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A B S T R A C T   

This study aims to explore how frugal innovations (FIs) emerge at the grassroots level of developing countries 
and employ novel business models to contribute to sustainable development. It explores various business model 
elements, mainly viewed through the lens of value proposition, value creation, and value capture. FIs transform 
underserved customers at the grassroots level into novel consumer groups. By exploring three FI cases, this study 
contributes to the literature about FI business models. It shows how individuals with limited education, funds, 
and resources can bring affordable products to market using outside the box thinking to meet the needs of 
underserved customers in developing countries.   

1. Introduction 

Frugal innovation (FI) has emerged as a novel way to serve low- 
income consumers in developing countries [1]. Sustainable business 
models (SBMs) are an emerging topic in the business discourse, and FI is 
considered an effective way to serve low-income customers sustainably. 
Many FIs are emerging in both developed and developing countries [2, 
3]. FI has been defined in many ways, and it overlaps with other con-
cepts, such as resource-constraints innovation and disruptive innovation 
[4]. It can, however, be defined as a resource-scarce solution, developed 
under resource and other limitations, for producing affordable, accept-
able goods to serve customers who cannot afford conventional equiva-
lents [5,6]. India is the epicentre of FI, which is sometimes referred to 
locally as Jugaad [7,8]. Scholars argue that FIs have significant potential 
for sustainable development, because they incorporate many sustain-
ability elements out of necessity [9]. Although sustainable development 
is a rather nebulous term, it broadly refers to accommodating various 
economic, social, and environmental concerns [10]. According to the 
Brundtland report, “sustainable development is a development that 
meets the needs of the present without compromising the ability of 
future generations to meet their own needs.” 

Affordable products and services are essential to meet the needs of 
underserved customers, but developing SBMs is also important to 
effectively serve these customers [11,12]. A viable approach for suc-
ceeding in developing countries is to develop a business model around 
an FI to achieve sustainable development [13]. Business models describe 
how firms propose, create, and capture value [14,15], but business 
models that integrate sustainability can provide value to customers and 

the wider society with far-reaching goals [16]. FIs differ significantly 
from conventional innovations in terms of their products and business 
models [17], and prior research indicates they show promise for sus-
tainable development [9]. Developing countries are fertile grounds for 
FI and sustainable development [18], but both large and small firms are 
developing FIs, such as Tata’s Nano, GE’s MAC 400 ECG machine, 
Narayana’s heart surgery, and Aravind Eye Hospitals’ cataract surgery 
[2]. 

Understanding how firms create and capture values with novel 
propositions that reach customers in remote areas is crucial [3]. Overall, 
there is a dearth of studies into FIs and their underlying business models 
in developing countries [19], with them focusing on FI and SBM sepa-
rately. Nevertheless, studying them together may provide significant 
insights for understanding how to sustainably serve low-income cus-
tomers in developing countries. Hence, the objective of this study is to 
explore how FIs develop in low-income countries with novel business 
models and contribute to sustainable development. 

Using three cases of FI in India, this study makes three main con-
tributions. First, it identifies the challenges that grassroots innovators 
face in the innovation process. Second, it shows how FIs with novel 
business models contribute to sustainable development by serving un-
derserved customers with affordable products. Third, it explains how FIs 
that emerge at the grassroots level can inspire established and other 
firms to develop products for underserved customers in developing 
countries. 
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2. Theoretical review 

FI mainly serves low-income customers in developing countries, but 
there is tremendous pressure from various groups to serve them in a 
sustainable way. Firms are increasingly striving to develop sustainable 
business models. We discuss here the literature for FI and sustainable 
business development in the context of developing countries as follows. 

2.1. Developing countries 

The massive economic growth in developing countries has led to 
significant scholarly interest in the innovation management practices of 
these countries [20,21]. Economic growth has continued in developing 
countries while it has stagnated in developed countries [22]. Developing 
countries also comprise a larger share of global customers. With their 
huge markets, it is little wonder that firms are increasingly focused on 
developing countries. However, many of these customers need afford-
able products, so it is necessary to rethink how resources can be used 
effectively to operate a sustainable business in developing countries. 
Products for resource-poor consumers in developing countries have 
received significant attention from scholars and practitioners [23,24], 
and providing value to these underserved customers in developing 
countries is a key challenge for businesses [25]. Developing countries 
have a large number of customers who simply cannot afford conven-
tional products and services, so they are increasingly seeking products 
that are good enough yet affordable. Many of them also live in remote 
(rural) areas and lack last-mile services. 

