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Roadmap Research On Process In Design For Base Gfid Pyramid
(DfBoP)
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Abstract— Base of the Pyramid (BoP) is a 4 billion design
target group, which is composed of people living oan income
less than US$3 per day. Design for BoP is a new easch topic
and design practice started from 2003 in the facujtof Industrial
Design Engineering, Delft University of Technology(IDE/TU).
To explore some unknown research questions about, ita
research project on “Product design for BoP” had ben set up.
This paper is a roadmap research based on case stesl from
IDE/TU, and the aim is to explore the roadmap of deign process
in DfBoP.

Key words— Design for Base of the Pyramid (DfBoP), design
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[. INTRODUCTION

A. Base of the Pyramid (BoP) and Design for Baséef t
Pyramid (DfBoP)

According to the World Bank (2005), there are 4idaill
people living on an income less than US$3 per dayla

billion living less than even US$1 per day. Thistp
the population is often called “Base-of-the-Pyrah{i@loP),
referred by Prahalad and Hart [1]. Most of BoPivgg in
developing countries including Africa, India, Chirand
Brazil, and so on.

Currently, most of the entrepreneurs, profesdidesigners
and design institutes are targeting the end-usesslvanced
markets as this group has a higher purchasing pafer
average more than US$10,000 per year. C.K Pralaidd
Stuart Hart's work[1,2] in this area suggests tthatre is a
fortune to be made for entrepreneurs in BoP invéat while
at the same time great opportunities for the werfabor to
escape from poverty. Prahalad’s book ‘The Fortun¢éha
Bottom of the Pyramid’ [2] proposes a framework fbe
active engagement of the private sector and suggebasis
for a profitable win-win engagement. He argues #tlahat is
stopping business from designing products and esvio

meet the needs of the world’s poor, and then effiiy
manufacturing and distributing them is human ingisnu

innovation. The topic has unleashed an extensivéd a

generally enthusiastic response from academicsndases,
NGOs and governments.

Recently, some Multi National Companies (MNCglsias
HP, Intel, Philips and Microsoft have been awafethe
design opportunities of this market, as well as eatasign
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institutes such as Delft University of TechnologyUj,
lllinois Institute of Technology (IIT), Berkley anStandford
which are partnering with MNCs for BoP design. Tehes
design cases can be found through Prahalad and[Bart
Brown and Hagel [3], Wilson and Wilson [4], Jamigldiels
[5].

The faculty of Industrial Design Engineering,elfd
University of Technology (IDE/TU) starts design gliae for
BoP since 2003, and the design projects includasatitn,
health, food & nutrition, water, energy, housingaterials,
connectivity, designing & tools and entrepreneuyshihese
designs are usually called “Design for Base of Ryeamid
(DfBoP)” and there are more than 50 cases wererieqoed
until June, 2008.

B. Process in DfBoP (product development)

Until now, there are a lot of definitions abg@ubcess such
as Caulkin [6] “continuous and regular action arcassion of
actions, taking place or carried on in a definitenmer, and
leading to the accomplishment of some result; aicoous
operation or series of operations.” Keller et gld&fine the
process as “a combination of inputs, actions anipuis.”
Anjard [8] further defines it as “a series of aittes that takes
an input, adds value to it and produces an outputaf
customer”.

Process is also playing a very important roledésign
activities, which is often engineered by previoasearchers
like P-diagram by Taguchi [9] and NSIPOC-diagranitayng
Kai [10]. These diagrams can be proven effectivgaity in
DfBoP through cases; one example for P-diagramaie S
drinking water project by Hsiao-Chun Lai (Figure 1)
Example: Safe drinking water project. Master stiden
Hsiao-Chun Lai finished a DfBoP project to supplyre
drinking water for rural China, which means waiéef
technology is used in a special container.

The inputs, process, and outputs of this projexgarfollows:
Inputs: Water gravity filter, energy, pump systeia,
Erocess: Safe drinking water system

utputs: Celebrashui, Tentea, etc
Design parameter X: Materialization design, shapssign,
etc
Noise factors Z: Drinking culture and beliefs, aeness,
drinking pattern etc

IMECS 2009



Proceedings of the International MultiConference of Engineers and Computer Scientists 2009 Vol II

IMECS 2009, March 18 - 20, 2009, Hong Kong

X materialization design,

l

Safe drinking
water system
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Z: Drinking culture and beliefs,
awareness, drinking pattern etc.,

Figure 1 P- diagram of safe drinking water system.

Another example can be implemented in NSIPCagy@im.
Example 2: Woodstove project is a DfBoP projecsupply
new energy stove for rural India, which will hetpdecrease
the indoor pollution (Figure 2).

