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Introduction 

Around 795 million people, close to 13% of global population, were estimated to be 

undernourished in 2015, notwithstanding various development gains over the previous decades 

(FAO  2015). Moreover, the world population is estimated to increase by another 2.2 billion 

between 2017 and 2050 reaching 9.8 billion, further driving up global demand for food, 

especially in the developing economies of Africa and Asia (UN-DESA  2017). Not included 

herein is the requirement for fodder for a growing animal livestock for dairy and meat produce 

(PMSEIC  2010; Swaminathan and Bhavani  2013). Projections show that by 2050 the supply 

of grains will fall considerably short of the increased demand. To aggravate the matters, yields 

of major food crops in tropical regions are being adversely affected by the changing climate 

(UN-ESCAP  2010). Rising costs for food can push many vulnerable individuals and 

households into poverty, undernourishment or starvation with potentially severe humanitarian, 

economic and social implications (Gustafson  2013).  

At the same time, the world is beset with a tremendous loss of raw produce and waste of 

food due to inefficiencies in the value chains, unsustainable consumer habits and partly due to 

unreasonable government policies (Gustavsson, Cederberg, Sonesson, van Otterdijk, and 

Meybeck  2011; Lipinski et al.  2013). Studies estimate that between 27-32% of all food 

produced globally is either lost or wasted; for fruits and vegetables the share of loss/wastage 

can be as high as 55% (Ganguly, Gulati, and von Braun  2017). According to a UNO report, 

“Much work [.] remains to be done to eradicate hunger and achieve food security across all its 

dimensions” (FAO  2015: 4). This awareness partly emanates from the realization that there 

has been a general lack of investment in agriculture and inadequate attention has been paid to 



food security. Especially the difficulties faced by small-scale farmers in agro-ecologically poor 

areas due to the lack of appropriate and affordable technological solutions have been ignored 

(Gustafson  2013). 

The present paper investigates if and how frugal innovations, targeted at achieving 

“affordable excellence”, can help ensure better food security, greater social inclusion and 

ecologically sustainable economic development. Questions are asked whether and to what 

extent frugal innovations can contribute to ensure global food security in an environmentally 

sustainable manner, and what societal, policy and business drivers and barriers need to be 

addressed.  

Food Security 

The concept of food security has evolved from a purely production-driven approach to a more 

comprehensive understanding that produced food should also be actually accessible and 

sufficiently nutritious while catering to social and cultural preferences (UN-ESCAP  2009). 

Merely increasing productivity does not necessarily ensure that the produced food actually 

reaches the people that need it the most (De Rosa  2018). Food security is, therefore, defined 

in the following terms:  

“A situation that exists when all people, at all times, have physical, social and 

economic access to sufficient, safe and nutritious food that meets their dietary 

needs and food preferences for an active and healthy life” (FAO  2015: 53). 

Food security, thus, consists of four core elements: availability, access, utilization and stability. 

While food availability means that sufficient quantities of food with appropriate nutritious 

quality are available to a populace, food accessibility is generally concerned with ensuring that 

people actually have economic (affordable) access to obtain such food. Access can, at times, 

also be concerned with removing legal, political or social hurdles to obtaining food, but those 

aspects lie outside the scope of this discussion. Utilization refers to the capacity of the 

individuals to consume food in conjunction with an adequate diet, clean water, sanitation and 

healthcare so that physiological needs are met and a nutritious well-being achieved. Finally, 

stability is concerned with the capacity of an individual, household or population to withstand 

sudden shocks, such as economic or climatic crises, without losing access to affordable food 

(UN-ESCAP  2009).   

 



Food Processing Industry 

Food processing can be defined as a process of value addition by methods such as grading, 

sorting and packaging of raw agricultural and horticultural produce with the purpose of making 

it fit for human consumption, enhancing shelf-life and improving nutritional quality (Tiwari  

2017b). Sub-sectors of the food processing industry include agriculture, horticulture, 

plantation, animal husbandry and fisheries (Meredien  2013).  Figure 7.1 shows the value chain 

of the food processing industry. 

 

FIGURE 7.1 Value chain of the food processing industry. 

