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Emerging markets have become increasingly interesting for companies from industrialized countries, but the requirements in these markets differ dramatically from those in
the companies’ traditional markets. New products and services are demanded – so-called
frugal innovations. Since the challenges for the development of frugal innovations are
often quite similar – for example, low income of the target customer, poor infrastructure,
etc. – the hypothesis appears that the solutions will also be similar. In our earlier TIM
Review article (Lehner & Gausemeier, 2016), we showed how solution patterns for frugal
innovations can be derived. The article at hand summarizes those findings and supplements an innovation process for frugal innovation using the solution patterns. The validation based on the example of telemedical assistant systems shows the benefit of the
pattern-based development of frugal innovations. The article addresses managers and
engineers who plan to introduce frugal innovations, as well as university-based researchers interested in the development of frugal innovations.

Introduction
In 1980, almost 80% of global gross goods turnover was
generated in industrialized countries. Since then, this
share has been steadily declining; by 2013, almost 40%
of gross goods turnover had already been converted to
developing and emerging countries (McKinsey Global
Institute, 2015). In recent years, markets in developing
and emerging countries have thus increasingly become
the focus of international companies (Högl & Weiss,
2014). However, customers in these markets are much
more price-sensitive and demand products and services that are adapted to their local needs. One of the
most common names for such products and services is
the term frugal innovations (Basu et al., 2013; The Economist, 2010), but see Box 1 for a list of related terms.
Besides the redesigning of products, the adaptation of
the entire value chain and of the business model is
equally important for frugal innovations (The Economist, 2010). We define frugal innovations in accordance
timreview.ca

with Eagar and colleagues (2011), Tiwari and Herstatt
(2014), and Lehner (2016):
Frugal innovations are novel or significantly modified market products and services and business
models adapted to the needs of the poorer populations in developing and emerging countries.
Frugal innovations usually focus on the price (Bound &
Thornton, 2012; Tiwari & Herstatt, 2014; Zeschky et al.,
2011), but also on sustainability and social aspects
(Bhatti, 2012; Bound & Thornton, 2012). An example of
a sustainable frugal innovation is a water filter with a replaceable filter cartridge, developed by the University
of Aalto for Ahlstrom. In Tanzania, it removes the need
to boil drinking water, which usually consumes firewood or charcoal. In doing so, greenhouse gases are reduced and deforestation and adverse health effects are
avoided (Hyvärinen et al., 2016). In practice, there are
many other examples of frugal innovations.

14

Technology Innovation Management Review

April 2018 (Volume 8, Issue 4)

Approach for a Pattern-Based Development of Frugal Innovations
Anne-Christin Lehner, Christian Koldewey, and Jürgen Gausemeier
The target group for these products and services is, in
most cases, the global middle class; they have experienced a significant increase in prosperity over the past
few years. According to the World Bank, the global
middle class includes people who have between $2 and
$13 USD a day at their disposal (Ravallion, 2009). Large
sections of the population are still lacking money for expensive products from the highly developed industrialized countries (Tiwari & Herstatt, 2013; Zeschky et al.,
2011). In addition, the products must also meet requirements different from industrialized countries today
(Gausemeier & Wiendahl, 2011), as they are used in a
completely different environment. With such products,
western companies can maintain their competitive position against upcoming competitors from emerging
markets (e.g., Haier or Huawei) (Radjou et al., 2012).
However, many western companies are not exploiting
the existing potential for frugal innovations. For example, in a survey of more than 60 companies, Roland
Berger Strategy Consultants found out that only 29% of
the companies surveyed are satisfied with frugal innovations’ profits (Roland Berger Strategy Consultants,
2013). Reasons for this low level of satisfaction include
time problems with the planning of product costs and
the design of the value chain; a lack of market knowledge or competitive prices; and shortages of local engineering and problem-solving skills (Roland Berger
Strategy Consultants, 2015). Overall, existing R&D and
innovation processes in western companies are often
optimized for the development of advanced products
and technologies. Most of the time, the resulting
products are still based on a western product architecture and therefore are not suitable as frugal innovations
(Zeschky et al., 2011). However, the innovation process
of frugal innovations is hardly considered in the literature. Often, the focus is on the actual product or service
(Hossain, 2016). This prevents both the conceptual and
managerial understanding and exploitation of the potentials of frugal innovations (Hossain et al., 2017),
therefore leaving a research gap for the development of
a frugal innovation process.