The needs, suppliers, inputs, process, outputsastdmer of
this project are as follows:

shape design, etc.,

Tput Y: Output

—_
Water gravity
filter, energy,

pump system, etc

Celebrashui,
Tentea, etc.,
—

Needs: Different needs in different stages, sucknagking
pollution from wood burning indoor will result inehlth
problems and that's why user may have interestkigkind

of design; sustainable and low cost may improve the

competition of this design, etc

Suppliers:Philips Design have business interests to transfer coporate responsivilty .

their existing woodstove products into a new designich

may be popular in rural India

Inputs: Philips has a previous stove and new logt emergy
technology (LPG)

Process: Supervisors, student designers, local neast

company mentors and standards will be involve éptocess

detail difference between common product designgss and
DfBoP?” (Too many failure cases indicate that dedior
poor and design for rich is a little different.)BEIXU explores
this research through design practices:

Kandachar and Halme [11] found that all casesstarted
with the needs of the users as a starting poinBéd® product
and innovations. Kandachar [12,13] has observedstheeral
innovations are taking place that need to be censitifor an
effective approach to serve the unmet needs of the
BoP-community. These innovations include: on uside
ethnographic tools, cultural probes, business iatioms such
as hybrid business models, corporate responsibility
technological innovations like disruptive innovats open
source designs, etc. Other innovations at the greneurial
side such as microfinance, social entrepreneursdgol to be
considered as well. A schematic of the design m®ead the
several innovations needed are shown in figure 3:

Culture, Ethnography
User Values ...

Social Sciences Business/Entrepreneurs

User
Data

Products
Services
Systems,

Hybrid Business Models W Social Entrepreneurs

(AR \icrofinance ...

‘;

Technologies &
Engineering

Management Sciences

Technical Sciences

Disruptive Innovation
Open Source/Open Design ...

Prabhu Kandachar (2007)

Outputs: A new product, named adoptable woodstove hasFigure 3: Schematic of the design process as peattt IDE/TU and

been designed
Customers: Rural Indian women are the target custom

Supplier Process
[Philips
DAP,
|nsterdam

Input Output

Adoptable
woodstove

Consumer
Philips
stove, niew
energy
technology
LPG)

Woodstove project
Supervisors, student designers,

Rural Indian
wornen
local partners, company
mentors

i f f f f
Needs

Indians are suffering from
indoor pollution due to wood
burning for cocking

The service should be
sustainable, the price should be
accepted

The shape, size, material, color
ete. will be faverite by rural
India

s
Indians have to pay high
expense for buging wood

Figure 2: NSIPOC- diagram of woodstove, which ned@we been
considered as the fundamental of the process

The design process may be considered as a blachn
Taguchi method, where X is a set of design parasete
control factors; Y is the sets of outputs, usuallyset of
characteristics related to product performanceioctfons, or
customer desired characteristics. Z is a set astnfactors.”
Z will also influence Y but can't be sufficientlyontrolled.
The output Y is usually a function of X and Z:

Y = (X, 2 @)

Although current research model can be usegifocess
research in DfBoP, some differences have been fdundgh
observation. The obvious one is the question “Whahe

ISBN: 978-988-17012-7-5

the need for innovations at several fronts to rtteetuinmet needs of
the BoP community.

The research results pointed out that usedsase main
research inputs while design factors such as &jltuser
values are main design parameters X (within P-diayr

As a result, we consider design factors asare$ start and
the research aim is to explore a research roadrhapta
process in DfBoP.

Three main research branches have been edplorthis
paper:

» Design for X: design parameters for DfBoP will be
initially discussed.

» Process construction (DfBoP procedure): processimod
will be hypothesis according to design phases.

» Design evaluation: evaluation model and formuld kél
hypothesis.

II. Methodology

A. Research Approach

To achieve the final research aim, some differesearch
methodologies have been used in different reasquinages
such as literature review, case study, and intesvié@ here is a
logical order for approach in this research (Figtire

IMECS 2009
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In these four factors, totally 14 design prdigsrhave been
located. (They can be considered as design paresmigte

. Taguchi method). The schematic of properties caoinad in
Confirm the research model (P-diaram) . 9 ) prop
figure 5.
h 4 Expenditure
. arket User habit ial
Confirm desien parameters through case study e o soet
Prices/incomes
Aesthetics Awareness
v Business Ergonomics
Explore DIBoP procedure (the detail difference in model Economics Culture
procedure are resulted from design parameters) Fom
Sale Life style
(service) Structure Manufacture Distribution
v methods
Partners
Material
Explore different design optimization and (opention Delivery and
evaluation model of DfBoP al) cost Function Intesmal Propertos planing /- Govemment
Liquidation Law X
v Technology conformance Policy
New research proven phase (outside of this article): Ftemal Propertics
knowledge building through new design cases Material DGE Froperties  Advanced technology