The food processing industry contributes to poverty reduction and enhances food security in 

rural areas by adding value to, and increasing demand for, agricultural outputs (FAO  2016). 

Frugal Innovations 

Frugal innovations refer to products and services that significantly reduce the total cost of 

ownership by focusing on core functionalities and reducing non-core features, leading to 

greater resource efficiency and optimised performance (Prabhu  2017; Weyrauch and Herstatt  

2016). A study of the media discourse of frugal innovations by Bergmann and Tiwari (2016) 

showed that generally the following characteristics are associated with them (in order of 

relevance): (a) affordability, (b) complexity reduction and simplification, (c) robustness, (d) 

resource efficiency, (e) focused functionality, (f) user-friendliness, and (g) growth 

opportunities.  

Based on a study of the determinants of acceptance for frugal products, which showed that 

customers of frugal products and services may be driven by both financial and non-financial 

considerations (Tiwari  2017a), this model was subsequently extended to further refine the 

concept of affordability by explicitly including non-monetary dimensions. Frugal products and 

services should not be merely ensuring financial affordability to their individual customers, but 

should also be affordable to the society as such by minimizing externalisation of indirect social 

costs. Furthermore, they must be affordable in terms of the infrastructure they require for a 

smooth operation and should ideally either fit in the given eco-system or require minimal, 

additional investments. Finally, environmental affordability is also of critical importance so 



that significant reduction in total cost of ownership/usage does not lead to undesirable and 

avoidable negative ecological impacts, e.g. due to inflationary rebound effects (Tiwari  2017c). 

 

 

FIGURE 7.2. A framework for frugal innovations. 

As can be seen in Figure 7.2, frugal innovations, at their core, carry a customer-specific value 

proposition in conjunction with minimal use of resources and an affordable cost of ownership, 

which increases their context-specific appropriateness. This generally requires a frugal design 

and a frugal organisational culture. On the whole, the increasing relevance of frugal innovation 

is driven by the growing cost pressure, need for ecological sustainability, the increasing 

regulatory standards and the opportunities provided by digitalization (Kalogerakis, Fischer, and 

Tiwari  2017). It therefore seems likely that frugal innovations have a potentially significant 

societal impact in both developing economies and industrialized nations (Kirsten and Thornton  

2012; Kroll et al.  2016). 

 



Connecting Food Security and Frugality 

Ensuring food security necessitates that nutrient rich vegetables and other food items are 

produced, processed and made available in the market “throughout the year at an affordable 

cost to urban and rural population” (Ramachandran  2013: 375). This seems particularly 

challenging considering that global demand for food is expected to double between 2010 and 

2050, necessitating an annual increase in production worth 44 additional tonnes (cf. COA  

2012). According to projections (see Figure 7.3) by Indian Council for Agricultural Research 

(ICAR), food demand in India alone is estimated to grow even more than 3-fold for certain 

food items, e.g. meat and eggs, already by 2030 (ICAR  2011). The magnitude of this challenge 

can be illustrated by the example of food grains, whose demand in India is expected to grow 

from 192 million tonnes in 2000 to 345 million tonnes in 2030, absorbing and requiring an 

additional yield of 5.5 million tonnes every year till then (ICAR  2011).  

 

FIGURE 7.3. Projected increase in food demand in India between 2000-2030. 

Increasing food-demand and environmental challenges resulting from climate change, land 

degradation, and loss of biodiversity are intensifying pressure on the system (EMF  2016: 40). 

The problem is further compounded by the continuing urbanization, which is reducing the 

availability of arable land (EIU  2017; IFPRI  2017). In words of Swaminathan and Bhavani 

(2013: 384), a key challenge facing countries, such as India, “is to produce more and more 

from diminishing per capita arable land and irrigation water resources and expanding abiotic 

and biotic stresses”. Most of the farmers worldwide are smallholders (Ganguly et al.  2017). 

For example, over 80%  of farm-holdings in India are less than 2 hectares in size and many of 

them live in dry regions, necessitating technologies for dry-land farming (Swaminathan and 

Bhavani  2013).  