2.2. Innovation for developing countries 

Innovations are typically developed in developed countries and then 
transferred to developing countries [26]. However, recent decades have 
witnessed a tremendous growth in innovation within 
resource-constrained environments, mainly in developing countries [4]. 
Developing countries’ consumers are characterized by significantly 
lower purchasing power and distinct buying preferences, and they have 
become a new frontier for multinational companies [27]. Large western 
firms often collaborate with their subsidiaries in developing countries to 
develop products to meet local needs [28], thus allowing them to blend 
advanced knowledge with local knowhow to create appropriate solu-
tions [29]. Product innovations for underserved customers in devel-
oping countries have been identified as an opportunity for creating new 
markets. The current literature features limited research about how 
innovation capabilities can be developed for these underserved cus-
tomers in developing countries [30]. 

Small changes in economic growth can result in large differences in 
incomes over time [31], and innovation is recognized as a key enabler 
for economic growth [32]. Developing countries are increasingly seeing 
new types of innovation that deliver great value at an affordable price 
[33]. In the emerging economies of developing countries, local firms and 
the subsidiaries of global firms are constantly endeavouring to serve 
underserved customers. Even though studies into innovation in devel-
oping countries are steadily increasing in number, we still have limited 
knowledge about product development at the grassroots level of 
developing countries. Context-specific products that are developed in 
emerging economies have both local and global significance. Developing 
countries may lack the raw materials, human resources, supporting in-
stitutions, regulation, policy, and infrastructure needed for innovation, 
but despite these challenges, many innovations are developed at the 
grassroots level, and FI is an emergent example of this. 

2.3. Frugal innovation 

Recent years have witnessed a rising number of innovations from 
developing countries, many of which are called “frugal innovations” 
[34]. FI plays a significant role in inclusive innovation [35], and it has 

become increasingly important for social and political empowerment at 
the grassroots level [36]. FI aims to reduce technological complexity in 
order to provide customers value in resource-scare environments [25]. 
India is at the forefront of the FI phenomenon [5,37], which differs from 
conventional innovation in terms of novelty, target market [38], and 
business model [18]. Prior studies have provided some preliminary in-
sights into how FIs serve underserved customers in developing countries 
[19,35,6]. 

FI is especially promising in resource-scarce environments because of 
its emphasis on affordable, quality products [39]. A key challenge here is 
to develop novel offerings with limited resources [40], and some en-
terprises compete without the benefits of resources, core technologies, 
or market power. This phenomenon is viewed from a composition-based 
view that emphasizes how ordinary firms with limited resources can 
generate tremendous results [41]. Hence, specifically understanding 
local phenomena and generating theoretical knowledge across national 
boundaries are crucial [42]. FIs embrace context-sensitive approaches to 
serve low-income customers, and innovations that emerge at the grass-
roots level of developing countries often serve these customers’ needs 
[21]. Due to the lack of transferable knowledge in emerging economies, 
Western firms sometimes regard home-based product development as a 
viable approach for meeting the needs of low-income customers [29]. 
Along with established firms, many innovators at the grassroots level, 
often with limited education and technological knowledge, develop in-
novations using outside-the-box thinking [8], and knowledge transfer at 
this level may take place informally [43]. These innovators therefore 
deliver sustainable solutions using local materials and reusing discarded 
materials. The FIs that originate at the grassroots level in emerging 
economies can have a significant impact on society, because they serve 
underserved customers and promote sustainability [44]. Like any other 
type of innovation, however, an appropriate business model is essential 
for commercial success. 

2.4. Sustainable business models 

SBM is an emergent topic in the growing business model literature 
[45–47]. It integrates a triple bottom-line approach that considers 
stakeholders, the environment, and society [45]. According to Massa 
et al. [48], business models comprise three interpretations of their 
meanings and functions: business models as attributes of real firms, 
cognitive/linguistic schema, and formal conceptual representations of 
how a business functions. Many firms struggle to meet their sustain-
ability targets, so along with product and service innovation, business 
model innovation is needed to integrate revenue mechanisms for sus-
tainable solutions [49]. Sustainable business models also provide a 
competitive advantage by creating and capturing new value. However, 
Western business models are unsuitable for FIs in developing countries, 
where business models need to consider affordability to satisfy 
low-income customers. Indeed, carefully crafted business models are 
necessary to serve these customers’ needs [26], especially as emerging 
economies often lack the necessary institutions, infrastructure, and in-
tellectual property rights [50]. The knowledge about how innovation 
and sustainable development are integrated in emerging economies is 
limited [51], so understanding SBM in the context of developing coun-
tries and FIs for underserved customers presents an interesting research 
avenue. 

