is rather the result of responding to the daily population needs and, in this sense, refers
to social innovation. The concept of frugal innovation is relatively new, so its characterization is still
unclear (Tiwari et al., 2017). Its first records appear at the end of the first decade of the 21st century in
the business community, and, since 2010, in the academic literature, when the successes of innovative
and creative solutions originating in India began to be discussed (Bhatti et al., 2018; Hossain, 2020).
Various disciplines, such as development economics, product and process design, sustainability, business
strategy, and psychology in aspects such as frugal attitudes and mindset, are now being brought in to
study it (Albert, 2019). Frugal innovation relates to the creative ability to do more with less. In a global
scenario of resource scarcity and competition based on optimization and cost reduction, the ability to
develop this type of innovation can be a solution to the many needs of diverse poor communities. The
term "frugal™ is used to refer to innovations that create products and services at low cost, as well as the
systems and processes used to do so (Khan and Melkas H., 2020). These are innovations born and
developed for the poor in response to local problems, using ingenious solutions. According to Lange et
al. (2021), these are affordable products, and according to Meagher (2018), frugal innovation includes a
frugal mindset, process, and outcome, but these elements can be implemented separately. The authors
initially define frugal innovation as innovation created in developing countries, from which a new
product emerges, aimed at reducing costs and meeting the needs of the population at the base of the
pyramid (BoP) (David-West et al., 2019). However, in literature, a frugal innovation can be called

differently depending on different researchers, a country in which it occurred, technological content or
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market perception (Bhatti et al., 2018). At first glance, one might say that developing new products and
services can be cultural because frugal innovations meet the local needs of a population with fewer
resources. The Indian term jugaad innovation (Ananthram and Chan, 2019) or the Brazilian jeitinho
(Orra, 2020) are local names for frugal innovation, a new way of finding efficient, affordable, and
sustainable solutions developed in complex environments, with limited resources and with social value.

The definition of frugal as such brings one to the notion of low-cost. However, Prabhu (2017)
argues that low-cost innovation is a different type of innovation. First, its target market is consumers not
only in developing countries, but also in developed countries. Second, the innovator tries to reduce costs
without changing the fundamental characteristics of a product too much; often the cost reduction is based
not only on innovative business models, but also on lower wages. Another name associated with frugal
innovation is reverse innovation. Again, some authors believe that this type of innovation is not
synonymous with frugality, because it is essentially a transfer of ideas from the South - developing
countries - to the North - developed countries (Agarwal et al., 2020). Cortonesi et al. (2019) deepen the
characterization of international innovation flows involving developing countries and broaden the
definition of reverse innovation. In addition to the fact that this concept is associated only with the
introduction to developed markets of products developed for developing countries, they distinguish two
other types of investment in global innovation flows associated with the concept and product
development stages.

Another interesting contribution, although there is still little evidence in the literature, belongs to
Montoya et al. (2018), who presented a case of reverse innovation, where the flow is not international
but occurs in the Mexican health sector. Moreover, da Silva et al. (2019) argue that frugal innovations
provide lower total cost of ownership, are reliable and easy to use, and because cost reduction is one of
the main points of frugality, firms need to achieve economies of scale to compensate for the low margins
they will receive from these sales. As a result, they must have access to the large-scale market. This

aspect separates frugal, low-cost, and reverse innovation. The turning point comes when considering the

240



market itself. That is, products designed specifically for the BoP segment must meet certain basic
standards: they must be affordable, functional and durable. Moreover, because of their nature and target
audience, their development and production require the conscious inclusion of criteria that take into
account that the end product must be economically accessible and have a positive impact on the quality
of life of the population - for example, social innovation. This often results in production processes that
require less equipment and more creativity. As a result, this new innovative model seeks to penetrate the
price-sensitive consumer market, profiting from low margins and high sales volumes (Tiwari and
Bergmann, 2019).

Frugal innovation is the result of a bottom-up innovation process aimed at needy populations in
emerging markets. Consequently, for an innovation to be considered frugal, it must optimize a product’s
characteristics, starting with a noticeable reduction in cost and focusing on the main features of its
functionality - it must be reliable, portable, adaptable, and simple (Weyrauch and Herstatt, 2016). These
features distinguish it from conventional economic and technological innovations, which are created
from the top down on the basis of what would be nice to have and the need to generate desirability
through attractive design. In a more detailed description, the Frugal Innovation Lab at Santa Clara
University (Basu et al., 2013) identifies ten key features that a frugal innovation must have:

(1) robustness or increased resilience to use;

(2) lightweight to be portable because of the difficulty and inconstancy of transportation;

(3) mobile solutions that can be connected anytime and anywhere;

(4) user-oriented or human-centered design;

(5) simplification, minimization of features and functional requirements;

(6) new forms of distribution through non-traditional channels;

(7) adaptation to the local environment;

(8) use of local materials in manufacturing;

(9) renewable technologies;
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(10) affordability, representing low operating and production costs.