Figure 5: DfBoP properties (design parameters)

Detailfactors are as follow description:
»  Policy: the design should be under the developmiamt

Figure 4: Logic reasoning phases of design proceB$BoP ; -
of government policy. (For example, design can't be

24 design cases in IDE/TU from 2003 to 2007ehbgen illegal or without current healthcare system)
collected, and all of them are organized as magtatuation > Pariners: Partners are necessary in BoP desighisin
projects, which are about 30 academic weeks (6 mspnt research, partners are composed of 1) international
These cases are chosen as quantitative reseatdmssome partners such as Research Institutes, Non Govetnmen
interviews  with designers (students) and reseascher ~Organization (NGO) and Multi National Companies
(professors and design specialists) provide a fouseful (MNC); 2) local partners such as local research
inputs to this research. institutes, local government and local companies.

More descriptions about cases and statistithedound in > ~ Government support: Sometimes government support is
another research paper [14]. looked as design platform in other researches aisch

) Rodrigueza [15], and that hypothesis is acceptethdy
B. Design parameters of DfBoP author in this paper.

The previous research about decision factoBBfBoP by » Awareness: To understand awareness of local BoP is
Jiang and Kandachar [14] showed that there arekiodss of very important for a designer once start to design
decision factors work and affect each other in IRBo product. (Especially for health design, designenseho
» Social factors: Some social factors such asieind know what kind of solutions is most accepted byaloc

life habit will affect DfBoP. Just like common pnact BoP: a disease prevention tool, a diagnosis tool, a
design, social factors play key roles in a desigic@ss treatment tool or multi-functional tool.)
and they decide users “Buy it or not buy it” ditgct »  Culture: Local culture will be considered in intar
» Technical factors: Some technical factors such as product design in all cases, such as the usertsitavin
material also will affect DfBoP in this research.id a color.
popular point of view that “low cost advanced temlogy >  Life style: Similar with other common product
can be used for poverty.” development, life style will be initially considerdn
» Market factors: Some market factors such as udarysa concept design, and then the design will easilypied
or expenditure will be considered in DfBoP. In fabey by the users.
will be decision factors because “DfBoP is also & User habit: Sometimes user habit will be involvaetbi
business” culture or life style, but sometimes it will be sihered

» Organization factors: Organization factors like alone such as “woodstove”
government support, Non Government Organizatior Advanced technology: Advanced technologies like,ICT
(NGO) support are also important in concrete cases. biotechnology or nanotechnology should be involied
Sometimes, they are always identified with différen achieve design functions.
words in different project reports such as “Pdditic » Low cost: Some improvements for low (operationaBtc
factors”, “Policy factors” or “Network factors”. Anost such as cheaper materials will be considered iR B
time, they are accessorial factors but they beoatmedf design.
indeed in certain cases.
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» Material: Material is a complete technology facidi | Embodiment | Light and small, fast Low pollution, low
be considered in DfBoP, a local known material magnd detail| boiling, anti-wind| cost, simple
mean low cost and prefer acceptances. design and anti-rain... operation...

»  Prices/incomes: The rate of design price/incoraevisry | Manufacture | No special No special
important market factor will be considered by dasis, | User test No special User training
especially in developing countries. Product Material, color,| Material, color, type

»  Expenditure: The same reason with prices/incomes. | improvement

» Business model: To create a win-win situation in| @roduct for
cooperative design, business model will be focuseghle
before setting up long time sustainable businegiggts.

» Sale (service): The sale service with the desigalde
important in a DfBoP, including sustainable maintgi
and repair.

The statistic results showed that the rate of éactor is as :
society (0.419), market (0.242), technology (0.22hd ' =

organization (0.108), while average error rate tafigtic is i

6.4%.

C. DfBoP procedure

should be particular in some aspects. In fact, utjno

Through comparison we found that most of déferes
) ) happened in the start phase, especially for usedsdJser
Because of the difference of design parameiet&een needs are always found in DfBoP at the beginningevih

Difference 2 could be described by figure 6ichtis based

observation, we found that most components of DfBOBn estimate and rough statistics. (We divided aigh

procedure can be preserved from an existing metbgygo
such as Pahl [16] or Roozenburg [17], while smiadirges are

needed.

There are two obvious differences between PfEmd
common design.