3. Method 

An abductive approach with a multiple case study method was used 
in this study, because this is effective for theory development or 
extension [52]. This approach is a form of logical inference that starts 
with observations and proceeds to develop a plausible conclusion. It 
yields the most likely conclusion from the data, so this reasoning infers 
the best explanation for a situation [53]. A case study, meanwhile, is a 
suitable method for gaining in-depth insights for underexplored 
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phenomena [54]. While the multiple case study approach has been 
criticized for providing mere descriptions [52], it is a widely used 
research method for qualitative studies [55]. 

3.1. Case selection 

FI at the grassroots level is a subject of emerging literature [1]. To 
contribute to this emerging field, three cases of FI at the grassroots level 
were considered in this study. After extensive desk research, we found 
these cases, which share many aspects in origin and efforts, were 
appropriate for exploring the FI phenomenon. All three cases are from 
India, namely Jayashree Industries, MittiCool, and Ksheera Enterprise. 
Jayashree Industries is based in Tamil Nadu, India. It produces machines 
for making sanitary pads for women. MittiCool is located in Gujarat 
state, India and makes various pottery, including a clay refrigerator. 
Ksheera Enterprise operates from Karnataka, India and makes low-cost 
milking machines. 

3.2. Data collection 

Data sources included interviews, secondary data, and observations, 
because multiple data sources are necessary for triangulation [54]. We 
interviewed the inventors of the products and the managers of the three 
case companies, with these interviews taking place face to face in the 
offices and factories of the companies in Gujarat, Karnataka, and Tamil 
Nadu. In addition, we conducted several lengthy face-to-face in-
teractions with Prof. Anil Gupta of the Indian Institute of Management, 
Ahmedabad, India. He provided financial, technical, marketing, and 
media coverage, as well as other support, to the case companies during 
their initial stages. We conducted eight interviews altogether in this 
study. We used open structured questions, so that interviewees could 
express themselves freely. The interviews provided insights into the 
companies’ past journeys, present statuses, and future plans. We 
partially recorded the interviews and transcribed the dialogue. We could 
not fully record interviews for compelling reasons that made this prac-
tically impossible. 

Before conducting the interviews, we performed desk research to 
collect secondary data, such as from enterprise websites, media articles, 
reports, and video clips. This secondary data allowed us to understand 
the cases better and develop a questionnaire for collecting primary data. 
During the field visits, we took comprehensive notes and reflected on the 
field visits, both immediately afterwards and on returning from the field. 
In addition, we converted these field notes into a digital format. We also 
took extensive videos and photographs of factory premises, machinery, 
tools, and operation processes during the field visits, each of which was 
rather long. For example, the visits to MittiCool and Ksheera Enterprise 
were a full day each. These long visits enabled us to observe, discuss, and 
witness different activities to gain a rich knowledge about the cases. 

3.3. Data analysis 

We applied abduction logic for the reasons indicated earlier. The 
data analysis comprised an iterative process of going back and forth 
between the literature and the data, thus allowing us to explore the FI 
phenomenon. The data was compiled into a single pdf file that was 
uploaded to the Atlas.ti website, which is widely accepted as an effective 
tool for qualitative data analysis. We started with preselected codes and 
open coding to capture different elements of the business model, and this 
enabled us to find the broad themes. Open coding refers to reading the 
data file and identifying codes. Our coding was mainly done according 
to the key elements of a business model—namely value proposition, 
value creation, and value capture. As we proceeded with the coding 
work, we did iteration and combination of different codes to develop 
broad categories of coding from 31 initial codes. 