Frugal innovations meet the social inclusion needs of people at the bottom of the pyramid, but they
have also forced developed countries to develop projects with fewer resources and serve very price-
sensitive market segments (Tiwari and Bergmann, 2019). In frugal innovation, both the needs of the
population and the conditions of developing countries - extremely limited resources and institutional
gaps (Batthi et al., 2018) - are determining factors in the development of product concepts and business
models. In addition, local entrepreneurs work to improve the social and economic conditions of the most
disadvantaged. Consequently, although social purpose is not their essence, frugal innovations can be seen
as innovations with social characteristics, that is, creative and innovative ways to solve social problems
through local entrepreneurs (Haudeville and Le Bas, 2016), which contribute to social and economic
mobility (David-West et al., 2019). Despite this, and recognizing that there is a prevailing positive view
of frugal innovation and its beneficial effects on development, there is also criticism of its effects, as it
is believed that it may exacerbate capitalism and, to some extent, increase inequality (Akbar and
Subramaniam, 2019). Frugal innovation is often associated with sustainability (environmental and
social), as it is characterized by a reduction of resource consumption (raw materials, production and
financial means, energy, fuel, water, waste). It is more affordable and accessible than traditional
innovations (Albert, 2019). Minimizing resource consumption makes products affordable, which in turn
leads to environmentally sustainable consumption, an inclusive approach to the concepts of innovation
and frugality (Vanegas et al., 2017). Frugal innovations arise at the grassroots level in developing
countries and use new business models to promote sustainable development. Frugal innovation
transforms underserved grassroots customers into new consumer groups (Hossain, 2021). In addition,
there are synergies in the concepts of frugal innovation and sustainability in supply chains (Shibin et al.,
2018). Frugal innovation emerges as a paradigm that challenges traditional areas of innovation, which
may have the potential to bring together diverse stakeholders to achieve sustainable development goals

(Rosca et al., 2018).
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However, summarizing the above information, frugal innovation in the context of the present
research is the implementation of innovative solutions for local problems in sustainable, affordable, and
effective way.

The global growing demand for milk and milk products pushes the production of dairy products
including the developed and developing countries. World per capita consumption of dairy products has
a tendency to raise by 1.0% p.a. during the decade (OECD, 2020).

An important factor in increasing the efficiency of dairy cattle breeding development is the
development and implementation of innovations. The need for their application is due to the negative
phenomena that take place in this industry. Innovations in dairy cattle breeding should be aimed primarily
at:

- increase in productivity and expansion of dairy cattle;

- use of the best world and domestic genetic resources;

- radical modernization of fodder production, animal housing technology, milking technology
using the leading technical developments;

- prevention or introduction of effective and relatively inexpensive disease treatment schemes.
Thus, the dairy cattle breeding industry can reach a higher level only with:

- intensification of dairy cattle breeding;

- rational use of the resource potential of the industry;

- improvement of the cattle's genetic potential,

- application of intensive milk production technologies, aimed at increasing the production of
competitive products, including by improving the quality and quantity of milk.

At the same time, many problems still remain understudied and require more in-depth study. This
is, in particular, the issues of dairy cattle breeding development on an innovative basis. Therefore, this
study is aimed at assessing PRC in dairy cattle breeding with the study of its economic and environmental

effect. This contributed to the formation of the following scientific hypotheses:
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H1: the proposed PRC has a positive effect on farm performance;

H2: the effectiveness of managing frugal innovation on a livestock farm depends more on the
economic factors of its implementation;

H3: the effectiveness of frugal innovation management on a livestock farm depends to a large
extent on the socio-environmental factors of its implementation;

H4: the effectiveness of frugal innovation management on a livestock farm depends to a large
extent on the factors of farm functionality.

Materials and methods
The testing was conducted on Campus (Evrofarma). Evrofarma is a dairy factory that has a

subsidiary farm “Campus”, it also owns biogas production “Biomesti”. The company carries out a full
milk production cycle, including methane utilization. Campus (Evrofarma) is the biggest in Greece and
has 2700 cows, including 1380 high-yielding dairy cows. The farm is modern, uses quality standards and
innovation. The farm has comfortable conditions, bedding per cow is 20 m2, 5 times more than EU
average. The study used the data collection software “GEA Westfalia”, which is integrated in the farm’s
IT system. It was applied to collect statistical information about milk production volume.

For the monitoring and control of health parameters, blood tests were conducted, provided by the
independent laboratory, and control of somatic cells count. Animal health and disease data were provided
by farm veterinarians and company records.

Furthermore, the data (health parameters of the dairy cows; volume of milk production) were
collected before the start of PRC implementation (see Appendix I). The input data of the farm were
investigated; interviews with farm owners and vets about the product effects were conducted. The farm
owners and vets defined the priorities for the farm: first — boost milk production, second — improve
animal health (mastitis, laminitis decrease), and third — reduction of feeding costs. Check sheet was used
as a basic quality tool to collect data, and check list — as protocol for the accurate processing of testing.

All the data were analyzed, and the results are reflected.
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Testing lasted for 3 months from 4 May 2020 to 4 Aug 2020.

There were around 200 high-yielding cows: 50-70 cows in dry (20 days to calving, “close-up™)
period and 140-160 cows (GP6 group) in fresh period; the cows have been fed with PRC for 2 months
and 28 days. The dry group was fed 20 days before the calving (Fig. 1).

PRC is a regulatory complex based on polysaccharides, with a prebiotic effect, which supports
dairy cows, provides power and capacity to overcome a number of stresses and health issues, while
improving productivity (milk yield). It hits the rumen of the cow, meanwhile stimulates the growth of
useful biota (microflora) in a targeted way, including the increase of lactic acid utilization into
propionate, thus intensifying propionic SCFA production, balancing acetate/propionate/butyrate ratios
while keeping concentrate part of the feeding ratio low and blood glucose balanced to reach and sustain
higher yields. The use of PRC provides the establishment of effective energy metabolism of the animal,
it impacts mainly in three ways: maximizing the activity of cicatricial microflora (selectively cellulolytics
and lacto-enzymes); protection and activation of liver cells (increased gluconeogenesis); activation of
intestinal microflora and increased intracellular metabolic processes. Special activated microflora of the
rumen and intestines with maximum efficiency vanishes roughage and metabolic products of the
concentrated part of the feed ration, which protects against acidosis and ketosis and retention of
productivity in case of forced temporary using of lower quality feed (low metabolic energy) (Buryakov
& Kosolapov, 2013).