Box 1. Terms related to “frugal innovation”
In addition to the term frugal innovation, the literature contains a large number of other terms dealing with innovations in the context of developing
and emerging countries. These include:
• resource-constrained innovation
(Capasso et al., 2013; Ray & Ray 2010)

• cost innovation
(Williamson, 2010)

• reverse innovation
(Govindarajan & Trimble, 2012)

• frugal re-engineering
(Shivaraman et al., 2012)

• shanzhai
(Kao & Lee, 2010)

• lean innovation
(Tiwari & Herstatt, 2012)

• disruptive innovation
(Bower & Christensen, 1995; Tiwari & Herstatt, 2012)

• jugaad
(Radjou et al., 2012)

• grassroots innovation
(Hilmi, 2012; Seyfang & Smith, 2007)

• inclusive innovation
(Heeks et al. 2013; Nijhof et al., 2002)

• bottom of the pyramid innovation
(Bieger & Reinhold, 2011; Ernst et al., 2013)

• Ghandian innovation
(Prahalad & Mashelkar 2010)

The pattern-based solution of recurring problems in
the course of the development of a technical system
has proven itself in many domains; this applies, for example, to the operating principles of mechanical design
and to the design pattern of software development. According to Alexander and co-authors (1995), a pattern
encompasses “a problem that occurs repeatedly in our
environment, the core of the solution to this problem,
in such a way that this solution can be used millions of
times without ever repeating itself”. Several patterns in
timreview.ca

a domain can be grouped together to form so-called
pattern catalogues. If the dependencies between the
patterns are also considered, the implementation described, and the problem-solving process supported, it
is considered a pattern system (Buschmann et al.,
2000). It is therefore clear that, with the aid of patterns,
solutions can be externalized, structured, and documented; complexity and input are reduced and a uni-
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form communication is created (Amshoff et al., 2014).
In this way, expert knowledge can be transferred to
non-experts (Corfman, 1998), for example, expert knowledge about problems and solutions in frugal markets
can be used by engineers in industrialized countries.
An indication for the benefits of a pattern-based approach for frugal innovation is provided by Tiwari &
Herstatt (2013): the analysis of three case studies shows
that developers are very specifically looking for analogies in the development of frugal innovations, which
are strongly focused on cost reduction and efficiency.
The search is not limited to the early innovation phase,
but extends over the entire innovation process.
Therefore, we believe that the transmission of the solution pattern approach to the development of frugal innovations is very promising to address the problems
mentioned above. To prove this point, the three following hypotheses have to be validated (Lehner et al.,
2015):
1. Product developers face similar problems while developing market services and business models for developing and newly industrializing countries (e.g.,
insufficient infrastructure, adverse climatic conditions, etc.).
2. If the problems are similar, the solutions will also be
similar as well.
3. By abstracting the applied solutions to patterns, they
can be used to develop market services and business
models facing similar problems.
To validate the first and second hypotheses, we derived
a frugal innovation pattern system analyzing 29 frugal
innovations from different countries and industries.
This is shown in the next section; a more detailed description of the pattern system can be found in our
2016 TIM Review article (Lehner & Gausemeier, 2016).
The third hypothesis is validated in the section after
that. We used the design research methodology (Blessing & Charkrabarti, 2009) to derive the innovation process model for pattern-based frugal innovation
presented there. The last section summarizes the findings and gives a conclusion.