 



The absence of affordable and effective solutions for storage, preservation and transportation 

of perishables food products, such as vegetables and fruits, often leads to unstable prices and 

uncertain availability (Gopalan  2013). There is a need for cost-effective solutions along the 

entire food-processing value chain, from production, processing and logistics right up to 

consumption, that are affordable and suitable for small-scale operations. Solutions are required 

for both increasing food yield and ensuring proper access and utilization in a stable manner. 

Although food security is generally brought in connection with agriculture and the food 

processing industry, there are other areas which have an intersection with it, such as weather 

monitoring (Howell, van Beers, and Doorn  2018), or public infrastructure. According to 

Vachani and Smith (2008), poor public infrastructure in remote areas of developing economies 

often leads to high transportation costs of goods. Inhabitants often pay price-premiums in the 

range of 20-25% for the agricultural inputs and consumer goods in comparison to urban areas. 

Therefore, innovative solutions that are especially suitable for small-farmers and rural areas 

must be developed and disseminated across the entire primary and secondary value-chain. On 

the other hand, established firms in economically-developed nations have traditionally focused 

on creating solutions for resource-endowed large enterprises (Ganguly et al.  2017; Kitinoja 

and Cantwell  2010; Tiwari  2017b).    

Innovative solutions to control temperature variation during transport, storage and 

packaging are required to improve the shelf-life of perishable products (Ganguly et al.  2017). 

A study by Ellen MacArthur Foundation in India’s context suggests that digital technologies 

could provide one effective tool to ensure knowledge and asset sharing, transform food supply 

chains and enhance resource-efficiency (EMF  2016). Digital solutions, e.g. virtual platforms 

with mobile connectivity, could increase efficiency in the value-chain (Ganguly et al.  2017). 

Finally, food security is not merely a problem of the developing world. Between 5-14% 

of populations in industrialized nations, such as Canada, New Zealand, USA, and Australia 

have been reported as having experienced food insecurity (Lê, Auckland, Nguyen, Terry, and 

Barnett  2013). Furthermore, industrialized nations are often dependent on import of raw 

material from the global south, and will likely also face the impact of this development on 

multiple levels. Examples include difficulties in procurement of raw produce and other 

commodities necessary for food consumption, industrial production as well as in the form of 

immigration pressure. In case food scarcity leads to problems in law and order in certain world 

regions, there may be more refugees fleeing problem-spots for safety and/or economic reasons, 

eventually leading to concerns regarding national security (PMSEIC  2010). Ensuring global 



food security – through availability of affordable and sufficient food for everyone – is, 

therefore, a major challenge and a crucial component of the sustainable development goals 

(SDGs) of the United Nations in the years to come (EIU  2017; Tiwari  2017b; UN  2018).  

Frugal Innovation Cases Across the Value Chain 

Scholars have brought frugal innovations in connection with food security as a means to 

“ameliorate intractable social problems that plague developing societies and lead to inclusive 

growth” (Sarkar  2011: 240). In order to demonstrate how the principles of frugal innovation 

can be applied in the context of food processing, this section provides one example of frugal 

innovation in each phase of the industry’s value chain (de Waal, Tiwari, and McMurray  2018; 

Tiwari and de Waal  2018). 

Phase 1: Production - The Oggun Tractor in Cuba 

Cleber, a tiny Alabama-based LLC, have used the principles of frugal innovation to 

meet the changing needs of agriculture in Cuba (Sagebien and Herrero  2017). Small-hold and 

cooperative farmers farm 70% of Cuba’s arable land. They faced significant challenges 

including lack of fertilizer, seeds and fuel, obsolete technology and inefficiencies in transport 

and distribution.  Their problems were compounded by the low average income of Cuban 

customers, around $25 per month, and a growing tourist sector that expects quality produce. 

Cleber realised that the onslaught of US tourism was going to hit Cuba hard and they needed 

to be able to generate better produce at a low cost.  They set out to develop ‘good enough’ 

solutions to the Cuban produce issue that were affordable and easy to use.  

After listening to the Cubans and the Government about their needs, they found that the patents 

for the Allis Chalmers Model G tractor had expired.  They were able to copy the basic design, 

update some of the technology and use of-the-shelf parts to produce a low cost, quality tractor 

that was suited to small plots of land.  The Oggun tractor is relatively inexpensive, easy to 

operate and maintain. As well as a tractor, the Oggun is an excavator and skidsteer loader, 

which makes it applicable to the growing Cuban construction industry as well as agriculture. 

