
 Procedia CIRP   61  ( 2017 )  629 – 634 

Available online at www.sciencedirect.com

2212-8271 © 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the 24th CIRP Conference on Life Cycle Engineering
doi: 10.1016/j.procir.2016.11.244 

ScienceDirect

The 24th CIRP Conference on Life Cycle Engineering 

Developing Sustainable Innovative Products for the Bottom of the Pyramid 
by Biomimetic Design Concepts 

 Jahau Lewis Chena*, Chang-Lin Leea  
a Department of Mechanical Engineering, National Cheng Kung University, Tainan, 70101, Taiwan 

 

* Corresponding author. Tel.: +886-6-2757575-62166; fax: +886-6-2352973. E-mail address: jlchen@mail.ncku.edu.tw 

Abstract 

This paper presents a sustainable innovative design method for developing products suitable in the Bottom of the Pyramid (BoP) by integrating 
biomimetic design concepts, TRIZ techniques, BoP innovative case database and BoP innovative evaluating principles. Designers can find 
suitable cases by selecting of index tags and the calculation of similarity with the existed cases in database to get related biomimetic keywords 
from TRIZ innovative principles. Designers can use biomimetic searching method with the keywords to find suitable innovative biomimetic 
design concepts to match the needs of BoP.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Many people have prosperous life because of technology, 
but there are still 4 billion people living in poverty now. 
Professor Prahalad [1] used the definition "Bottom of the 
Pyramid (BoP)" to describe them. He thinks that innovations 
can lead them to the better life and proposed 4A’s [1], such as 
affordability, awareness, access and availability, as BoP 
innovative principles. Niti [2] presents 5D principles 
(development, design, distribution, demand and dignity) as the 
design principles for BoP product innovation guidelines. 
Kirsten et al. [3] suggest the concept of frugal innovation 
which can help designers to break the limitations of resources, 
finance and institute and to turn them into favorable factors. 
Crul et al. [4] develops D4S (design for sustainability) 
approach for BoP innovation. ASME [5] presented a network 
platform to propose the E4C (engineering for change) concept 
for developing different engineering solutions for BoP 
innovation. Chen and Chung [6] proposed an eco-innovation 
method for BoP products by using TRIZ and case-based 
reasoning methods. 

Biomimicry Institute [7] proposed “The Design Spiral” 
concept to find solutions of design from nature.  Hacco and 

Shu [8] used key word to find corresponding biology features 
to generate biomimetic idea and applied to design for 
remanufacture tasks.  Vincent and his co-authors [9-13] 
collected a biological effects database and integrated with the 
theory of inventive problem solving (Russian acronym: TRIZ) 
method.  Mann [14] tried to develop the biological TRIZ 
contradiction matrix.  Shu and her co-authors [15-22] 
developed a biomimetic design method through natural 
language analysis to bridge engineering and biology 
terminology. Chen and Huang [23] proposed a biomimetic 
design process for eco-product design by adding the 
biomimetic design cases into the TRIZ approach as a 
“Biomimetic Principle” to offer biomimetic solutions for 
designers. Chen and Jian [24] presented an eco-innovation 
process for eco-product design by linking engineering 
terminology with biological terminology and using method of 
searching keyword to find suitable biomimeticc cases for eco-
innovation problems.  A table of inventive principles 
corresponding keywords and related bionic cases is proposed 
to offer the designer a quick searching tool. Chen and Yang 
[25] proposed a method of eco-innovation by integrating 
biological design with TRIZ ideality and evolution rules. Chen 
and Hung [26] presented a low carbon PSS eco-innovation 
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method by using biomimetic concepts and TRIZ method. 
Chen and Chen [27] presented an eco-innovation method by 
integrating ARIZ method with biomimetic design concepts. 

This paper presents a sustainable innovative design method 
for developing products suitable in the Bottom of the Pyramid 
(BoP) by integrating biomimetic design concepts, TRIZ 
techniques, BoP innovative case database and BoP innovative 
evaluating principles. The aim of this method is to assist 
designers developing innovative product concepts for BoP 
through this systematic design process. More than 100 BoP 
cases are collect in BoP innovative case database. Designers 
can find suitable cases by selecting of index tags and the 
calculation of similarity with the existed cases in database to 
get related biomimetic keywords from TRIZ innovative 
principles. Designers can use biomimetic searching method 
with the keywords to find suitable innovative biomimetic 
design concepts to match the needs of BoP. An assessment 
method for innovative BoP products is also developed in this 
study to evaluate the new concepts. Finally, some BoP design 
cases are illustrated to demonstrate the capability of the 
proposed method. 

