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Abstract 

 

Innovations refer to the actions required to create new ideas, processes or products. The implementation of new ideas, 

processes or products leads to positive effective change in a company. The positive effective change in a company is 

accomplished through savings. Thus, company makes savings in different types of resources via innovations, contribute 

to social goal or influence the development of technological solutions. In industry, savings via innovations are mostly 

reflected in redesigning products and processes to cut out unnecessary costs. That type of innovations are called frugal 

innovations. Frugal innovations represent innovations of existing solutions with accent of achieving resource savings. 

Nowadays, frugal innovations, which are used in industry, play a vital role in era of fourth industrial revolution, named 

Industry 4.0. From the innovations point of view, the core of Industry 4.0 is the development of advanced technologies 

with the goal of achieving savings in processes, products or services The value of frugal innovation analysis in Industry 

4.0 represents the contribution of technology transfer in developing countries with the goal of strengthening the 

competitiveness of companies and the development of new ways of innovations through the impact on society as a form 

of savings that the company could achieve. Therefore, this paper deals with the analysis of frugal innovations in Industry 

4.0 with the goal of the identification of key indicators that have a high influence on their development.  

 
Keywords: Frugal innovation; Industry 4.0; Indicators; Cyber Physical Systems (CPS); Industrial Internet of Things 

(IIoT);  

 

 

1. Introduction 

 

Any positive change in the management, process, production or service in the company is an innovation. Innovation 

does not have to be a revolutionary invention, it could be a minor change that contributes to the ease of work or makes 
the process, product or service different from the existing one [1]. However, if the focus is put on savings in resources 

through innovations which has benefits to society, then we talk about frugal innovations. Frugal innovations represent a 

process, product or service that arises as savings in finance, human resources, technology or another type of savings where 

the end result is cheaper solutions than the competitions‘ which meets customer need [2]. Thus, frugal innovations can be 

described as innovations that achieve significant savings with minimal investment [3].  
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In the present, the development of frugal innovation is influenced by means of savings in new products, processes, 

service and business models due to impact of Industry 4.0 era. The fundaments of Industry 4.0 is based on innovations 

that directly affect the improvement of the company's business. Innovations in Industry 4.0 are related to technological 

and managerial innovations in the company. The Industry 4.0 concept is driven by Industry 4.0 technology categories, 

namely: cyber physical systems (CPS), Internet of Things (IoT), big data analytics (BDA), cloud computing, fog and edge 

computing, augmented and virtual reality (AR/VR), robotics, cyber security, semantic web technologies, and additive 

manufacturing (AM) [4], in order to improve products, processes, service and business models [5]. The technology 

categories have emerged as a result of technological innovation. Technological innovations via technology categories in 

Industry 4.0 have paved the way for prediction, control, maintainance and integration of production processes [6], [7]. 

However, the recent literature [8], [9], [10] recognized that the frugal innovations in Industry 4.0 are driven by several 

indicators, namely: the development of the economic environment, enterprise size, sustainability of furgal innovation, the 

degree of digital transformation in the environment in which the company operates, and so on [8], [9],[11].  

Since the relevant literature lack of the observations of frugal innovations from the key indicators point of view in the 

Industry 4.0, this paper tries to fullfil this gap. That is done by indentifieing and analysing the indicators that influence 

the development of frugal innovation in Industry 4.0. The development of frugal innovation is based on the needs of the 

industry for continuous savings, but also on customer requirements for good and affordable products. To answer the 
question whether the frugal innovations have an impact on Industry 4.0, the paper analyzes the connection between 

Industry 4.0 and frugal innovation through key indicators. The research questions that this paper is answering are: How 

frugal innovation contribute to the better development of Industry 4.0 and which indicators influence the development of 

frugal innovations in Industry 4.0? 

The rest of the article is organized as follows. Section 2 provides a theoretical background of innovations in Industry 

4.0 and frugal innovations. Section 3 presents the identification of key indicatiors of frugal innovation in Industry 4.0. 

Section 4 discusses importance of key indicators of frugal innovation in Industry 4.0. Finally, Section 5 provides 

conclusion and future work. 