Cleber is already receiving enquiries from Latin America, Africa and Asia who are interested 

in the low-cost product, which means that there are growth opportunities into different 

segments and markets. This simplified product is an example of ‘doing more with less’. 

 



Phase 2: Handling and Storage - Chotukool fridge 

To date the extant literature does not reveal many examples of frugal innovations aimed at the 

handling and storage of food, even if these almost certainly exist in countries such as India. 

The example of the Chotukool fridge discussed below perhaps fits better under Consumption 

(Phase 5) as it mostly finds application in the consumer-end of the value chain. However, 

increasingly a pattern is observed where small shops and kiosk owners are using the Chotukool 

fridge to increase their earning potential as they are able to serve cold drinks and chocolates, 

and further benefit from extending the shelf-life of products ("Godrej to Take Chotukool Fridge 

to More Markets This Year"   2011) – hence a Phase 2 application.  

The Chotukool fridge aims to reduce food wastage in India ("Chotukool: Keeping Things Cool 

with Frugal Innovation"   2013).  80% of Indian households don’t have access to a refrigerator, 

particularly in rural areas. The 45-litre plastic fridge can cool food by 8-10 degrees and is 

powered by a 12-volt battery.  It was specifically designed as a ‘good enough’ product to meet 

the daily needs of people who cannot afford refrigerators with unnecessary functionality that 

would drive up the price. The focus on core functionality that is affordable has resulted in some 

changes to the traditional refrigerator design. The traditional domestic fridge compressor 

technology has been replaced with a thermoelectric or solid-state cooling system.  It has a top, 

rather than front opening, to reduce the cool air lost when it’s opened (Tiwari and Herstatt  

2012).   

Phase 3: Processing and Packaging - Cheetah tomato dryer 

In Tanzania’s Iringa region, a dry and dusty farming area, Cheetah, a non-profit organisation 

is working with poor Tanzanian farming communities to improve their ability to earn an 

income from farming (Murphy  2013).  Tomatoes are one of the staple crops. However, it is 

estimated that around 40% of the crops are lost. This is partly due to poor storage and a lack of 

places to sell the tomatoes.  A frugal approach to the issue resulted in the development of a 

solar-based food dryer, meaning that crops can be dried quickly and stored more easily at home.  

The dryer is used for tomatoes, onions and eggplants as expected, but surprisingly some people 

have been observed using it to dry fish. Cheetah intended that the dryer be shared amongst a 

few farmers; however, it has been shown that larger groups, around 25 people, are pitching in 

to make the purchase more affordable.  As drying takes a day and a half, the group meets 

monthly to work out a schedule for sharing the dryer. Because the dryer depends on the sun, 

cloudy days can affect the schedule.  The dryer focuses on core functionality, is robust, 



environmentally friendly and monetarily affordable. This frugal approach to improving 

processing is making a huge difference in Tanzanian farming communities. 

Phase 4: Marketing and Distribution - Unilever Europe (Low-cost, single-serve 
marketing) 

Unilever sells its products globally, with over half of its business conducted in developing 

countries ("Unilever Cuts Package Sizes in Euro Crisis"   2012).  However, the economic 

situation in the US and Europe has meant that in some areas people have less disposable income 

or are dealing with unemployment.  Unilever realised the strategies used in developing 

countries, such as small, affordable sizes of their products, were now relevant to parts of Europe 

undergoing economic difficulties. The company was inspired by the sachet-size detergent and 

soap products that have been sold to cost-conscious consumers in countries such as India. With 

this marketing approach they start with a price point in mind that customers can afford, then 

work along the supply chain to see if they can make a profitable business from it. This cost 

innovation approach helps protect Unilever business where there is economic downturn in 

traditionally strong markets. Although in principle very simple, this is a sound example of 

reverse innovations (Govindarajan and Trimble  2012) finding application in developed 

European countries among people with increasingly limited budgets.  

