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Preface

Design is ubiquitous; it pervades all spheres of life, and has been around ever since
life has been engaged in purposefully changing the world around it. While some
designs have transcended time, designs are always in the process of being evolved.
Research into design and the emergence of a research community in this area have
been relatively new, its development influenced by the multiple facets of design
(human, artefact, process, organisation, ecology, micro- and macro-economy by
which design is shaped and which it shapes in turn) and the associated diversifi-
cation of the community into those focusing on various aspects of these facets, in
various applications. Design is complex, balancing the needs of multiple stake-
holders, and requiring a multitude of areas of knowledge to be utilised, with
resources spread across space and time.

The collection of papers in these two book volumes constitutes the Proceedings
of the Fifth International Conference on Research into Design (ICoRD’15) held at
the Indian Institute of Science, Bangalore, India during 7-9 January 2015.
ICoRD’15 is the fifth in a series of biennial conferences held in India to bring
together the international community from diverse areas of design practice, teaching
and research. The goals are to share cutting edge research about design among its
stakeholders; aid the ongoing process of developing a collective vision through
emerging research challenges and questions; and provide a platform for interaction,
collaboration and development of the community in order for it to address the
global and local challenges by forming and realising the collective vision. The
conference is intended for all stakeholders of design, and in particular for its
practitioners, researchers, teachers and students.

Of the 265 abstracts submitted to ICoRD’15, 196 were selected for full paper
submission. 151 full papers were submitted, which were reviewed by experts from
the ICoRD’15 International Programme Committee comprising 180 members from
over 131 institutions or organisations from 34 countries spanning six continents.
Finally, 118 full papers, authored by over 275 (275 unique authors, actually 335
author entries in 118 papers) researchers from 86 institutions and organisations
from 24 countries spanning six continents, were selected for presentation at the
conference and for publication as chapters in this book. ICoRD has steadily grown
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over the last four editions, from a humble beginning in 2006 with 30 papers and
60 participants, through 75 papers and 100 participants in I[CoRD’09, 100 papers
and 150 participants in ICoRD’11, to 114 papers and 170 participants in ICoRD’13.

ICoRD’15 had 14 sessions with 70 podium papers, and 48 papers with brief
podium presentations followed by poster display and discussion. It had keynotes
from prominent researchers and practitioners from around the world such as:
Vincent Floderer from CRIMP, France, Kristin Wood from Singapore University of
Technology and Design, Singapore, John Gero from George Mason University,
USA, Richard Gardner from The Boeing Company, USA, Sudhakar Nadkarni from
Welingkar Institute of Management, India, and Rishikesha Krishnan from Indian
Institute of Management Indore, India. It had two panel discussions on “Publishing
Research Papers” and “Practice of Design”, and five workshops, on Design Cog-
nition, Sustainability, Emotional Engineering, Paper Crumpling, and Design
Innovation Centre (DIC) Hubs in India. From 2015, ICoRD started giving ICON?
awards (acronym for ICoRD Outstanding Contribution to desigN scieNce and
educatioN) to outstanding contributors to design education and research. Professor
Sudhakar Nadkarni and Prof. John Gero were selected as ICON® awardees for
2015, respectively for their outstanding contributions to design education and
design research.

The chapters in this book together cover all three major areas of products and
processes: functionality, form and human factors. The spectrum of topics range
from those focusing on early stages such as creativity and synthesis, through those
that are primarily considered in specific stages of the product life cycle, such as
safety, reliability or manufacturability, to those that are relevant across the whole
product life cycle, such as collaboration, communication, design management,
knowledge management, cost, environment and product life cycle management.
Issues of delivery of research into design, in terms of its two major arms: design
education and practice, are both highlighted in the chapters in this book. Founda-
tional topics such as the nature of design theory and research methodology are also
major areas of focus. It is particularly encouraging to see in the chapters the variety
of areas of application of research into design—aerospace, healthcare, automotive
and white goods are but a few of the sectors explored. The theme of this year’s
conference and of this book is “Design Across Boundaries”, where boundaries are
manifold and span many dimensions—economy, culture, age, gender, religion,
caste, class, education, family, digitalisation, geography (rural/urban) and so on.

The book has two volumes. Volume I focuses on Design Theory, Research
Methodology, Aesthetics, Human Factors and Education. Volume II focuses on
Design Creativity, Sustainability, Design for X, Enabling Technologies, Design
Management and Applications in Practice. Volume I broadly focuses on form and
human factors, while Volume II focuses on functionality.