 

2. Background 

 

2.1. Frugal innovations 

 

The history of frugal innovation is linked to Schumacher. He aimed to reduce class differences, not maximize profits. 

Therefore, its understanding and connection with new technologies have led to a reduction in class differences through 

the application of frugal innovations. According to Schumacher, the beginning of frugal innovations was associated with 

the transfer of technology from advanced countries to developing countries, and these innovations, in addition to savings, 
also contribute to the social goal [10]. However, the transfer of technology based on frugal innovations gained importance 

in the first decade of the 21st century [12]. 

Even though, the beginnings of research in the field of frugal innovation was related to developing countries, the recent 

researches of frugal innovation are recognized as a global potential for development in advanced countries as well. Since 

2014, the European Union (EU) has acknowledged the potential of frugal innovations  development described in their 

official document [13]. The EU recognizes the first generation of frugal innovation as an approach to global challenges 

for certain areas of the economy based on savings and contributing to society goals that rely on advanced technologies 

[8]. According to the EU [13] some of the features of frugal innovation are reduction of a unit cost, addition of a value of 

innovation and achievement of the acceptable performance of innovation. An important aspect of frugal innovation is to 

adjust the achieved savings of innovation and give value to society [14]. Frugal innovation does not necessarily represent 

the core activity of the company, but can relate to one area or department in the company. If we look at company 

management, frugal innovation can enhance a company’s performance by managing a company based on savings [15] 

and cutting out business costs [16]. 

Within the second generation of definitions of frugal innovation, different authors suggest a different perspective and 

provide a process-oriented definition. In recent times, frugal innovations are seen as significant savings with minimal 

investments [17]. Finally, the third generation represents a breaking point for frugal innovation and identified three 

elements that characterize frugal innovation, both in emerging and developed markets: substantial cost reduction, 
concentration on core functionalities and optimized performance level [18]. Another important research identified three 

fundamental dimensions of constraint-based innovation: cost-effectiveness, ease-of-use, and prescriptive variables [19]. 

Frugal innovations can affect economic development by using and adapting developed IT technologies owned by 

advanced countries in underdeveloped countries. Based on the above, totally new innovative solutions can be developed 

in advanced countries, which can cause significant changes and lead to disruption of technology [20]. Thus, frugal 

innovations represent the potential for the development of innovative responsible business of companies. Responsible 

business of the company means the contribution that the company gives through solving a certain society problem. In 

addition, frugal innovations should offer innovative solutions based on savings in finance, human resources, or 

technology, which result in cheaper than the current solutions [2]. If we connect the frugal innovations with production 

then frugal innovations apply as a change in the way of thinking through the entire production process, i.e. product 

development. The impact of frugal innovation can be extended, so development of frugal innovation in production 

represents a change in the mindset of the entire business model [21].  
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The development of frugal innovations can be influenced by various factors in order to be successful. Successfulness 

of implemented innovation depends of its type. Types of innovation can be distinguished by the use of three indicators, 

namely sophistication, sustainability and market orientation [22]. Frugal innovation can contain several different types of 

innovations and most often frugal innovations can include economic innovations, social innovations and technological 

innovations or their combination [23]. However, the most important characteristic of all types of frugal innovations are 

savings. Thus, the definition of frugal innovations that is used in this paper focuses on saving, and reads: frugal 

innovations are innovations that reduce the total cost of the product by eliminating an addition value of the product and 

opens different perspectives to industries regarding markets. 

 

2.2. Innovations in Industry 4.0 

 

Industry 4.0 represents the concept of the fourth industrial revolution that is relevant to the manufacturing sector. 

Before Industry 4.0, the first three industrial revolutions took place. The first industrial revolution happened at the end of 

the 17th century, and was initiated by the appearance of steam engines, water power and mechanization. After that, the 

second industrial revolution was forced by assembly lines and the introduction of mass production by Henry Ford. The 

third industrial revolution was driven by the use of computers and automation in production processes. Finally, the fourth 
industrial revolution, known as Industry 4.0, is a concept coined and introduced by the German federal government as an 

innovative high-tech strategy in late 2011 [22] . 