3.4. Case description 

MittiCool: Mansukhbhai Prajapati of Gujarat, India came from a 
family of traditional pottery makers. He had to drop out of school to help 
support his family by working in different professions, including as a 
pottery helper, tea seller, and tile manufacturing worker. He experi-
enced backlash from his community, relatives, and acquaintances for 
doing jobs that did not accord with his status. As a pottery helper, he 
learned the pottery-making process, while as a tile manufacturing 
worker, he learned how tile-making machines work. He became 
intrigued in applying the mechanism of the tile-making machine to 
making traditional clay pottery. To achieve his dream, he quit his job in 
the tile factory and borrowed around US$500 dollars. He bought a piece 
of land, built his factory there, and bought the necessary machinery. 
Prof. Anil Gupta provided financial, technical, marketing, and media 
coverage, as well as other support, to Mansukhbhai Prajapati through 
the Grassroots Innovations Augmentation Network. At the initial stage, 
Mansukhbhai Prajapati also managed to borrow US$10,000 at an 18% 
interest rate. At the growth stage, he managed to secure a loan from 
Gujarat state with an interest rate below 1%. He could make 700 earthen 
pans a day after making numerous attempts to produce quality pans. He 
sold his pottery items in various villages. The firm now manufactures 
over 100 types of pottery, including its flagship clay fridge that brought 
them international fame. The fridge can preserve perishable foods and 
vegetables through a natural cooling process that requires no power. It is 
also widely used to store medicines and drugs at a cool temperature in 
areas where there is no electricity supply. The fridge is therefore espe-
cially useful for people who lack access to electricity or cannot afford a 
traditional fridge. The price of this fridge is around US$80. Its top 
chamber stores cold water, while the bottom chamber is used to preserve 
perishable items. Water drips down from the top chamber through the 
sidewalls and then evaporates, thus cooling the bottom chamber. An 
integrated tap in the top chamber allows it to dispense drinking water. 
Mansukhbhai has been recognized by different local, national, and in-
ternational organizations for his achievements. 

Ksheera Enterprise: Former schoolteacher and farmer Raghava Gowda 
from Karnataka, India developed a low-cost milking machine. His firm 
produces the MILKMASTER and IMILKER brands of milking machines. 
These are especially useful for smallholders who usually have relatively 
few cows to milk, so they milk them manually. Raghava himself needed 
to milk his cows manually, but sometimes this was not possible if no one 
was available who could milk cows. Manual milking can often result in 
udder infections, as was the case with Raghava’s cow. 

He also experienced the strain of manual milking, so he became 
inspired to develop an automated solution. He experimented with 
different materials and mechanisms and eventually came up with the 
idea of a low-cost mechanical milking machine based on the concept of 
the pressure sprayer, especially given the lack of electricity in many 
rural areas. He took a one-year sabbatical from his school, paying a 
substitute teacher, so he could focus on his milking-machine project. 
After four years of development, he successfully created a functional 
machine that could milk at a speed of up to 2 L per minute, enabling it to 
milk 10 cows one after another in around an hour. Ksheera Enterprise 
also now makes electrical and battery-powered milking machines. 
Raghava has been recognized through state and national awards for his 
milking machine. 

Jayashree Industries: Arunachalam Muruganantham of Tamil Nadu, 
India developed a simple, low-cost machine for making sanitary pads in 
order to solve a problem that millions of low-income women across India 
and other countries face. He was disturbed at learning that several 
hundred million women in India use unhygienic means, such as ash and 
dirty cloths, to deal with menstruation. Due to the premature death of 
his father, Arunachalam had to leave school at an early age. He then 
worked in a range of jobs, including day labourer, an assistant in a 
machine-repair workshop, a lathe machine operator, an insurance 
agent, and a yarn-selling agent. After seeing his newly married wife use a 
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dirty rag to deal with her menstruation, he bought a pack of sanitary 
pads for his wife, noting that the price seemed outrageous considering 
the material used in the product. He therefore started experimenting 
with different raw materials for making sanitary pads and asked his wife 
and sisters to test these pads. They were embarrassed and thought him a 
lunatic, but they reluctantly used them. Next, he approached a group of 
medical students to test his pads and provide feedback, but they did not 
cooperate. Eventually, he resorted to walking and cycling while wearing 
a rubber tube filled with animal blood inside his underwear to re-create 
the experience of menstruation. His wife and then mother left him for 
this apparent madness, something that is extremely rare among low- 
income Indian families. His neighbours also considered him insane 
and pressured him to leave the community. With a considerable strug-
gle, he managed to recreate the main raw material (wood fibre) that 
MNCs use in sanitary pads. In 2004, four and a half years after he began, 
he finished developing a mechanical machine to make sanitary pads, 
and the rest is history. There are two variants of the machine: a manually 
operated one costing US$2000 and a semi-automated model costing US 
$3500. He has already installed several thousand machines across India, 
with each machine providing employment for two or three women. He is 
called the menstrual man locally, but Time magazine named him in its 
list of the 100 most influential people in the world in 2014. He has been 
awarded the Padma Shri by the Indian Government, and even had a full- 
length movie made in India about his struggle. 