Solution Patterns for Frugal Innovation
The frugal innovation pattern system is developed in a
four-step procedure (Lehner, 2016; Lehner & Gausemeier, 2015; Lehner et al., 2015) and is based upon the
timreview.ca

design pattern theory (e.g., Alexander et al., 1995;
Buschmann et al., 2000; Zimmer, 1995). The procedure is
explained below:
1. First of all, a representative overview of existing frugal
innovations has to be compiled, which is documented
in the form of frugal innovation profiles. This is necessary because the inductive approach to finding patterns is the agreed paradigm in the pattern
community. The inductive approach is based upon
the observation and analysis of existing cases (Kohls &
Wedekind, 2011).
2. Given that a solution pattern addresses a recurring
problem (Alexander et al., 1995), the causal problems
are identified that prevented the use of a product and
a business model from an industrialized country and
led to the development of the frugal innovations. The
identified problems can be clustered into six problem
areas: environment, infrastructure, education, culture, regulation, and finance. In addition, it is possible
to identify which aspects of the product and business
model are affected by the problems.
3. The second component of a solution pattern is the
core of the solution to the recurring problem (Alexander et al., 1995). Therefore, it is determined how the researched frugal innovations coped with the identified
problems. These solutions are abstracted to extract the
core idea of the solution in such a way that it is transferable to other problems. Figure 1 shows this procedure using electrocardiography (ECG) devices. The
analysis of the device for industrialized countries revealed, for example, that its use in remote areas in developing and emerging countries is not possible due
to the lack of resistance of the installed print heads to
temperature and humidity. This problem can be assigned to the problem area environment and the impact area solution element. The problem is solved by
the device for developing and emerging countries by
using printers from bus stations in India. Abstraction
results in the Pattern “Use of existing technologies
from other industries”.
4. An analysis of the pattern catalogue can be used to obtain further information, for example, how widespread a pattern is or with which patterns it frequently
occurs together. Such information supports the author and user of the solution pattern: it helps in choosing the right pattern for a specific situation and
closing the gap between patterns as well as understanding the relations between patterns (Buschmann
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Figure 1. Procedure for the determination of patterns using the example of ECG devices (Lehner, 2016)
et al., 2000). The patterns are finally documented as
pattern profiles. A profile includes a description, best
practices, and classification in the pattern system.
Figure 2 shows an overview of the identified solution
patterns for the problem area “infrastructure”.

Process Model for Pattern-Based Frugal
Innovation
We, therefore, propose a four-stage process model for
the development of frugal innovations in accordance
with Figure 3. The starting point of the approach is a
given product and business model concept, which is to
be adapted for a developing or emerging market
(Lehner, 2016). To derive the process model, we used
the design research methodology (DRM) (Blessing &
Charkrabarti, 2009). The research was based on a research project classified as DRM type 5. A type 5 research project consists of four elements: clarification of
the research objective (goals), descriptive study I (understanding), prescriptive study (solution), and de-
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scriptive study II (initial evaluation). The article at hand
focuses on the results of the prescriptive study. The resulting approach is an innovation process model that integrates common elements of innovation such as an
analysis of the environment as well as specific elements
for frugal innovation. Such is the focus on the most
common problem areas of frugal innovation (environment, infrastructure, education, culture, regulation,
and finance) and the application of solution patterns to
tackle specific problems in those problem areas.
The four elements of the proposed process model can
be summarized as follows:
1. Identification of target markets: First of all, the approximately 150 developing and emerging countries
potentially eligible for a frugal innovation will be successively narrowed down. The selection of promising
target markets is based on the dimensions of market
attractiveness and fit to the boundary conditions.
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Figure 2. Overview of the identified solution patterns for the problem area “infrastructure” (Lehner, 2016)

Figure 3. Process model for the pattern-based development of frugal innovations (Lehner, 2016)
timreview.ca
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2. Analysis of the environment: The objective is to identify problems in the transfer of products and business
models to developing or emerging countries. To this
end, the boundary conditions and customer needs,
as well as comparable market services, are analyzed.
The findings result in a frugal innovation development order.
3. Pattern-based ideation: The objective is to find solutions for the identified problems. For this purpose,
patterns are used and creativity workshops are held.
The ideas are put together in a morphological environment, they are evaluated, and then the most promising ones are selected.
4. Concretization of the ideas: Finally, the ideas for market service and business model concepts are concretized,
while
taking
account
of
economic
considerations. The final concept is selected on the
basis of the dimensions of cost-effectiveness, fit to
the boundary conditions, and customer needs. On
the basis of the concept, initial feasibility studies can
then be carried out.
In the following section, the explained procedure is illustrated. The starting point for the system is a product
and a market service for industrialized countries that
are to be offered in fresh markets.