The term ‘revolution’ in the Industry 4.0 concept suggests the existence of a differentiating patterns of product 

innovation, process innovation and business model innovation. This concept bases on an innovative approach and is 

driven by the development of digital technology. Digital technology in Industry 4.0 concept brings together the physical 

parts of a particular production process and the cyber parts through smart networking [24]. Physical parts of the production 

process consist of machinery, various devices and sensors, while smart networked cyber parts consist mainly of advanced 

software [24]. Therefore, the current technological benefits in companies are directly connected with Industry 4.0 concept 

[22]. 

The development of Industry 4.0 is conditioned by the difficulties of implementation of Industry 4.0 in practice. The 

challenges of practical implementation of Industry 4.0 represent the potential for the development of innovations in 

Industry 4.0 that can be divided into managerial and technological challenges [6]. With the development of Industry 4.0, 

a new form of innovation have developed. Before Industry 4.0, innovations in manufacturing sectors were focused on 

savings in automation and digitization of production processes. Also, innovations in organization have been developed, 

but Industry 4.0 has contributed to greater opportunities and a wider range of innovations in management. The possibility 

of developing innovations in Industry 4.0 depends on technological innovation capability, which includes not only 

engineerings’ capability of utilizing new information technology and operation technology, but also innovation 
management capability of managing the process of linking market with technological development and strategy [5]. 

In order to identify all stakeholders in the analysis of frugal innovation and Industry 4.0, it is necessary to identify the 

framework for action and significant sources of frugal innovation in Industry 4.0. We can identify stakeholders who are 

interested in frugal innovation and we can divide them into institutions that develop the eco-system of frugal innovations, 

innovators involved in the process of development of frugal innovations and end users of frugal innovations. Stakeholders 

in the field of frugal innovation in the Industry 4.0 era could be grouped into: 

• Institutions and relations among ecosystem actors – here we identify the role played by institutions, considering both 

the policy-making level, and the role of education and research institutions in the social context;  

• Innovators involved in the frugal innovation process – where we distinguished two levels of innovators: 

• Firm-level innovators – innovation involving different types of organizations, such as small, micro, and 

medium-sized enterprises, as well as multinational enterprises;  

• Grassroots-level innovators – innovation involving individuals, informal enterprises, and local communities.  

• Consumers – they play a key role as the final beneficiaries of frugal innovations [8]. 

Industry 4.0 is based on the digitization of industrial value creation, especially connecting vertical and 

horizontaapproaches in industry that are reflected through the networking of humans, machines, and products [25]. 

Vertical connectivity refers to the development and management of a company's activities, such as: organizational 

structure, human factor, departmental relations, technological and management level. Horizontal connectivity includes 
external relations, establishes the integration of supplier and customer networks, information and management 

systems[25]. Vertical and horizontal integration will allow industry to identifying gaps and find solution to implement 

Industry 4.0 concept [26]. 

The consequences of the Covid 19 pandemic during 2020 influenced the global usage of digital technology. Although, 

the usage of digital technology increased, the pandemic disabled the daily activities in production companies. This has 

had the effect of reducing the company's profits and thus the improvements of the company has been lagging behind. This 

lag slowed down the global development of the company and significantly affected the development of digital technology 

along with Industry 4.0 concept. Therefore, it is important to learn a lesson from this situation, and to improve the 

production system in the direction of digital technology development, where the influence of the human factor would be 

reduced, and the level of system automation would develop in the direction of “self-awareness”, “self-predicting”, “self-

maintaining” and “self-learning” production [23]. 
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3. Key indicators of frugal innovation in Industry 4.0 

 

By their definition, the frugal innovations create savings and contribute to socio-economic development, while 

Industry 4.0 contributes to technological development. The analysis of literature shows that there is a connection between 

frugal innovations and Industry 4.0 [27], [28]. Their connection is reflected in the creation of savings. Savings are defined 

through key indicators for the development of frugal innovation in Industry 4.0. However, identifying indicators in the 

development of frugal innovation in Industry 4.0 is a challenge. The indicators of frugal innovation in Industry 4.0 

represent a combination of advanced technologies and social/economics development. By searching the existing literature 

of the development of frugal innovations in Industry 4.0, we identified 7 indicators (Fig. 1), namely: 

• artificial intelligence (AI), 

• cyber physical system (CPS) 

• industrial Internet of Things (IIoT), 

• big data analytics (BDA), 

• country development level,  

• return of the investment (RoI), and 

• a company size.  