On behalf of the Steering Committee, Advisory Committee, Local Organising
Committee and Co-Chairs, I thank all the authors, delegates, institutions and
organisations that participated in the conference and the International Programme
Committee for their support in organising ICoORD’15 and putting this book together.
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I am thankful to the Design Society and Design Research Society for their kind
endorsement of ICORD’15. I thank Indian Institute of Science (IISc), Bangalore and
its Centre for Product Design and Manufacturing, for their support of this event.
I also wish to place on record and acknowledge the enormous support provided by
Mr. Ranjan B.S.C., Ms. Kumari M.C. and Ms. Nishath Salma of IISc in managing
the review process, and in preparation of the conference programme and this book,
and the large and dedicated group of student-volunteers of Indian Institute of
Science, Bangalore in the organisation of the conference. Finally, I thank Springer,
especially its Editor Ms. Swati Meherishi, for the wonderful support extended in
the publication of this book and for sponsoring books and book coupons for
Distinguished Paper Awards and ICON® Awards respectively.

Amaresh Chakrabarti
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About the Conference

Design is ubiquitous; it pervades almost all spheres of life, and has been around as
long as life has taken up the task of purposefully changing the world around it.
Research in design and the emergence of a research community in this area has
been relatively new, its development influenced by the multiple facets of design
(human, artefact, process, organization, and the micro- and macro economy by
which design is shaped) and the associated diversification of the community into
those focusing on various aspects of these individual facets, or various applications.
Design is complex, balancing the needs from multiple stakeholders, and requiring a
multitude of areas of knowledge to be utilized, from resources spread across space
and time.

ICoRD’15 is the fifth in a series of conferences intended to be held every 2 years
in India to bring together the international community from diverse areas of design
practice, teaching and research, to: showcase cutting edge research on design to the
stakeholders; aid the ongoing process of developing and extending the collective
vision through emerging research challenges and questions; and provide a platform
for interaction, collaboration and development of the community in order for it to
take up the challenges to realize the vision. The conference is intended for all
stakeholders of design, and in particular for its practitioners, researchers, teachers
and students.

The theme of ICoRD’15 is “Design Across Boundaries”. Human society is
ridden with boundaries: economic, political, religious, educational, cultural, racial,
caste and class-based, age-based, ability-based, environmental, oriental-occidental,
rural-urban, traditional-modern and so on. Yet designs must transcend boundaries
to create value for people from all walks of the global society. Specific forms of
design across boundaries are already being encapsulated in for instance “inclusive
design” which aims to help melt age- and ability-based boundaries, or “design for
the bottom-of-the-pyramid” which extends design to those with extreme economic
challenges. The theme of ICoRD’15 is a celebration of the power of design to be
pervasive. It is also a call to the design and its research fraternity to acknowledge
boundaries, if only to transcend them and reach the benefits of design to everyone.
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XXVi About the Conference

The conference has:

e Invited presentations from eminent international experts and practitioners;
e Presentations of refereed papers as podium, poster, panel or theme presentations;
o Industrial sessions to present perspectives from industry and studies in practice.

ICoRD’15 is co-located with the 3rd International Conference on Design
Creativity (3rd ICDC) held in Bangalore, India, 12—14 January, 2015.
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Part 1
Design Creativity, Synthesis, Evaluation
and Optimisation



Evolution of Design Intuition
and Synthesis Using Simulation
Enriched Qualitative Cognitive Models

Satish Chandra

Abstract Design of engineering systems requires understanding of physical
behavior. Previously, design intuition was considered to be developed based on
actual experience. However, use of simulations to understand physical behavior is
now widespread, and can play a role in developing design intuition rapidly. It can
be said that design intuition is essentially a cognitive model in a qualitative form
and is descriptive. Research indicates that these cognitive models have a structure,
are decomposable and runnable and combine with memories in the mind. In this
paper, it is argued simulations help the evolution of the cognitive models, using a
predict, test and validate (PTV) approach aided by visualization and imagery. Using
case studies, it is seen that while some naive intuitive models are consistent with
physical laws, in other cases, the faulty models are replaced with models that have
basis in physical laws when using the PTV approach. Thus, simulations appear to
enrich cognitive models of physical behavior, aid design synthesis within a design
space. It is seen that simulation enriched design intuition evolves rapidly and can be
used effectively in training.