1. Needs play a unique role in the whole design
progress, while user needs are considered as the
design start. The woodstove example of proved that
“Indoor air pollution” is the design motivation and
then market needs from Philips DAP are cre:
according to the motivation.

activities into three phases: feasibility, pilotdaprototype,
and 12 steps according to Roozenburg methodology. W

analysis all design activities in a time axis amd g rough
result about activity order, but this part reseangn’t be
discussed in this paper)

Common
Product

Compared with common product developm¢ development

DfBoP procedure looks more repairable, which
means the DfBoP procedure is a helix other than a
straight line.
To demonstrate 1, we chose two design casdbdmar
design aim: “cooking” and use cross case comp
methodology. The procedure (core elements) is bax
Roozenburg model, which is commonly used for sttglan
IDE/TU. (Table 1)

Table 1: Comparison of “Cooking stove” example hetw DfBoP and
common product development

Wave crest:
“3"in1or —
multi choice

for 1

Common  cooking Woodstove

stove Trough:
User needs X Decrease indoor aif  choice

pollution result and

Market need | All user-end Base of the Pyrami  decision
Design task Fast temperaturémproved  product

raising, new energy|, which help to solve

light and more| air pollution and at

portable low cost
Concept A lot of concepts Three main differen
design such as open firg, concept: fuel,

Mud/Sawdust, semi-gasfied and

VITA.... LPG and DfBoP
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Need:

Design task

Concept

Embody

Detail design

Product
improvement

Sale

DfBoP

Crest and

trough existin
« DfBoP model

Helix is a
special
feature for
NfRNP

| Figure 6: Design procedure estimate model of comproduct development
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Helix wavelet of DfBoP is a doubtful phenomenahich
appeared in a lot of DfBoP cases in the past. Heweecent
cases showed that this phenomenon is random aitahowt
we don't know how to locate all design parametershie
Helix model, which means it's still in initial stepf
hypothesis.

D. Evaluation and optimization model of DfBoP

The last obviously difference between commoadpct
development and DfBoP happened at process evaiuatio
optimization model. Due to does Helix phenomenatexie
evaluation of the process changed. Figure 7 provide
evaluation example of DfBoP project “woodstove” twit
Philips.

Tudnstrial
Compay
Do theyr anit v e huare Cary ve Cary ve sell
o prodact ——® oment ® manfchr [—® it
ciTatege? sohrione? 3
3 3 |

Drecigner &

Researcher [ l
Hae Teal Does hsigt Are comceptaal L the Whers is
nieeds heay —® ofneeds find? — cobmionsgood?  —# product —» the
located? i T b itwess

ry well? model?
! =
Ter | Ebuian Evsbutian
Do v Likie 7
e theyrahat * Wl e 17 Wl v iy it
e like tobe
Heads sobved?
T [BomdBeham |

Figure 7: “Woodstove project” of Evaluation modéDiBoP process

Two features appeared in this example:

1. There are a lot of Sub-circles in this case, amg th
are not a straight line. This result suits for fiedix
model of DfBoP procedure.

2. It's a cooperation model, which emphasis th

interaction of industrial
Actually, DfBoP users have been involved int
design process from needs phase until sale phase.
a very interesting phenomenon that most of DfBo
designers have lived in BoP community during the
design activities in all DfBoP cases. (The longe
time is half an hour, which means all design atiéigi
happened among BoP population)

Evaluation model is individual in each desigise;, but all
cases suit above two features.

To achieve the design optimization, we set umaael
through mathematics derivation:

Because four main factors (society, markethrietogy,
organization) exist, the optimizations are basedhese four
factors as (2)

Y=D[M,S, T, O] 2)

Where Y means result of optimization, sometifhezeans
a guide of product/service; M means Market, S m&agety,
T means Technology and O means Organization; D sriisan
optimization formula. Combined with formula (1), wet the
formula (3)

F(X,Z2)=D[M, S, T, O] 3

ISBN: 978-988-17012-7-5

and users (Academic
designers has been separated as one part inskis ca
(0

S
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The statistic result from cases showed thahdda (4) is
effective in DfBoP

["YL0=[" 3L
=0 =0

Where i, j, m refer random parameters, L réferfitting
carve of all design factors, xefers a design factor of all
design.

This formula can be translated as another ftarinuthis
research:

[LO+Lm+LO) L@ =7+ [ L+Lm)+L{H)+L(0) (5)
Wherer refers the standard error.

When we compared (3) and (5), we found thatequal to
F (2) in this paper.

One fixing model has been set up based oagbjgure 8.

(4)

Matket optimization

Product
fervice

Organizatin optimization
uoneznugdo mrog

Technical optimization

Figure 8: The initial optimization model is dividédto three phases and
social, market, technical and organization factows aspects

e
[ll.  RESULT, CONCLUSION ANDDISCUSSION

This article is a roadmap research about DfBoByding

on design process. There are mainly three quesdiomst the
Ibrocess have been discussed “Design for X, DfBolgzture,
.evaluation and optimization model”. As the resudtn

ir .

improved Roozenbug model can indicate all
conclusions as Figure 9.
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Figure 9: The improved Roozenburg model for BoRgiteprocess
However, more detail researches in this filace

undergoing in IDE/TU and more research results ‘el

achieved through a lot different research projects.
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