It has a powerful stimulating effect on the rumen of a cow, eliminates acidosis due to the activation
of specific groups of microorganisms, increases propionate production, and fights insulin resistance,
changes dietary eatability (increases forage/roughage, and decreases concentrate part).

The shift in the equilibrium between lactate-synthesizers and lactate-utilizers in favor of the latter,
as has been experimentally shown, stimulates increased production of propionate, the main energy
molecule of the cow, and also prevents the occurrence of lactic acidosis. An increase in the concentration

of microbial propionate in the blood and liver allows the cow to safely reduce accumulated fat levels,
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and to utilize surplus acetyl coenzyme A accumulating as a result of fat assimilation. This phenomenon
stays behind of the anti-ketosis action. A combination of the above effects allows for soft removal of
insulin-resistance in the cow. It also has an immunizing effect - the stimulation of energy production in
sufficient quantities due to the harmonious functioning of rumen and liver leads to the removal of the
immuno-depressant effect of energy deficit (decreasing mastitis, endometritis, etc.). It has a
hepatoprotective effect, so that liver functions properly and the propionate formed in the rumen is
effectively transformed into blood glucose. By utilizing hydrogen (generated by fermentation of feed
ingredients) into the propionate path, pH in the rumen is kept high enough to allow bacteria to stay active
and grow enough for optimal fermentation of feed ingredients. Normally hydrogen is utilized by methane
generating archaea, resulting in enteric methane production. PRC redirects the process of hydrogen
utilization to propionic SCFA production. Thus, the enteric methane production per unit of milk
decreases in reverse proportion to the increased production of propionate. Propionate is a precursor of
blood glucose in gluconeogenesis taking place in the liver. Animal health and productive longevity are
logical consequences of dealing with metabolic disorders, regulating energy balance by supporting
healthy functioning of the digestive system (rumen, intestine, liver), getting animals rid of insulin
resistance (Kosolapova et al., 2020). Thus, it aims at improvement of health of a dairy animal and an
increase of the milk productivity in a sustainable way. Term sustainability is defined by Callicott and
Mumford (1997) as meeting human needs without compromising ecosystems.

Dosage of feeding was 300 grams per head per day.

Cows were fed with PRC with total mixed ration (TMR), from the day of calving till 21st or 28th
day. Every Thursday the animals from the fresh group were transferred to the other groups: to the group
1 - cows of 2nd lactation period; to the group 3 - cows of 3rd and 4th lactation periods; to the group 5 -
5th and later lactation periods; to the group 8 - jersey cows only, from all lactation periods; and to group

13 - cows of 1st lactation period (first calving). The group 10 (late in lactation, cows from 200 to 305

246



days (average 250 days) after calving) was identified as control group and was not fed. The group 2 was

identified as control group and was not fed. Then, the curves of lactations were compared.

Group 13 (1
lactation
period)

Group 8

Calving

(Jersey)
Dry Fres /

K PRC ) \ PRC ) Group 5 (from

V V 5th |actation
20 davs period)
20 days 21-28
Group 1 (21 Group 3 (37 -
- 4th |actation
lactation ;
Group 10 Group 2 period period

Control (250 Control
average (:!ays (Difficulties
after c.alvll‘ng) with fertility)

Figure 1. Testing process

Source: generated by the author

From the time of introducing PRC, the milk production in the groups 1, 3, 5, 8, and 13 was
monitored. The control groups (GP10 and GP2) were not fed with PRC.

This study focuses on the fact that the introduction of frugal innovations on a livestock farm implies
an increase in its efficiency in three areas: socio-environmental, economic, and farm efficiency as a
whole. These areas impact the proposed comprehensive indicator of frugal innovation management of a
dairy farm in the context of three indicators - socio-environmental efficiency of innovation (SEI),
economic efficiency of innovation (EEI), and farm efficiency due to innovation (FEI). Therefore, to
confirm this assumption, induction in the opposite direction is used. Wherein, x,,x,, x5 denote the
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presented parameters of the effectiveness of frugal innovation management on a livestock farm, that is,
SEI, EEI, and FELI. Since the efficiency of farm operation has a special role, in accordance with this, the
optimizing model in relation to the control action will be expressed as follows:

max aE,x; — BE,(t; — t,) —e;, —e, —e;
En

the following condition must be fulfilled:

Py(xy3=1)= yg(1— exp_‘laﬂﬂ ),

t; =t, +a,,

e =0,

It should be noted that t; = t, + a5 is fixed in the proposed formulation and does not depend on
the controlling influence e5. At the same time:

Eyxy = 1 Py(x3 = 1) = y3(1 — exp™ % )x,,

This contributes to the following:

max ay, (1 — exp ™% )x, — e,
gz 0 -

Based on this, the solution is easily found from first-order conditions:

gy = flrmxaﬂ,a Jifaysd; =1land x, =1,

e; =0, ifaysdx, =1,

Thus, the optimal model F; (-,-)of controlling influences esin the third direction of the proposed
model is given as:

es = F(es,x,,t;) :ihml'aj'a, if ayzds = 1andx, = 1,

es = Fy(eyxp, 1)) = 0, if aysdyx; < 1.