Approach in Detail
Here, we illustrate the explained procedure using the example of a telemedical assistance system for monitoring the health status of patients.
1. Identification of target markets
The identification of suitable target markets is carried
out in several steps. According to the definition of frugal
innovation, all developing and emerging countries are
the starting point – it concerns about 150 countries.
First of all, a restriction can be made on the basis of
macroeconomic criteria. A geographical limitation (e.g.,
only Latin America and the Caribbean) is carried out
and the number of inhabitants is evaluated. The size of
the sales market is of paramount importance due to the
low-profit margin attainable with frugal innovations
(Universe Foundation, 2013). A further refinement of
the relevant target markets makes it possible to examine macroeconomic location factors, for example, with
the help of the Economic Freedom Index (The Heritage
Foundation, 2015). The final selection of the target markets is based on microeconomic criteria. Three assessment dimensions are taken into account: market
timreview.ca

attractiveness, fit to the conditions, and fit to the company.
• Market attractiveness: It results from the consideration of the criteria market potential, competitive intensity, expected benefit, and future relevance.
• Fit to the boundary conditions: In doing so, six problem areas identified in the analysis of more than 30
frugal innovations are taken into account as criteria.
The problem areas are environment, infrastructure,
education, culture, regulation, and finance.
• Fit to the company: The starting position of the company is considered here. The criteria of local presence,
market knowledge, and strategy conformity are used.
The selection of the target market for frugal innovation
is then made on the basis of a bubble chart shown in
Figure 4. In this example, Egypt was selected as the target market.
2. Analysis of the environment
The objective of this phase is the frugal innovation order. This includes a description of possible problems of
the product and the business model for the introduction in the target market. The identification of the problems is based on an analysis of the current and future
boundary conditions as well as customer needs in the
target market. Based upon that, the environmental effects on the western product and the business model
are finally determined.
• Analysis of the boundary conditions: This is carried
out in two steps. First, so-called descriptive factors are
determined. They characterize the differences
between the source and target markets. The six problem areas of frugal innovations form the framework
for the analysis. An example of a descriptive factor
from the problem area of infrastructure is information
and communication technology. Second, the descriptive factors are characterized by means of indicators.
An indicator for the descriptive factor mentioned
above is, for example, fixed broadband access per inhabitant. The characteristics of the indicators are then
determined in the initial and target market. In Germany, for example, 95% of the population has a broadband connection; in Egypt only 3% does. In addition,
the future development of the indicator in the target
market is assessed.
• Identification of customer needs: This is conducted
in three steps. First, substitutes are identified for the
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Figure 4. Bubble chart for selecting suitable target markets (Lehner, 2016)
targeted product in the target market. Second, customers are then observed when using substitutes. Customer activities are recorded in the form of a process
description. Third, the documentation of the results
summarizes customer needs that are addressed with
the individual substitutes and evaluates their fulfillment by the substitutes. The findings are recorded in
profiles.
• Determination and assessment of the effects: Two
steps are carried out. First, based on the boundary conditions and local needs, the effects on the current business model and the product offered are determined. In
order to assess the effects, the boundary conditions
and customer needs of the product are compared with
the business model (Figure 5). Depending on the application, different views must be taken into account.
Figure 5 (right) shows a selection of possible views of
the object of observation. The problems are derived
from the views on the object of observation. For example, the analysis of the product can be carried out
on the basis of its functionality, shape, or solution elements. The identified problems are then assigned to
the problem areas and the areas of impact. Areas of impact characterize which elements of the product (functimreview.ca