4. Analysis and results 

As we previously mentioned, a business model typically has three 
key components: (a) value proposition, (b) value creation, and (c) value 
capture [56]. Value proposition refers to the value that firms promise to 
deliver to their customers, while value creation is the main goal of a 
business entity. Finally, value capture is what delivers value for a firm’s 
shareholders. Value creation recognises different values and their in-
terrelationships, while value capture determines how value is monetized 
[57]. Based on the data analysis, we developed a framework of SBM 
components for FI, as depicted in Fig. 1. 

Affordable products, new products for a niche market, local 
employment, and sustainable development are the main value propo-
sitions for the three enterprises. Moreover, MittiCool’s products are 
aesthetically appealing to many customers, and its clay fridge has a 
natural cooling mechanism, so it has no need for electricity. Similarly, 
the milking machines and machines for making sanitary pads can 
operate with or without electricity. All three firms offer frugal products 
that do not require electricity, unlike conventional equivalents, and this 
will be attractive to many people who either lack access to electricity or 
care about the environment. The following comment from MittiCool’s 
head of marketing says it all: “Earth products are the best option; we are 
made of clay and go under the earth after we die.” Many people, 

especially in developing countries, have no access to electricity or basic 
healthcare. Many cannot afford such amenities even when they are 
available, so frugal products offer low-income people in developing 
countries a means to fulfil their basic needs. 

Affordable products are a key proposition of frugal products. Ksheera 
Enterprise’s milking machine is affordable even for farmers with few 
cows to milk. What is more, several families can share the use and cost of 
a milking machine, therefore reducing the individual cost even more. 
Similarly, Jayashree Industries’ machines make sanitary pads that are 
affordable for low-income females. Frugal products can also serve niche 
markets that are often ignored by mainstream companies. For example, 
clay fridges, mechanical milking machines, and cheap sanitary pads are 
aimed at serving customers who are beyond the scope of mainstream 
firms. While the milking machine is a fresh product, Jayashree In-
dustries fills a niche market in two ways. First, its machines allows 
women and small NGOs to start a social enterprise and provide 
employment for women. Second, it provides a means for low-income 
females to care for menstruation hygienically. These social enterprises 
often have brand names of their own. Indeed, over a thousand brands of 
sanitary pads are based on the machines of Jayashree Industries. Low- 
price products in niche markets have provided these social enterprises 
with the opportunity to offer promising value propositions to their target 
customers. 

All three products, either directly or indirectly, contribute to female 
empowerment. For example, women now have access to affordable 
sanitary products, and many women no longer have to manually milk 
their cows thanks to the low-cost milking machine, thus uplifting their 
quality of life. For frugal products, one element of value proposition is 
reaching target customers with alternative supply chains, so customers 
can receive their products easily. All three cases have a significant 
element of sustainability. For example, MittiCool’s products are made 
from clay, Jayashree Industries’ machines empower women, and the 
milking machine helps produce hygienic milk. MittiCool argues that its 
“products develop green societies in rural areas, thereby contributing to 
reducing the carbon footprint”. 

4.1. Value creation 

All three enterprises have exceptional business models. Even though 
the inventors were unfamiliar with advanced sciences and technologies, 
they created value using low-cost materials, used materials, and simple 
technologies to generate local and other employment for people making 
low-cost products. In addition, the lower costs to develop a product suits 
resource-scarce customers. 

The enterprises use local materials and sometimes reuse materials, 
thereby managing to limit their production costs. For example, Mitti-
Cool uses local clay to make its products, while Jayashree Industries 
encourages its social enterprises to use local materials such as banana 

Fig. 1. A framework of sustainable business models for frugal innovation.  
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fibre instead of imported materials to make sanitary pads. The produc-
tion mechanisms are also simple and do not involve sophisticated 
technologies. The use of cheap, locally available raw materials also 
enables enterprises to offer affordable products to low-income cus-
tomers. They also received state support in many ways. For example, 
Gujarat state supported MittiCool with finance and other logistic sup-
ports, as expressed by the owner of MittiCool: “If we wanted to go to Delhi 
to attend a trade fair, our carrying cost and hotel cost were borne by the state 
unless we made enough money.” The enterprises initially focused on effi-
ciency, namely the production of more units in less time, to create value. 
Later on, they improved the quality and aesthetic aspects of their 
products to create additional value. The owner of MittiCool expressed, 
“We worked from 4:00 a.m. to 22:00 p.m. Now, the same work takes only 1 
h” He achieved efficiency by applying production techniques from 
another industry, namely roof tile manufacturing. The low-cost milking 
machine’s inventor borrowed an idea from the pressure pump spray. The 
sanitary towel machine was made using various mechanical and hy-
draulic mechanisms, but unlike multinational companies that would 
develop an expensive machine, Arunachalam developed a low-cost 
version. Arunachalam has consequently reduced the cost of sanitary 
pads significantly, as he expressed: “the price of sanitary pads is one-third 
of the sanitary pads of multinational firms”. 