The optimal model of frugal innovation management actually has no dependence on the amount of

controlling influence on the other direction -, nor on the timing of achieving the goals t-, but depends

248



on the actual efficiency in other areas. Thus, this points to the need for effort (controlling influence on
farm efficiency — e;) to ensure further farm performance (x, = 1), than in the case of a decrease in its
level ().

Similarly, to the direction of improving farm efficiency, the optimal controlling impact of
innovations on a livestock farm's economic efficiency is formulated:

max aEyx; — BE,(t, +a; —t;) —e;, — e, — E, 5
B,

In this case, it is necessary to satisfy the corresponding conditions, therefore it should be noted that:
Eyx3 = E(Es(x3)) = Ey(x3(1— exP_i“E“)x:j
Considering the level of optimal impact of frugal innovations on a livestock farm e;, defined

earlier, one can state:

1
axada

Ejxg = ya(1— VP (x, = 1), ifaysd; > 1and Eyx; =0, ifaysd; = 1.
_ 1 — _ 1t — A8,

Ejes = Egn[ﬂl’aia] Pi(x;=1) = Khi[ﬂhiajz}f:[l_ exp =% )xy,

ifaysd; =1, and Eje; = 0, ifaygd; < 1.

Thus, if ax;4A;>1 the search for the optimal impact in the context of increasing economic efficiency

e, can be reduced to:

1
n:;ax(cu’a -5 A_in(ﬂi’alajh (1— exp =% )xy — BE (t; — t,) — ey
9

1a

Considering a variable t, , one can state:

max(ay; — f - f In(ay;As)x,(1— exp™=%)x, — £ (282 — 828, 1+ ay) — ey,
g,z 0 3 3 Mg

which is equivalent to
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1 1 — e, B
max —(ay; Tx Km(afalajfzef"fp A‘E‘xl_ (H_aF: + 1)e,.

g, 20
Similarly, in the case ay3;45; = 1the optimal control action in the context of increasing economic

efficiency e, can be determined from the following:

max—ﬁ(}aeﬂ—ﬁﬂel—l-aq)—eﬂ,
g20 Mg o °© - -

which provides an opportunity to assert that x, = 0. Thus, if ay;43>1 one can argue about the
optimal model of the impact of frugal innovations on a livestock farm in the context of increasing

economic efficiency:

pada ¥olayy—(1+in (nxaia}:l.-"da}
By.tpg

1
ey = Fylepxy,ty) = = in ,
1
Hga’l:X:[ﬁXg_':1“”':“.1.’51’15:']-”5}
Byatpg

if

>1land x, = 1;

Ay ¥olayy —(1+n(ay.d, 1174
fgin ¥nl Xy Agilg :|-' a.:'x- E l

e, = Fyley,xy,t,) =0, if Byt 1

At the same time, e; = F, (e, x,,t;) =0, if ayzd; < 1.

An important component of frugal innovation management on a livestock farm is the inclusion of
socio-environmental efficiency in its model, taking into account the control actions defined above in the
other two directions. In this case, the target function for search e, may look like this:

max aEyx; — BE,(t; — t,) — e, — Eye, — Epeg
B

Therefore:

Epxz = Ey(E (Ey(x3))) = Eg(Ey(xa(1— exp"la"ajx:]j

Thus,

1
ayada

Epxs = x3(1— JEo(Pr(x; = 1)) = x3(1 _ﬁjgﬂ[l - exP_Azﬂz)xiD’
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ifaysdz>land Eje; = 0, ifaygd; = 1.

Consequently,

By, + s

— -
ayss [Thy [EU{E —(1+ ln[a,}jaﬂ,a])fﬂ,a
By: + i3

1_
ﬂlalajt [Ty (ﬂfa —(1+ !n[cu’aﬂ,a])f.la

Epxy = x3(1— )Py(xy = 1)

Jexp hfixy,

= x1x3(1 —

podn ¥ul ey, —(14in ':ﬂxga’lg}:h"ﬂa}

If >1,an
IE}":'l'l'-'!a. a d
. Ay xal —(1+ini{ay.ds 11/
Eyxy = 0, if pads ¥alaks nlaxgds)) a}xl < 1oraysds < 1.
Byatps
As a result:

Ey(ty —ty) = Eglty + ag —ty) = Eg(t, — ty) + Ey(t; — ty) +ag,

Eo(ty — to) = Eg((rreq +az)ey) = % and

1
Eo(t; —ty) = Eg(y.e0 — 6,8, +ay)s, = Ey (El[(}’:ez —dye; t+ ﬂ:)E:)) = “_"Eu(}’:e: — 8,8, + a,)

It can be expressed otherwise if

pads xolays —(1+in l:ﬂxarla}jl.:"ﬂs_:l
Fyotpg

x> 1

aq—n’igel+ ¥o ln;taﬂ,:,r:[afa—[l—l-.in[a,}{a,laj]fﬂ,ajp

E,(t, —t,) = — =1
D[ 2 J.j ﬂ:: j:{:.l: ﬁ};: +IHE I}Exl j
_a,— 88 Bx .Ifaﬂ':.k':[ﬂ.l'a —(1+ En[a‘ralaj)j,laj —ie
= + In exp .
Ha Hads By, +us

pada xolays —(1+in{aysdg }:I.-"AE}
IE}":"' Mg

At the same time, if Xy =1 oraygd; =1,

Gy~ 8,

o

Eo(t, —1)) =
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pads ¥olay, —(14n I:ﬂxa.-la}jl.-".-lajl
x