tions or elements) and of the business model (e.g., customer segments) are affected by the problem. Second,
the analysis of the environment thus shows the need
for action for a frugal innovation. As shown in Figure
6, the results are summarized in a frugal innovation order. It contains a description and evaluation of the
current product and the current business model as
well as an overview of the identified problems. The
problems are summarized in the problem matrix. The
matrix contains the problem areas in the rows and the
elements of the business model and products in the
columns. The cells indicate whether an element of the
business model or product is affected by problems
from a problem area. The customer needs profile also
assesses how well the current concept meets customer requirements.
3. Pattern-based brainstorming
Ideas are developed to solve the identified problems.
Given that frugal innovations often face recurring problems, such as poor infrastructure, adverse climatic conditions, or lack of education, a pattern-based approach
to find solutions is recommended. For this purpose,
solution patterns are used, which have been identified
by the analysis of existing frugal innovations. Ideas are
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Figure 5. Comparison of boundary conditions and customer needs with the product (including services) and the
business model (Lehner, 2016)
generated cyclically and successively improved with
each pass through as the requirements of the target
market are approached. A cycle always consists of three
steps: the identification of suitable combinations of patterns, the development of ideas, and the evaluation of
ideas. At the end of each cycle, a decision is made
whether the cycle has to be run again, whether the idea
has to be postponed, or whether the idea is passed on
to concretization.
• Identification of suitable combinations of patterns:
These are patterns that address at least one identified
problem area. To solve all existing problems, combinations of patterns are created to cover all problem areas
as far as possible. On the one hand, the compatibility
of the patterns, and on the other hand, the accuracy of
fit, are checked and ensured. The accuracy of fit describes how well the patterns address the problem
areas of the application case. The selection of the further pattern combinations is based on the criteria of
accuracy of fit, problem-solving potential, and cost-reduction potential. An algorithm then determines from
the available combinations of patterns those that are
particularly promising.
timreview.ca

• Development of ideas: The following process is run
for each combination of patterns: First, specific partial ideas are sought for the individual patterns. For
problem areas for which there are no patterns, it is
necessary to find “conventional” ideas for partial
solutions. In both cases, common creativity techniques can be applied. The partial solutions can then
be combined in a modified morphological box to
form ideas, whereby the lines represent the partial
ideas for the individual patterns. For example, the
“partial ideas” for the “contact established by the
Egyptian Diabetes Association” or “joint information
campaigns” can be generated for the “cooperation
with NGOs” pattern.
• Evaluation of the ideas: In order to transfer the ideas
into the phase of concretization, they have to fulfil
three criteria: conformity with the corporate strategy,
fit to the boundary conditions, and fulfilment of customer requirements. If this is not the case, it is to decide whether to postpone the idea or run through the
cycle again.
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Figure 6. Profile of a frugal innovation order (Lehner, 2016)
timreview.ca
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For documentation purposes, a profile is created for
each idea. After each time a cycle is run, it is updated.
The profile contains a concise description of the idea,
information on the patterns used, and the number of
cycles to be run. It also describes how to solve the
identified problems. In addition, the evaluation of the

idea with regard to the fit to the boundary conditions
and the fit to the customers’ needs is presented.
Finally, the recommended course of action is listed.
Figure 7 shows the solution outline for the idea “Mobile Telemedicine Bus”, which will be examined further below.

Figure 7. Solution Idea Profile for the idea “Mobile Telemedicine Bus” (Lehner, 2016)
timreview.ca
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4. Concretization of the frugal innovation ideas
The objective of the last phase is a sustainable product
concept and business model concept. To this end, the
ideas for solutions handed over to this phase are completed at first. On the basis of the profile, a function and
process hierarchy and a business model canvas can be
filled initially. The profile for the Mobile Telemedicine
Bus, for example, states that problems with the energy
and information infrastructure are to be solved by an
emergency power generator and a satellite antenna.
This results in the functional hierarchy of the functions
“Provide energy” and “Receive signals” as well as the
corresponding solution elements “Emergency power
generator” and “Directional antenna”. Different aspects of the business model can also be derived from
the idea. For customer acquisition, for example, the network of the Egypt Diabetes Foundation will be used,
resulting in its classification as a key partner in the business model. As a rule, there are no comprehensive
product and business model concepts available at this
point, so it is necessary to refine the existing concept
further. For this purpose, the usual methods of product
and business model development are used.