All three enterprises have employed people who may have likely 
remained unemployed unless they moved to another location, such as a 
big city. MittiCool has 30 employees, Ksheera Enterprises has 25, and 
Jayashree Industries has five direct employees. More importantly, these 
enterprises have generated thousands of indirect jobs. For example, each 
machine for making sanitary pads has generated employment for many 
women as operators, sales representatives, and so on. The enterprises 
also have a reputation for paying their employees a decent salary, as 
Mansukhbhai expressed in reply to a question about the salary of his 
employees: “Yes I pay a high salary to my employees because skilled people 
are difficult to find and I want them to feel at home here.” He also indicated 
that his work has inspired over a thousand families who are involved 
with selling pottery items to over a million users. He prefers his em-
ployees and community to benefit from his company rather than make 
more profit, although because of the location of the enterprises, salary 
costs are much lower than those of multinational firms. Many people 
also work indirectly in the value chain, however, and this also applies to 
Jayashree Industries and Ksheera Enterprises. 

The inventors invented their products with their limited means while 
keeping in mind the target customers and the context of developing 
countries. Their personal experiences and familiarity with the target 
customers were an important element in developing their products. 
Physical proximity to the target market and a deep understanding of it 
are important for FI [58]. What is more, frugal products require very 
little maintenance. To create value and become commercially success-
ful, all three enterprises struggled for a number of years with their in-
ventions. For example, Mansukhbhai had been producing pans made 
from clay heated to a certain temperature. He experimented with 
different materials and combinations thereof to find the best combina-
tion of materials and temperature. He sold his products in local markets 
and had frequent contact with his customers, which allowed him to 
receive first-hand customer feedback. Some local institutes provided 
extra support to educate him about material properties. Arunachalam, 
meanwhile, tested various raw materials to identify the best materials 
for making sanitary pads. To create value, he used local materials to 
make the machine and imported the raw material for the pads. Finally, 
Raghava had to take a one-year sabbatical to focus on his milking 
machine. 

A common and crucial challenge is finding the right materials or 
combination thereof for a product. Another key element of value crea-
tion is the use of simple technologies. Blending a knowledge of materials 
with innovative ideas enabled all three enterprises to solve the problems 
faced by low-income customers in rural areas. The mechanisms of all 
three enterprises’ machines are simple and easy for anyone to use. 

Conventional firms often ignore these low-income customers, however. 
In addition, the three enterprises benefited from using local materials 
and local suppliers in their backward and forward supply chains. Their 
reputation also increased due to positive attitudes in their societies. 

4.2. Value capture 

The value capture for the three cases differs from that of conven-
tional firms. They sell products at a low price yet they are of sufficient 
quality. The enterprises focus on cost reductions in terms of raw mate-
rials, manufacturing, and sales. To capture value, the supply chain is a 
key challenge for all three enterprises, because their customers are 
scattered across different geographical locations. Even though they have 
reduced production costs, delivery to distant locations hinders them 
from scaling up and increasing their revenues. A key way to become 
competitive is to reduce the price at the production point. The use of 
locally sourced, used, and discarded materials is a major source of cost 
reduction, as is the employment of cheap local labour. Another way to 
reduce costs is to minimize the features in a products, such as simple 
technologies that focus on core functionality. Since the enterprises 
operate at the grassroots level of developing countries, production costs 
are naturally low. However, informal and formal supports also help to 
increase the value capture through the sales aspect. Local institutional 
support therefore helps the enterprises to extend their reach. Awareness 
of their frugal products is mainly spread through word of mouth and 
media coverage due to their novelty. The inventions of all three enter-
prises have been recognized locally, nationally, and internationally, 
with media coverage including local news, electronic media, interna-
tional media, documentaries, and even a Bollywood movie. 