Moreover, in the case 1= 1
IE}":"'HE
1 ,ua.nlzxz[ﬁxa—l:l+!:lz|:rzx3.-13:':l.-"z13} ¥ Hgi:X:l:ﬁxa_':l‘H”':ﬂXa-‘la”-"lfla:' -4, 8,
E.e.,=—In P.lx, =1)==In exp iy
o=z Ay Byatug ﬂ( ! ) 2 Bratus P 0

FIRTN | —(1+In( Az b)iA
Has ¥z (axs —(14in(axds ) “}xl =1,0raysd; =1, Epe, = 0.

On the contrary, in the case

IE}":"'HE
Thus,
_ 1 _ _ Xz —An 8,
Eyeq = A_ln(ﬂfa"laj Py(x,=1) = A—ln[afala)ﬁ'u ([1 —exp™ ‘)3‘1)
3 3
Xz By: + 5
=—In(ay A1 — 1— = Plx,=1
Az ( A3 3) Fa-lz.k':(ﬂl'a — (1+3”(“X313])) I}( ) )
Az
_ X1Xa J‘?}’: + g

In(ays4;) (1 - ))EXP_A"E"XD)-

Hadsxs [ﬂ.l'a —(1+ ‘]”(“13*13]
Az

As

pads xolayy —(1+n ':ﬁXga’la:'jMa:'
Byatpg

If x> 1,

pads xolays —(1+iniaygdg 1))
If = a.i?}f-ﬂéa ote /2 xy=1orayzds =1, Epe; = 0.

Integrating the obtained expressions into a single complex in the form of an objective function to

determine the optimal model of the control action e,, one obtains the following to determine e;:

max — Aexp 4% — Be,,
g0

where B =1 — ,B(%—f],

pgds xo(axs —(14in(axA;))/45) 51

while in the case

IE}":"' Mg
_ 1 . Byatig . ¥oky g Ao ¥a | ﬁxa—':lﬂ:'z(ﬁxa.la}jl.-ﬁia]I
4= ﬂflfatl nxajla)(j' n'-faﬁ-:.t':iﬂ.t'a—"—+f-‘1lﬂ.t'39-a'.=jx'} ﬁ(.-lz.b!: In Byatug
Ag
¥y, Hads¥o(@ys —(1+in ':“Xa‘la”-ua:' X1 Xn Byatug
Iln By, g Xo T A In(axsAs) (1 — .'iaﬁ-:x:iﬂxa—"-ﬁmnxaﬂ.a'i)xﬂ')

]

Ag
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ade ¥ol ey, —(14In(ay,4;0)/45)
g ¥otilg

. T
and in case Xy =lorayzd; <1

A=0.

Thus, it can be argued that the optimal level of control frugal impact in the direction of socio-

environmental efficiency, in the case of 44, /B =1and B = 0, is equal to

1, A4,
=—Inh—

ey =7 ;incase A4, =Band B = 0, isequal to e, = 0. Therefore, it can be argued that there

is no comprehensive model of frugal innovation management on a livestock farm if B < 0 or at the same
time B = 0and 4 > 0. One can assume that in practice, such a situation is not possible.

The author suggests interpreting the level of frugal innovation management of a dairy farm (based
on calculating integral indicators: SEI, EEI, FEI) as a vector length (Bakaeva and Chernyaeva, 2017).
The author also suggests implementing regression analysis to identify key factors for improving
innovation management efficiency and predictive modeling of the resulting indicators of a dairy farm.
Fig. 2 shows the scheme for constructing the vector of efficiency of frugal innovation management of a

dairy farm based on the calculated integral indicators. As a result of the coordinate axes’ mutual

perpendicularity, one gets the vector length IMV = (SEI; EEI; FEI}, which can be defined as the length

of the diagonal of a rectangular parallelepiped formed from vectors SEI,; EEI ; FEI, and expressed as

follows:

|FIMPI| = /SEI? + EEI? + FEIZ

where FIMPI — the length of the vector Frugal Innovation Management Performance Index;
SEI — Socio-Environmental Index;
EEI — Economic Efficiency Index;

FEI- Farm Efficiency Index.
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Figure 2. Scheme for constructing the vector of efficiency of frugal innovation management of a
dairy farm

Source: developed by the author

Values of SEI, EEI, FEI on the specified model are determined by calculating the arithmetic mean
of the indicators that are part of SEI, EEI, FEI. For example, the value of SEI is found by summing the
normalized data of such indicators as the indicator of CH4 emissions, the indicator of the presence of
harmful substances in the production, the level of energy production from alternative sources (in this
case, biogas).

The livestock industry produces 14.5% of the global greenhouse gas (GHG) emissions (Gerber et
al., 2013), meanwhile enteric methane (CH4) produced by ruminants is the largest part (17%) of world
anthropogenic CH4 emissions (Knapp et al., 2014). Moreover, GHG emissions are most likely to raise

by 35% until 2050 due to boost of demand and forecast increase of production (Patra, 2014).
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EEI level is found by summing normalized data of such indicators as unit production costs
indicator, veterinary costs indicator, production volume indicator. FEI includes such indicators as
lactation level indicator, somatic cell level indicator, animal health indicator.