2. Bottom of the Pyramid (BoP) 

The Bottom of the Pyramid (BoP) is a socio-economic 
group with more than four billion people who live on less than 
say $2.50 per day [1]. There is a need to develop new business 
models and innovative design of products to satisfy their 
needs. Currently, there already have many successful 
innovation cases developed for BoP.  

2.1. Innovation design criteria for BoP 

The innovation design criteria for BoP are summarized as 
five items. (1) availability: affordable by local consumer; (2) 
functionality: whether to complete the design goal function, or 
in the case of lower-cost, before reaching the same 
functionality as the previous generation , and at the same cost, 
can achieve better than the previous generation of product 
functionality; (3) applicability: the user -friendly operating 
environment , operation need to go to technical, different ages 
users to achieve the same easy maneuverability; (4) 
sustainability: Encompassing whether the ease of recovery 
and resource requirements easy maintenance or not, the 
product cost and dependence on energy , and whether the use 
of environmentally friendly materials, the product uses less 
resource and energy; (5) framing: can be used in high or low 
population density of the city , the availability of this product 
to enhance the growth of the economic development of the 
local communities with this design service. 

2.2. BoP case database 

This research will collect different BoP innovations and 
find associated TRIZ innovative principles to build BoP 
innovative database. Designer can use keywords to search 
related innovations and get new product concepts by 
innovations and TRIZ innovative principles. Each BoP case is 
recorded in the database with information about this BoP, 

such as the case number, the name of BoP case, the BoP 
domain, the “subject”, “verb”, “object” which were 
transferred from the concept of TRIZ su-field analysis,  the 
TRIZ contradiction parameters and biological related 
keywords, as illustrated in Table 1. Currently, we collected 
124 BoP cases in the BoP case database. 

 Table 1. Partial list of a BOP case database. 

Case number 1 2 3 

Concept Gravity light Bicycle-
powered corn 
shelter  

Deliver drug by 
existing access 

Domain Energy Agriculture Transportation 

Subject Tool Tool Business model 

Verb Produce Reduce Keep 

Object Electricity Electricity Health 

Contradiction 
parameters 

Brightness Usability Shape 

Loss of Energy Complexity Adaptability 

TRIZ 
inventive 
principles 

#1, #6, #13, #16, 
#12, #25, #28 

#12, #17, #26, 
#32, #1, #5, #6 

#1, #15, #29, #4, 
#5, #7 

Biological 
related 
keywords 

charge (1410), 
gravity (691), 
light (6820), 
transform (547), 
power (2800), 
convert (786)  

shell (1030), 
peel (185),  
skin (5510), 
strip (418), 
rotate (136), 
roll (2790) 

attach (721), 
transport (2670),  
detach (106),  
stick (1220), 
adhere (252), 
carry (2170), 
load (639) 

3. Biomimetics 

Biomimetics, biomimicry, and bionic design [7] are a 
subject to mimic the organic characteristics and to practice 
these in product design. They will offer sustainable design 
solutions to engineering problems.  From ancient to present, 
there have been a lot of successful biomimetic designs made.  
These design concepts from nature are becoming more and 
more important for the designer recently. 

It is difficulty for designers to find suitable biomimetic 
design cases for the eco-innovation problem.  However, key 
vocabulary can help designers searching related cases which 
associated with each vocabulary [18]. Therefore, this paper 
proposed an eco-innovation process for eco-product design by 
linking engineering terminology with biological terminology 
and using method of searching keyword to find suitable 
biomimetic cases for eco-innovation problem.  

3.1. Linking between BoP and TRIZ with biological 
terminology 

It is difficulty for designer to find suitable bionic design 
cases for his eco-innovation problem.  However, key 
vocabulary can help us searching related cases which 
associated with each vocabulary [28]. Therefore, this paper 
proposed an eco-innovation process for eco-product design by 
linking engineering terminology with biological terminology 
and using method of searching keyword to find suitable bionic 
cases for eco-innovation problem.  A table of inventive 
principles corresponding keywords with related BoP cases 
and bionic cases is proposed in this paper to offer the designer 



https://isiarticles.com/article/149465