Keywords Cognitive models - Simulation - Design intuition - Synthesis
Qualitative reasoning

1 Introduction

The use of simulations to design products and systems is widespread in
engineering. In the past, direct assimilation of quantitative data from simulation
provided new experiences of physical behavior. With the advent of visualization
and imagery using computer graphics, demands on simulation have been to provide
a realistic replication of actual physical behavior and in this lies the sense of
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“experience”, where conceptual relationships and memories are developed. There
are specific reasons to understand the development of design intuition of the
engineers who run these simulations, as it would have long term consequences in
design synthesis and innovation. Over the years, design intuition was regarded to
have been developed by experience of working on new designs, testing the designs
and observing their performance in the real world. While today, simulations are in
widespread use, there are questions with regard to the design intuition of engineers,
who may not have either the full knowledge of the physical laws or mathematical
models embedded in software used for simulations, or the real world experience.

In this paper, we focus attention on the development of design intuition by such
design engineers. This paper describes studies on the intuitive and counter intuitive
notions of designers who use simulations repeatedly in a bounded design space.
The use of predict-test-validate (PTV) approach routinely used in engineering
design, with simulations used for predictions, tests used to validate and verify is
discussed. While, it is generally felt that visualization leads to development of the
design intuition, it is argued here that it is the descriptive qualitative models that are
generated after visualization and imagery, that can be regarded as structured design
intuition or a cognitive model of physical behaviour. The emphasis in this paper is
on the development of the qualitative structure of these models, and not on visu-
alization and imagery.

Design intuition can be described in the form of cognitive or mental models. The
process of the development and refinement of cognitive models of physical
behavior from lay intuition to expert intuition is fascinating. It has been seen that
the cognitive models can be organized in terms of objects/agents which operate out
of a framework and these replaced as evidence is gathered against it as the model is
continuously refined.

There appears to be considerable work regarding the development of cognitive
models of physical behavior e.g., Johnson-Laird [1], Gentner and Stevens [2],
DiSessa [3], McCloskey [4]. In widely cited work edited by Gentner and Stevens
[2], it is noted that analogies and metaphors are structured to form these models.
Now, this is interesting in the light of the argument that models are really in a sense
relationships that are dynamic representations. How these models are formed in
individuals, whether one operates from first principles or just from intuition can be
largely explained by structures formed by relationships. In Williams et al. [5], the
concept is of an autonomous object, with an explicit representation of state and
topological connections to other objects. These objects have a set of internal
parameters and rules, which modify its parameters and propagate information via
the rules and topology. Running a cognitive model is akin to modifying parameters
of the model by propagating information, by objects interacting with a limited
number of connected objects.

Staggers and Norcio [6] argued that these models were related to perceptual
entities. In [7] it is said that humans construct cognitive models of both concrete
and abstract objects in a relational structure which emulates an actual situation.
Humans in that sense run models in their minds for description and causal
hypothesis testing as models are constructed and modified.
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In parallel, there has been considerable work on qualitative reasoning [8—11],
driven by interest in how human reason about physical behavior. de Kleer and
Brown [8] believe humans could use a qualitative calculus to manipulate knowl-
edge of the physical world. Forbus and Gentner [10], Forbus [11] argues that there
is evidence that qualitative representation of spatial and temporal information
represents the intuitive positions on physical behaviour. Forbus used qualitative
reasoning to model intuitive phenomena such as motion, liquids, and heat. Inter-
estingly, there is exploration of how scientists and engineers reason to enable them
to navigate and extract valuable insights about complex systems purely from visual
imagery. This has considerable implications for enriching cognitive models using
simulation driven imagery. In Chandra [12], it is argued that simulations can also be
used to produce descriptions in a qualitative way, as assimilation of behavior in
humans is essentially qualitative. While, we could further explore visualization and
imagery as basis for learning in a separate paper, it is assumed here that visuali-
zation provides the same scope for assimilation as real experience, as the general
view about visualization is that all attempts are being made to create a real expe-
rience as much as possible. Tenenbaum and co-workers [13—15] in a series of
papers see simulation as an engine for understanding physical behaviour, be it video
games, graphics etc., describe how intuitive physics is formed in the mind, noting
that inferences are made beyond the data and use probability based inferences on
representations that are evolving and flexible. Trafton et al. [16] noted that it is
possible to generate information from complex visualizations indicating structured
cognitive models can be built using visualisation and imagery.

Sanborn et al. [17] shows in using the case of colliding objects, intuitions deviate
from classical laws of mechanics arguing for the use of heuristics to make judge-
ment on collisions, only that mass is intuitive, while velocities and trajectories are
really something where there could be uncertainty. The argument is that Bayesian
inference and memory (recall) could enable consistent intuitions with respect to
classical mechanics.