Results
After using PRC, the number of days till lactation peak significantly decreased: for 1st lactation,

from 144 to 98 days; for 2nd lactation, from 81 to 56 days; and for 3rd+ lactations, from 81 to 54 days.

All the lactation periods reached the minimum that had never been on the farm before (Fig. 3).
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Figure 3. Lactation peak
Source: Formed by the author
Total milk production on the farm (13% of the farm cattle were fed with PRC from 4 May 2020 to

4 Aug 2020) increased from 33.86 to 34.94 kg. The up-left curve of Fig. 4 reflects the milk production.
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Figure 4. Total milk production on the farm

Source: Formed by the author

Further, the results are presented by a group. Fresh group (GP6) was fed with PRC from 4 May
2020 to 4 Aug 2020. All the animals were fed. The top production of this group was achieved; it is
increased up to 5.8 kg (from 26.7 kg to 32.5 kg); the results are reflected in Fig. 5. Protein remains high

with high milk productivity: 3.35, while the farm average is 3.10.
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Milk production on the farm
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Figure 5. The results of milk production on the farm

Source: Formed by the author

Feeding costs were decreased, including the cost for PRC purchase: from 5.49 to 5.47 euro -0.36%
feeding per day per cow; TMR was regulated and the fat (380 gr), wheat (1 kg), and soybean meal (1.72
kg) were excluded. Straw (300 gr), ryegrass (700 gr), clover hey (1300 gr), and corn silage (2500 gr)
were included. The expenses for PRC purchase were covered; moreover, the farm had benefit +2 cents
per cow per day from feeding savings alone. Healthy ration: NDF (neutral detergent fiber) increased
from 35% to 39%; starch in the ration decreased from 24% to 23%; forage/concentrate ratio improved
from 42/58 to 53/47.

Peak of lactation. The days for peak of lactation significantly improved: for 1st lactation, from 144
to 98 days; for 2nd lactation, from 81 to 56 days; and for 3rd+ lactations, from 81 to 54 days.

Milk production was improved (based on “GEA Westfalia”) by 3.1% (1.08 kg). By groups: GP6

group had +5.8 kg (17.8%); group 1 +3.7 kg (9.6%); group 3 +3.5 kg (9%); group 5 +1.5 kg (4.2%);
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group 8 (jersey) +1.5 kg (6.4%); group 13 +1.5 kg (4.2%). Control groups: group 2 decreased milk
production by 4.1% (1.5 kg); group 10 had -1.5 kg (4.2%).

Health parameters. Somatic cell count (SCC) indicates milk quality and food safety, where less
than 100,000 cells/mL stands for uninfected cows, and higher than 250,000 - infected cows with
significant pathogen levels (Schukken et al., 2003; Schwarz et al., 2010). SCC results for GP6 group
were: 570,000 - before testing; 248,000 - on 28th day of testing; and 159,000 - after testing. This result
indicates an improvement in animals’ immune system functioning, which in the long term could reduce
the use of veterinary drugs for the treatment of mastitis. Cows of 1st lactation period (GP6) did not have
new cases of mastitis.

Heat stress. Despite of the heat stress (increase of temperature), which influences negatively milk
productivity, the animals which received PRC improved their milk yield results [10].

Based on the assessment of nine proposed indicators of the effectiveness of frugal innovation
management of a dairy farm, integral indicators were determined for the studied groups for three months,
which were normalized and shown in Table 1. Thus, SEI, EEI, and FEI each have three integral
indicators. This allowed the author to consider many determinants of PRC's effectiveness, including
lactation peak and animal health parameters.

Table 1. Key integral indicators of frugal innovation management of a dairy farm

Group (month) SEI EEI FEI FIMPI
gpl(1m) 0.118 0.262 0.273 0.396
gp3(1m) 0.397 0.319 0.373 0.631
gp5(1m) 0.255 0.416 0.490 0.692
gp8(1m) 0.052 0.256 0.241 0.356
gp13(1m) 0.331 0.380 0.481 0.697
gpl(2m) 0.517 0.207 0.354 0.660
gp3(2m) 0.432 0.127 0.237 0.509
gp5(2m) 0.343 0.206 0.747 0.848
gp8(2m) 0.384 0.065 0.749 0.844
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gp13(2m) 0.408 0.419 0.977 1.138

gpL(3m) 0.204 0.275 0.567 0.662
gp3(3m) 0.126 0.045 0.446 0.466
gp5(3m) 0.132 0.376 0.463 0.611
gp8(3m) 0.127 0.203 0.950 0.980
gp13(3m) 0.599 1.000 0.696 1.358

Source: Formed by the author
Using the obtained key indicators, a complex FIMPI was determined, which can be expressed as
the length of the frugal innovation management vector of a dairy farm for a certain period of time (Fig.

6); the results were further compared.