 
Fig. 1. Key indicatiors of frugal innovation in Industry 4.0 with their impact on develompemt 

 

Artificial intelligence – AI can be described as giving tasks to computers to solve them that would normally require 

human intelligence [29]. The member states of the EU are working together on AI to improve their competitive 

advantages, but AI can be used to advance underdeveloped countries as well. Artificial technologies can be applied as a 

tool for frugal innovation to solve the problems and challenges that companies are facing with [30]. Rapid development 

of AI within Industry 4.0 will affect the multiple innovations and creativity which results in health, robotics, computing 

technology and even automation of various sectors [31]. It can be concluded that AI is an indicator of the development of 

frugal innovation in Industry 4.0. The sensitivity of the development of frugal innovations within AI can lead to the 

development of disruptive technologies, i.e. disruptive innovation. 

Cyber physical systems – CPS consist of both computational and physical components working together with the goal 
of implementation of a process monitoring and managing in real time. Thus, CPS is a very important indicator in the 

development of frugal innovation in Industry 4.0. If we analyze the potential for the development of frugal innovation 

through the development of CPS at the time of Covid 19, we can see that Industry 4.0 as a goal wants to achieve savings, 

which is also the goal of frugal innovation. The importance of the transformation of Industry 4.0 in influential innovations 

is related to the globalization of technologies and innovations, as well as to the interruptions that occur due to 

technological progress. In the rapid development of Industry 4.0, individualized demand and a small series of production 

are based on CPS and technology that lead to frugal innovations [32]. Technology and innovation management needs to 

find new ways related to business models based on savings, quasi-public goods, responsible earnings, digital ecosystems, 

platform solutions and relevance to competition [33]. 

Industrial Internet of Things – IIoT is an innovative technology consisting of applications that realize functions and 

services in a wide range of domains [34]. IIoT connects the physical world with the digital world [35]. IIoT is a collection 

of smart devices and objects that detect, collect, process and communicate in real time in industrial settings [36]. It leads 

to resource savings that have a connection with frugal innovation through digitalization and automation of industrial 
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production, organization or process. Rapid development of IIoT, due to the specific requirements of the market and 

customers, is driven by savings that lead to the development of frugal innovation. However, in the development process 

there can be major changes, namely development of disruptive innovations. 

Big data analytics (BDA) – big data can be defined as advanced software or mathematical model that has the function 

to analyze, process and extract information from complex and huge data sets. BDA is associated with three aspects of 

technical innovation and extremely large data sets: automated parallel computing, data management schemes, and data 

mining. [37]. The development of BDA has an impact on value creation and savings. The use of big data enables the 

company to develop efficient and effective innovations [38]. BDA can help company to collect and process market 

information to better understand consumers’ preferences, which can play a critical role in innovation performance. Based 

on the link between innovation and the savings they make, BDA is an indicator for the development of frugal innovation 

in Industry 4.0. The ability to develop innovations in the company is one of the possibilities in the use of new sources, 

such as BDA that contribute to the improved performances of the company [39]. 

Country development level – indicator for the development of frugal innovation in Industry 4.0 is the level of the 

country development [40]. The development of frugal innovation depends whether the company is located in developed 

country or an underdeveloped country. The country's development directly affects the development of Industry 4.0 due 

to the rather limited development of advanced technologies and smart processes in underdeveloped countries. When a 
company's production and services move from developed country to underdeveloped country, it poses a threat to the 

competitiveness of cheap production in underdeveloped country based on cheap labor [5]. Certain research claims that 

the production revolution will affect the fact that less and less production in the future will be in underdeveloped countries 

[41]. The development of frugal innovations is influenced by various elements related to the level of country development 

in which frugal innovations are developed, such as socio-economic characteristics, institutional capacities and elements 

of the environment. The dependence of frugal innovations in advanced industry is directly related to the level of the 

country development. The specificity and development of a country that develops frugal innovation have a great influence 

on frugal innovations.[8]. The need for frugal innovation has been recognized in underdeveloped countries and in 

developed economies throw the innovation programs which have a focus on saving resource, availability, and 

sustainability [42].  