Phase 5: Consumption - MittiCool Fridge 

Another cooling device that extends the life of produce after purchase, is the MittiCool Fridge 

developed by Indian clay potter Mansukh Prajapati in 2002. In contrast to the Chotukool fridge 

that runs on battery power, this refrigerator runs without being powered by any form of 

electricity. Prajapati’s invention is both low-cost and green as it is 100 percent biodegradable 

and produces zero waste during its lifetime. It is made of a specific type of terracotta clay 

characterized by numerous pores on its walls. An overhead water tank of 10 litres circulates 

water through the pores that causes evaporation. The evaporation lowers the temperature of the 

clay, resulting in an inside temperature of about 8 degrees Celsius, which is sufficient for 

keeping fruit and vegetables fresh for a week, and milk for up to three days. 

Conceptual Framework 

It is clear from the above cases in the food processing industry that the principles of frugal 

innovation can be developed and deployed at each phase in the value chain to help alleviate the 

problem of food security. While this is all good and well, the industry should also strive to 

achieve efficiencies across the various phases and other related segments of the secondary 



value-chain by means of frugal solutions. For example, the Indian Council for Agricultural 

Research proposes three measures to minimize post-harvest losses: (a) “compress supply-chain 

by linking producers and markets”; (b) “promote processing of food commodities in production 

catchments to add value before being marketed”; and (c) “develop small-scale processing 

refrigerated chambers or cold storages using conventional and non-conventional sources.” 

(ICAR  2011: 14). 

Furthermore, Neethirajan and Jayas (2011: 40) report possible usage of low-cost nano-sensors 

“in food packaging to monitor the quality of food during various stages of the logistic process 

to guarantee product quality up until consumption”. This can also help to take corrective 

measures, how and when necessary and avoid food losses. Examples from other application 

and country contexts include production of agricultural equipment and tools with 

corresponding capacity-building measures for local community in Sudan (Vinanchiarachi  

2006), and the development of an IT-based market information system for rural farmers in 

Kenya that enables substantially lower transaction costs (Mukhebi  2004).  

An analysis of the conceptual considerations and available examples suggests that the 

development and dissemination of frugal solutions for all parts of the food processing value-

chain is co-related with the possibilities of bricolage, digitalization and capacity building. 

Bricolage, in the context of developing new solutions, is when frugal innovators or 

entrepreneurs "examine and query the raw materials available and entice some order, creating 

unique combinations through the process of working through the resources he/she finds” 

(Barrett  1998, p. 619) and “making do with resources at hand, recombining resources for new 

purposes, refusal to enact limitations, and bias for action” (Davidsson, Baker, and Senyard  

2017). In doing so, bricoleurs take a pragmatic approach to identifying and adapting resources 

(e.g. the Oggun Tractor), and hence fashion novel responses that are unique to specific contexts 

(de Waal and Knott  2013). 



 

FIGURE 7.4. A virtuous cycle of frugal innovations for the food processing value chain. 

While development and dissemination of frugal (technological and non-technological) targets 

affordable excellence, these are in many cases enabled by digital, mobile (tele-) communication 

technologies. On the other hand, digital communication fosters the diffusion of solutions to 

their intended target groups and enhances the effectiveness and the efficiency within the 

supply-chain. Both these factors augment capacity building of relevant stakeholders, which in 

turn can also help the development of frugal solutions as well as their communication. Thus, 

together these factors create a virtuous cycle. For the purpose of visual illustration, Figure 7.4 

combines adapted elements from the “Cycle of Success for African Harvest” model of Hooten, 

Griffy-Brown, and Wambugu (2005) and the food-processing value-chain model of Lipinski 

et al. (2013). 

Conclusions 

Food security is widely considered to be one of the most critical problems facing the world. 

While this chapter painted a gloomy picture in this regard, it has also been demonstrated how 

the advent of frugal innovation has started making some inroads into addressing the problem 

on many levels. However, what we have seen thus far is only the beginning. There are ample 

opportunities throughout and across the entire food processing value chain for achieving 

greater efficiencies and making available more affordable products and services. It is time for 

established players and newcomers to embrace the principles of frugal innovation in search of 

ways to ensure future generations have access to economically sustainable and nutritious food 

supplies. 
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