A challenge for the enterprises is how to protect their products from 
being copied by others. Due to the simplicity of their products, they are 
widely copied by many unscrupulous individuals. The copied products 
are cheaper but inferior in quality. To create extra value, the enterprises 
sometimes sacrifice their brand names. For example, many firms want to 
market MittiCool products under different names, and MittiCool agrees 
to this to earn further revenue. Sometimes, MittiCool even removes its 
logo, although it has declined to collaborate with some large firms who 
wanted to use their own brands instead of MittiCool. 

For example, MittiCool uses “Made in India” instead of its own logo 
for a firm in Dubai, which is a major export destination for its clay fridge. 
It also sacrifices its brand name and replaces it with distributors’ brands, 
as the head of the sales and marketing expressed: “First try will be Mit-
tiCool and if that does not work, then I will also go with their brand.” To 
capture value, MittiCool is investing in marketing and promoting 
through social media to get its brand name at the top of search engine 
results. Thus, a way to gain further value creation is to collaborate with 
large firms, but the enterprises fear that these large firms may mistreat 
them, so they may eventually lose their own brand names. India itself is 
a large market, and the enterprises serve only a tiny part of it. Recently, 
they have started focusing on selling products through dealers, sub- 
dealers, and retailers. MittiCool also started selling its product through 
franchising arrangements in large Indian cities. 

Ksheera Enterprises benefits from the milk associations that subsi-
dize farmers in purchasing a milking machine. Jayashree Industries and 
MittiCool, meanwhile, receive support from well-off people—such as 
diabetes patients, teachers, professors, and ayurvedic doctors, as well as 
schools and universities—who advocate their products to potential 
customers. Even though frugal innovations are meant for low-income 
customers in developing countries, they sometimes trickle up to devel-
oped countries [33] in a phenomenon that is called reverse innovation 
[59]. Reverse innovation is therefore a new way to serve customers in 
developed countries with frugal products. The products of all three en-
terprises are exported to various developed countries including 
Singapore, the United Arab Emirates, and some African countries. Ac-
cording to the owner of MittiCool, the company has received orders from 
41 countries around the world. 
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Arunachalam’s machine has been copied and implemented in 
countries such as Kenya, Ghana, Nigeria, and Zimbabwe. However, he 
has an ambitious plan to create one million jobs by expanding his 
products’ reach to over 106 countries. Ksheera Enterprise’s machine is 
used in both nearby and distant countries, including New Zealand, 
Mexico, Sweden, and Kenya. Other unscrupulous people often prevent 
the enterprises from capturing value by copying their products, and the 
enterprises have no option but to live with this. In reality, India is a huge 
country, and covering the whole of it is difficult for them anyway. 
Moreover, intellectual property laws are weakly implemented in India, 
as is the case for most FIs operating at the grassroots level [1]. Aru-
nachalam expresses this as follows: “I put all the detail upfront on the 
public domain to copy. I do not worry about copying because the mission I 
have is to make awareness.” He also points out that the “patent for my 
product is not important; I have got the patent for complacency.” A challenge 
for the enterprises in scaling up is the lack of government support. 
Arunachalam showed his dissatisfaction with this: “I went to Harvard and 
one girl asked me in what way the Indian government is helping. I told them 
both Monmahan (prime minister) and Sonia (congress party chief) are 
allowing me to continue. Allowing is everything.” Despite the many chal-
lenges, all three enterprises have become successful in niche markets 
with sustainable business models. 

5. Implications 

This study demonstrates how FIs with novel business models can 
serve underserved customers in developing countries and play a pivotal 
role in sustainable development. It has examined how enterprises at the 
grassroots level develop a sustainable business model. We analysed 
three frugal innovations mainly through the lens of the three key ele-
ments of a business model: value proposition, value creation, and value 
capture. Thus, we have extended the current business model literature 
and complemented previous studies about inclusive development [43], 
sustainability [9], and the FI process [35]. The main value propositions 
comprise affordable products, natural products, electricity-free opera-
tion, focus on niche markets, female empowerment, and easy access to 
cheap and sustainable products. Their affordable and sustainable 
products therefore reach niche markets to enhance the quality of life for 
underserved customers while creating jobs at the local level. The en-
terprises also provide training to customers. FI creates new niches, 
including new customers, new market segments, and new means for 
sustainable development. Innovations for developing countries need 
new tailored business models for offering affordable products, so 
knowledge at the grassroots level is essential to meet local needs. FI 
lacks adequate government support, however. Arunachalam, for 
example, would have experienced massive sales growth if his machine 
had been included in the Indian government’s recently declared scheme 
to provide free, highly subsidized sanitary pads to low-income females. 
This lack of support has forced the enterprises to serve their customers 
differently. 