SEI A FIMPI (2m)  FIMPI (3m)
0.800 0.815

FIMPI

(control

FIMPI (Im)  Jgroups,
0.554 3m)
0.458

FEI

EEI

Figure 6. Vector of frugal dairy farm innovation management

Source: Formed by the author

During the three-month study period, the vector of frugal dairy farm innovation management
increased by 47%. This is confirmed by the FIMPI indicator. At the same time, its focus was on FEI. The
increase in efficiency is quite noticeable compared to the results for the control groups. This is the basis
for accepting hypothesis H1, since the results obtained prove that the proposed PRC has a positive effect

on the farm's functioning.
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To build a frugal innovation management model for a dairy farm, it is necessary to determine the
level of interconnection between the investigated components, presented as indicators. Based on the
collected data and calculated indicators for three dimensions of frugal innovation management efficiency,
a correlation matrix of the factors under study was formed, which is shown in Fig. 7.
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Figure 7. Correlation matrix of FIMPI constituent indicators for the studied groups according to
observations for three months

Source: Formed by the author

Based on the obtained matrix, it can be argued that there is no strong correlation between the
studied variables. This allows them to be used as components of a frugal innovation management model
for a dairy farm, since they are not interdependent and contribute to the development of an adequate
equation model. At the same time, it should be noted that there is a fairly strong relationship between the
factors under study and the main indicator - Frugal Innovation Management Performance Index. The
most pronounced correlation is between FIMPI and farm efficiency (FEI), which is 0.824. A sufficient

level of interconnection is characteristic of the other two indicators as well. At the same time, they are
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very close in value: economic efficiency - 0.636, and socio-environmental - 0.594. For a deeper study of
the relationship between the investigated factors and FIMPI, an analysis of variance was carried out for

each of its components. The results are shown in Fig. 8.
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Figure 8. The relationship between socio-environmental parameters and the Frugal Innovation
Management Performance Index

Source: Formed by the author

Despite the sufficient level of correlation between socio-environmental efficiency and the Frugal
Innovation Management Performance Index, determined when constructing the matrix, there is still no
significant interdependence between SEI and FIMPI in an autonomous examination. This is primarily
indicated by the coefficient of determination R2=0.35.

To determine the level of influence of economic efficiency on the FIMPI value, an analysis of

variance was carried out, the results of which are shown in Fig. 9.
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Figure 9. Relationship between economic parameters and the Frugal Innovation Management
Performance Index

Source: Formed by the author

Similar to the previous analysis, there is insufficient correlation between EEI and FIMPI to be able
to assert a significant impact of cost-effectiveness on frugal innovation management. This also confirms
the coefficient of determination R2=0.33.

The relationship between farm efficiency and FIMPI management level is demonstrated on the

basis of analysis of variance, the results of which are shown in Fig. 10.
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Figure 10. Relationship between farm performance parameters and the Frugal Innovation
Management Performance Index

Source: Formed by the author

The resulting pairwise regression equation is applicable and confirms that there is a sufficient
relationship between farm efficiency and FIMPI management level. This is indicated by the coefficient
of determination R2=0.68. The analysis of variance between the studied indicators and FIMPI separately
confirms the presence of the strongest relationship between the management efficiency of Frugal
Innovation and the efficiency parameters of the dairy farm itself, but at the same time, a weak influence
of the socio-environmental and economic components was recorded.

This study focused on a comprehensive assessment of the effectiveness of frugal dairy farm
innovation management. Taking this into account, it is necessary to conduct a variance analysis of the
influence of all three constituent elements on FIMPI based on multiple regression (Table 2). Due to the
lack of correlation between the studied variables, the formation of a reliable model is assumed.

Table 2. Indicators of modeling the level of frugal innovation management efficiency on a dairy

farm in the context of three constituent elements
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df SS MS F F Sign

Regression 3 1.0429 0.3476 307.7875 0.0000
Residue 11 0.0124 0.0011
Total 14 1.0553
Factor Coefficients Standard Error t-Stat P-Value Lower 95%  Higher 95%
Y-intersection 0.0096 0.0255 0.3769 0.7134 -0.0465 0.0657
SEI 0.5135 0.0609 8.4301 0.0000 0.3794 0.6476
EEI 0.4464 0.0446 10.0200 0.0000 0.3483 0.5445
FEI 0.7952 0.0384 20.6920 0.0000 0.7106 0.8798

Source: Formed by the author

Thus, the model of effective frugal innovation management of a dairy farm can be expressed by
the following equation:

FIMPI=0.51-SEI+0.45 EEI+0.79 FEI

The presented results prove a stable relationship for all three studied indicators. At the same time,
the parameters of farm efficiency are characterized by the relationship with the FIMPI both in a stand-
alone and in an integrated version. This confirms the P-value, which for the variables is less than 0.05.
The applicability of the considered regression model is due to such reference points: R2=0.98, Ftabl<F
(3.59<307.79), and, according to Student's criterion, tobs=30.39 exceeds tcrit=2.13. It should be noted
that hypotheses H2 and H3 have no grounds for acceptance. On the contrary, hypothesis H4 is accepted,
since the most significant factor in the effectiveness of frugal innovation management on a livestock farm
is farm functionality. At the same time, to increase the effectiveness of the frugal innovation
management, a dairy farm should focus not only on economic benefits but also on increasing sustainable
development in the context of socio-environmental parameters of a farm as a producer of natural products

from healthy animals.

Discussion
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The study presented the robust results that reflect the positive impact on three main indicators: milk
production, feeding cost, and health of the herd. The most common problems faced by the farmers in
high yielding dairy cows are high feeding costs, insufficient milk production, and numerous animal
health issues (Devakumar, 2016). During the testing, high yielding dairy cows were fed with PRC; TMR
was regulated; unnecessary and expensive ingredients were excluded from TMR; the health parameters,
digestion of the animals, milk production, and quality of milk were continuously monitored (Garambois
et al., 2020).