Return of the investment – RoI represents an important indicator in Industry 4.0 which support sustainability of frugal 

innovation. High RoI is almost as likely to result from investments in innovation. The development of innovation in 

companies is often based on technological development. Evaluation of profitability of investments in technological 

development is realized through RoI analyzes [43]. Industry 4.0 is based on the technological development and 

sustainability of investments in development and innovation. According to [44] investments in technological development 

that contribute to innovation in 51% of cases have a great importance to companies. The investments in technological 

development that contribute to better productivity of the company are of great importance for the sustainability. 
Investments in technological development that contribute to innovation and productivity affect the development of frugal 

innovations in Industry 4.0. 

Company size – One of the important indicator of the development of frugal innovation in advanced industries 

represents the company size that develops frugal innovations. Companies can be divided into micro, small, medium, 

multinational based on size.There are several factors that determine the company size and one of them is the number of 

employees in the company. Micro companies have up to 10 employees, small companies up to 50 employees, medium 

companies between 50 - 250 employees while large or multinational companies have over 250 employees. It is not the 

same if frugal innovation should be developed in a small company or it wants to be developed by a multinational company 

that has a special department for innovation development. Multinational companies often implement frugal innovations 

in developing countries. Based on the research we could identify three types of organizations that influence on frugal 

innovation: local/micro companies, small and medium enterprises, and multinational enterprises [9]. 

 

4. Discussion 

 

Frugal innovations are much more discussed from the non-governmental organizations (NGOs) and government 

agencies perspectives rather than industry. The NGOs emphasize the importance of frugal innovations from the aspect of 

social savings. The social savings goals have been recognized by national institutions as the potential for practical 
improvements in society through frugal innovation. During 2020, the Austrian Development Agency piloted a program 

to support the development of frugal innovation and cooperation with underdeveloped countries (Program: Innovation 

for a Better World - Advanced Solutions for Sustainable Development). An important element of the Program for the 

development of frugal innovations is the obligation to include companies that must be the bearers of development.  

However, the Creativity Era of business motivates drivers such as hyper-competition, technology disruption and new 

customer power. Therefore, companies are increasingly looking to achieve growth from new non-core areas, requiring 

more focus on innovation - especially breakthrough innovation - in order to survive and prosper [45]. Today, the industry 

bases its improvements on innovations that affect the development of all sectors. Such innovations include technological 

and non-technological innovations. The industies improvements based on concept of Industry 4.0 focuses on the 

development of technological innovation but the need for savings affects the development of non-technological 

innovation in some sectors, e.g. management in the company. 
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The existing literature does not provide enough information on the impact of frugal innovations in Industry 4.0. On 

the one hand, analysis of the existing literature and examples from the practice of frugal innovations disscusses that frugal 

innovations should enable more inclusive development processes and contribute to responsible business [46], [47]. On 

the other hand, the main goal of the implementation of the Industry 4.0 concept is improvement of the company. However, 

improvements are achieved and realized through savings via innovations, where frugal innovations play a significant role 

in Industry 4.0. Therefore, viewed from this aspect frugal innovations represent a need for Industry 4.0 development. 

   The significance of indicators regarding frugal innovations is their prediction abilities of future success of a company. 

Frugal innovations in Industry 4.0 are defined by indicators that contribute to technological, economic and social 

development that is presented in table 1. This paper recognizes the key indicators of technological development of frugal 

innovations in Industry 4.0 are: AI, CPS, IIoT, BDA while the social development indicator is country development level 

and economic development indicators are: RoI and a company size (Fig. 1). Defined key indicators of frugal innovation 

create value and lead to new trends in the development of Industry 4.0. The value of frugal innovations in Industry 4.0 is 

defined through the savings that innovation creates and new development trends arise from the synergy of technological, 

economic and social development that in some cases lead to disruption. 