All three enterprises persevered in developing their FIs, often 
experimenting for years to develop their products. Few people would 
commit so much time to developing a product. To develop FIs at the 
grassroots level, individuals therefore need long-term dedication and 
technological support, which is not readily available in developing 
countries. Obtaining funding is also challenging for grassroots inventors. 
Building suitable institutes and a good environment for financial and 
technological support is therefore important. Due to local roots and poor 
transportation infrastructure, many FIs fail to scale up. Even though FIs 
may be patented, unscrupulous people copy them, and the enterprises 
cannot take legal action due to weak intellectual property protection in 
developing countries. 

The enterprises got their funding from friends and family, private 
moneylenders, and banks. Due to a lack of knowledge and support from 
experts, they were unaware of alternative sources of funding, such as 
crowdfunding and venture capital. There are also some micro-venture 

capitalists in India, but accessing these sources is challenging for 
grassroots enterprises [60]. Western start-ups, in contrast, have access to 
hi-tech science and technology, innovation hubs, and venture capital. 
Sustainability is becoming increasingly important for business and so-
ciety. FIs are an effective means for achieving sustainable development, 
and they create new types of employment and customer segments, and 
they empower local people and serve niche markets. FI at the grassroots 
level therefore represents a bottom-up approach that is effective for 
sustainable development. FIs also employ business models with multi-
dimensional value propositions. They therefore contribute to sustain-
able development more effectively than conventional products. These 
enterprises create value by solving the problems of people who are 
overlooked by large firms, all while keeping costs to minimum so that 
low-income customers can afford them. They also pay their employees 
reasonably well, even if this is extremely low by Western standards. 
They can therefore offer products in developing countries that multi-
national firms cannot [61]. 

This study has several implications for practitioners. It demonstrates 
how to solve social problems with a novel business model in order to 
meet society’s needs affordably. Developing a frugal mind set, culture, 
and attitude in scholars, managers, and policymakers is essential for 
sustainable development. Frugal inventors at the grassroots level have 
in-depth knowledge about the low-income customers of developing 
countries, and when in dire need, affordable solutions present a precious 
value proposition for customers who cannot afford the existing products. 
FIs at the grassroots level also often do not compete with existing 
products because they solve problems that mainstream companies have 
ignored. Success usually comes after a long struggle, and enterprises 
need to overcome barriers that significantly differ from those of Western 
start-ups. FIs can also bring underprivileged people into mainstream 
society, so managers may need to rethink their assessment of FIs. 

6. Limitations and future research avenues 

This study has several limitations, thus providing opportunities for 
future research. It explored three FI cases, but exploring a larger number 
of cases could provide deeper insights into the FI phenomenon. What is 
more, the three cases in this study are all in India. Understanding FI in 
other geographical regions could add significant value to the FI litera-
ture. FI at the grassroots level for sustainable development is a recent 
addition to the academic literature. Indeed, sustainable business models, 
FI, and the economies of developing countries are all emerging concepts 
in the academic literature, so we have a limited understanding of SBM in 
this dynamic context. For example, how FIs evolve from their inception 
to a mature stage would be interesting and valuable to explore. How FIs 
at the grassroots level can successfully capture value in developed 
countries and the associated challenges they face in this are important 
study topics for the future. Business models differ between developed 
and developing countries, as well as between FIs and mainstream in-
novations, yet such differences have been limitedly explored in the 
extant literature. The decision-making steps of frugal entrepreneurs also 
differ from those of other entrepreneurs, so it would be valuable to 
investigate the psychological aspects of frugal entrepreneurs. Devel-
oping product distribution channels is also challenging for FIs, so 
exploring issues related to this may be very insightful. Financial mech-
anisms are also not well established for FIs, so understanding possible 
financial mechanisms to support FIs is essential. To develop a FI, in-
dividuals embrace an effectuation perspective in place of causation. 
Effectual entrepreneurs start small and grow their endeavour by 
expanding their networks of relationships over iterative cycles. Studies 
are also needed to explore how FIs can be protected from unscrupulous 
copying. In short, as a recent phenomenon, FI provides numerous ave-
nues for future research. 
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