The advantage of this study is the proposed methodological approach to assessing the effectiveness
of frugal innovation management on a dairy farm based on key indicators: socio-environmental,
economic, and farm efficiency (Dressler and Bucher, 2018). The proposed system of indicators can be
supplemented with other indicators that reflect the specifics of a farm's activities, for example, marketing
or sustainable development (Arnold, 2018; Boichenko et al., 2020). Thus, the obtained estimate in the
form of an integral indicator FIMPI is complex. This allows for a wider range of indicators and factors
to be taken into account compared to an approach focused on obtaining economic benefits (Tiwari and
de Waal, 2019). The proposed approach does not negate the need for economic efficiency. However, at
the same time, it is supplemented with social and environmental parameters that are important today and
are aimed at satisfying farmer ambitions (Molina-Maturano et al., 2020). Of particular scientific interest
is the interpretation of the proposed indicator in the form of a vector length (Ma et al., 2018), which also
helps to identify the strengths and weaknesses of frugal innovation management on a dairy farm.

This study is not free from limitations. Due to the farm’s features, it was not possible to feed
permanently selected animals, only groups. Some groups were chosen to demonstrate the effects of the
product. The period of testing was limited to 3 months, and the product might demonstrate all its
capabilities in a longer period of time. The product also affects the decrease of enteric methane emissions,
however, this farm does not monitor this indicator (Weishaupt et al., 2020). At the moment of testing in

June, the farm had malfunctions with feed equipment; despite this, the production of milk was raising in
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the group fed with PRC, along with decrease of somatic cells (Alhussien and Dang, 2018). The bias
(sharp lactation curve, from the “GEA Westfalia” program) was taken into account, and the real data
were used. Mastitis cases were measured only in 1st lactation period.

In the future, the study can test the proposed methodological approach on a larger number of farms
using frugal innovations, forming a universal system of indicators for farms, predicting the effectiveness

of frugal innovations management for them.

Conclusion
The results of using the proposed product as a frugal innovation demonstrate an increase in the

livestock farm's efficiency. The lactation curves of groups 1, 3, 5, 8, 13, 10, and 2 were compared. The
results show that lactation curves of groups that were fed with PRC increased, and in groups 10 and 2,
lactation curves decreased. In general, the application of frugal innovations in the dairy farm based on
the use of PRC led to decreased feeding costs, including the cost of PRC: from 5.49 to 5.47 euro (-
0.36%), feeding cost per day per cow. Thus, the expenses for PRC purchase are covered, moreover, the
farm has benefit +2 cents per cow per day, from feeding savings alone.

Due to PRC use, the milk yield increased by group: GP6 group had +5.8 kg (17.8%); group 1 +3.7
kg (9.6%); group 3 +3.5 kg (9%); group 5 +1.5 kg (4.2%); group 8 (jersey) +1.5 (6.4%); group 13 +1.5
kg (4.2%). This caused an increase of total milk yield on the farm (during the testing it increased by 1.08
kg per head per day). Despite the decreased milk yield in control groups and heat stress, this led to an
increased economic profit for the farm, which was 481 euro per day (43,290 euro per 3 months of testing).

The ration became healthier: NDF of the ration decreased from 35% to 39%; starch in the ration
declined from 24% to 23%; forage/concentrate ratio improved from 42/58 up to 53/47.

Regarding the milk quality, protein remained high with high milk productivity: 3.35 protein (GP6)

with the farm average of 3.10.
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Health parameters. There was a decrease in SCC, which refers to milk quality and food safety. SCC
results for GP6 group were: 570,000 - before testing; 248,000 - on 28th day of testing; and 159,000 -
after testing. This result indicates an improvement in the functioning of animals’ immune system, which
in the long term will reduce the use of veterinary drugs for the treatment of mastitis. Cows of 1st lactation
period (GP6, GP13) did not have new cases of mastitis.

Heat stress. Despite the heat stress (increase of temperature), which negatively influences milk
productivity, cows that received PRC improved their milk yield results.

This study raises the question of transferring farm production in general, and especially animal
husbandry, to an innovative type of development. The situation is dictated by one thing - market
requirements. Neglect of the latter can provoke a catastrophic decline in livestock production in the public
sector and, accordingly, a decrease in the level of consumption by the population of basic food products
of animal origin. A three-month study demonstrated the benefits that a dairy farm can receive in the
context of increasing milk productivity, improving product quality, and reducing its cost. This will
provide the population with high-quality dairy products from farms. Further development of the farm
requires effective implementation and management of frugal innovations, which imply qualitative
transformations that can ensure the farm's competitiveness in domestic and foreign markets and food
security of a state.

Thus, innovative activity in the context of a competitive environment and the unstable position of
livestock farming, especially dairy farming, is the foundation for ensuring the profitability of milk
production on farms. Effective management of frugal innovations requires an appropriate state policy in
the field of animal husbandry and should be aimed at supporting research in the field of innovative
technologies and their large-scale development. The conducted research shows the advantages of
innovative technologies over traditional ones, which affect milk production, and, consequently,

profitability.
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The scientific contribution of this study is the proposed methodological approach to assessing the
effectiveness of frugal innovation management of a dairy farm. It proves the complex nature of frugal
innovations and the need to expand the focus of their implementation, going beyond purely economic
benefits and taking into account socio-environmental aspects and farm functioning. The obtained results
are confirmed using regression analysis. It confirms the applicability of the formed methodology, and
also points to its alternativeness in the process of forming methodological tools for assessing frugal
innovation management efficiency on a dairy farm. The study confirms the relationship between the
effectiveness of introducing and managing frugal innovation and the economic performance of a dairy
farm. However, at the same time, the study proves that the most influential are precisely the specific
parameters of farm development.
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