 

Table 1. The impact of the key indicators of frugal innovation in Industry 4.0 

 

5. Conclusion 

 

The frugal innovations have the word innovation in their name, but they behave differently from traditional 

innovations. While traditional innovations represent improvements to existing solutions without additional impact, the 

frugal innovations must contribute to savings and represent an improvement over the existing solution. That can be 

achieved by thorough analysis of an existing solution with addition of an element of the positive cost-effective 

performances. Nowadays, positive cost-efective preformances are accomplished via advanced technologies of Industry 

4.0 concept. 

Companies' development of frugal innovations in business models based on Industry 4.0 concept, changes the way of 

thinking in addition to the innovation advantage. Frugal innovation contributes to the development and advancement of 
technology as it is often subject to transfer from developed countries to underdeveloped countries. The real profit of a 

company largely depends on the innovation in that company. In many ways, frugal innovations give the company the 

opportunity to make a profit in a responsible way based on resource and cost savings. 

This paper is considering the impact of Industry 4.0 concept and frugal innovation as well as the importance of 

indicators that influence the development of frugal innovation in Industry 4.0. In this paper we argue that the Industry 4.0 

concept needs frugal innovations in order for progress of savings development, improvement of existing processes and 

future industry development. The concept of Industry 4.0 in combination with frugal innovations simplifies operations, 

reducing operating costs, and making products and services available. That is achieved by identifying the key indicators 

of frugal innovation that enable Industry 4.0 concept. Thus, this paper identifies the key indicators of frugal innovation 

in Industry 4.0, namely: artificial intelligence (AI), cyber physical system (CPS), industrial Internet of Things (IIoT), big 

data analytics (BDA), level of the country's development, return of the investment, and company size. The indentified 

indicators are grouped into three groups depending of the acpect of their contribution of development, namely: 

technological, economic and social development.  The indentified technological development inicators are AI, CPS, IIoT, 

BDA. The economic development indicators are RoI and a company size. And last, but not the least is social development 

indicator refering to country development level. Based on the identified key indicators and the aspetc of their contribution, 

we argue that frugal innovation could give a competitive advantage to the less developed companies over developed 

companies through savings. 

In order to develop frugal innovations in Industry 4.0, it is necessary to define an eco-system. An eco-system can be 
defined as a set of elements that have an impact on frugal innovation in Industry 4.0. Existing literature claims that frugal 

innovation ecosystems are including local firms, its suppliers, a network of customers and vendors, government agencies, 

business support services, logistics and delivery providers, alliance partners, and often even rival firms. Eventhough the 

Key Indicators Frugal innovation in Industry 4.0 

Technological 

AI 
The impact of AI on frugal innovation in Industry 4.0 leads to disruptive 

innovation. 

CPS 
The impact of CPS on frugal innovation in Industry 4.0 leads to development 

of new technology. 

IIoT The impact IIoT driven by savings lead to disruptive innovation. 

BDA BDA driven by savings leads to efficiency and effectiveness of the company. 

Social Country Development 
The impact of Country development on frugal innovation in Industry 4.0 

leads to new innovations programs. 

Economic 
RoI 

The impact of RoI on frugal innovation in Industry 4.0 leads to greater 

investment in frugal innovation. 

Company size 
The impact of company size in Industry 4.0 leads to different speeds of frugal 

innovation development. 
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frugal innovation eco-system is out of scope of this research, it represents a very important aspect of frugal innovation 

development. Therefore, in future work, an eco-system for the development of frugal innovations in Industry 4.0 will be 

developed. 

Frugal innovations in Industry 4.0 represent development potential and a multidimensional phenomenon that affects 

products, processes, service and business models. The phenomenon of frugal innovation in Industry 4.0 characterizes the 

development of savings in an innovative way. Savings-based innovations represent a great potential for Industry 4.0, but 

an ecosystem is needed for their development. The ecosystem for the development of furgal innovations in Industry 4.0 

in future works will be confirmed from a real-life case study. 
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