Before the final selection of a concept, it is necessary to
check whether the assumptions from the analysis of the
environment have changed as a result of the concept.
In addition, the analyses carried out there will be adapted and expanded. If new challenges arise, the respective solution concept must be adapted accordingly. In
our example, three solution concepts achieved this maturity: the “Telemedicine Bus”, a “Communal Internet
Workstation with Telemedicine Interface”, and a “Function-integrated Telemedicine Smartphone”. The final
selection of a solution concept is based on a bubble
chart with the three dimensions fit to the environment,
fit to the company and economic efficiency (Figure 8).
These are explained below.
• Fit to the environment: It is checked whether the idea
solves the identified problems (fit to the boundary
conditions). In addition, it is determined whether the
customer needs are met (fit to the customer needs).
• Fit to the company: An important criterion is the corporate strategy (fit to the corporate strategy). In addition, it is examined whether the idea can be realized

Figure 8. Bubble chart for selecting a promising frugal innovation concept (Lehner, 2016)
timreview.ca
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with the company’s competences (fit to the competences).

• Marketing and sales: Innovative sales concepts are
necessary to reach the targeted customer groups.

• Economic efficiency: On the basis of the information
available at this time, an initial economic efficiency assessment can be carried out. Its results allow a rough
evaluation of the economic efficiency.

Given that the pattern approach is already used in
many disciplines, its application to the frugal innovation process seemed very promising. By developing the
pattern system, we validated that frugal innovation patterns exist. Furthermore, by introducing and utilizing a
pattern-based frugal innovation process, we showed
that the pattern approach can be used to develop frugal
products and business models. But still, like Hossain
and co-authors (2017), we find that there is a lack of
conceptual and managerial understanding of frugal innovation. Future research should focus on the enhancement of the pattern system to strengthen the
understanding of problems and solutions of frugal innovation. Furthermore, research should focus on frugal
innovation strategies. This should comprise the analysis of cannibalization effects, cooperation planning, and
brand strategy. For this specific approach, a software
tool should be programmed to facilitate the application
of the innovation process.

The further development priority of a concept increases
in the diagonal from bottom left to top right in the
bubble chart. Accordingly, ideas should be selected for
further development that lie as high as possible in the
upper right-hand corner of the chart and are as economical as possible. In the present case, the company
selected the concept of the “Telemedicine Bus”. The
next steps follow the usual procedure for developing
market services.

Conclusion
Markets in developing and emerging countries are becoming increasingly important as the prosperity of the
global middle-class increases. However, they demand
products that are adapted to the local needs of the population. Frugal innovation offers companies from industrialized countries an excellent opportunity to
participate in this development. The method presented
gives them a guideline to plan frugal innovations. It is
particularly suitable for more complex market services
with a high adaptation effort. However, key success
factors in the various stages of the value chain must be
taken into account (Roland Berger Strategy Consultants, 2013):
• Market analysis: A comprehensive understanding of
the customer must be established and, in particular,
the willingness of customers to pay. It is just as important to determine what the customer does not want to
pay for. In addition, an early analysis of competitor
products is of outstanding importance.
• Development: Market-oriented research and development is leading the way in developing market services
that address local customer needs. In addition, it is
evident that interdisciplinary teams offer a significant
advantage here.
• Purchasing and the value chain: Frugal innovations
are particularly successful when local suppliers are integrated into the value chain. Flexibility with regard to
the existing specifications is also advantageous.

timreview.ca

For the practitioners, the article at hand shows an approach to design their own innovation process integrating solution patterns as well as how to generate a frugal
innovation pattern system to acquire and store knowledge about frugal innovations. This seems highly
promising given that the different problems companies
face developing frugal innovations share similarities.
That is why we expect a pattern-based search to generate comparable solutions that are both fruitful and
frugal. To apply the approach in practice, companies
should form an interdisciplinary team of experts from
all departments concerned. Their work should be discussed in regular consultations and joint workshops in
order to avoid bias. After each phase, management
should review the results and decide on the further progress of the project. This ensures that decisions are
made transparently and comprehensibly and without
bias.
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