Forbus and Gentner [10] relook at the work in the 1980s and argue that cognitive
models are high resolution simulations, where reasoning is like watching a movie of
a physical system behaviour in the mind and is essentially qualitative. Thus, pre-
vious work indicates that cognitive models of physical behavior have a framework,
in which objects are embedded in a topological structure which can be run as a
mental simulation. There appears to evidence that early (lay) intuition cognitive
models of physical behavior involving motion and trajectory generally can be
difficult and has associated uncertainty.

Using case studies, it is shown that engineers without the deeper knowledge of
the mathematical model embedded into the simulation can rework and refine their
cognitive models by running simulations and visualizations and assimilating the
physical behavior represented by these simulations. It is argued that the intuitive
cognitive models based on simulations can be changed either completely or in parts
(in terms of connections or objects or internal rules of the objects), and replaced
with new models. Interestingly, the PTV approach also aids in refining design
intuition, and in the process altering the original cognitive models, as data from
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tests are generally used in replacing faulty design intuition with what is proven.
Much of the work done earlier in the 1980s and 1990s were probably aimed at
developing artificial intelligence concepts based on the understanding of intuitive
models for physical behavior. In this paper, the emphasis is to use the mapping of
quantitative models into qualitative descriptions from simulations, from which
design synthesis and intuition can be developed rapidly.

2 Development of Design Intuition During the Design
Process in Engineering

Typically the design process in engineering can be characterized in the form as
shown in Fig. 1. Concept models are developed using the well developed intuition
of experienced design engineers. A conceptual model is created by sketches,
description and notes, these product concepts are then converted to a computer
aided design model. The computer aided design (CAD) model is used to simulate
physical behavior. Simulations are performed using software embedded with
mathematical models representing the appropriate physics.

Simulations produce visualizations that are assimilated by human beings.
Results are compared with experiments or tests and validated, which is known as
the Predict-Test-Validate (PTV) approach. This enables certification of the product,
which is then manufactured and operated. Development of the various models:
conceptual, CAD and the simulation model involve experience, learning and
memory, driven by cognitive models that have evolved from the very naive stage
till it can be acknowledged as engineering expertise. Design procedures which are
accepted based on certification and regulatory processes are also developed based
on cognitive models that have evolved over a number of experiences on real
engineering projects. Simulations during a design process could be regarded as

Predict-Test-Validate
]

Simulation
Models

Concept
Models

CAD models Testing

Qualitative, Quantitative Quantitative
Descriptive models mathematical models
models, based on physical

sketches etc laws
Certification

Manufacture
Operation

Fig. 1 Design process in engineering
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repeated experiments on a computer, where each simulation result is analysed and
absorbed as an experience. Typically, any prediction via simulation is tested, results
from tests measured and correlated, the test-simulation correlation regarded as
validation. Thus, under the PTV approach, a cognitive model of behavior is refined
and accepted after validation by tests or in many cases actual experience of the
design in real operation. In many ways, design synthesis occurs in individuals
through a highly developed cognitive model of the engineered system and some-
times referred to as tacit knowledge, which can in turn be regarded as causal.

2.1 Case Studies in Mechanics Simulations

A series of experiments were conducted regarding the learning from simulations
among engineers, especially if the underlying mathematical models were either not
fully understood, or was not recoverable from memory. The anecdotal experience
was further discussed. Initially, the discussion was to be restricted to understanding
the rather confusing issue of energy absorption under impact. However, more basic
mechanics behavior was explored as well. Interestingly, these “thought experi-
ments” showed how the intuitive position of strength and safety pervaded the
discussion, and generates a causal relationship between strength and safety.

From a qualitative reasoning perspective, the varieties of behaviours as imagined
that influence design using mechanics were explored. Fundamentally, the process of
reasoning qualitatively is set in descriptions of behavior. Typical behaviours
commonly used in mechanics simulation, in a steady state sense, are as follows (see
Fig. 2). While we will not deal with visualization and imagery in detail here, it is
sufficient to note that whether this imagery is through a real world experience, test
or simulation, it will lead to assimilation in a qualitative form lending to description.

(a) (b)

(0 (d)

Fig. 2 a Compression, b tension, ¢ bending, d torsion
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| < Object length, size, stiffness(internal forces), material

"~ &——— Constraints

Fig. 3 Simulation model for compression

Metallic block Steel Aluminium  Steel+Aluminum

Fig. 4 Metallic block (with steel/aluminium crush zone)

Figure 3 shows a typical compression model in simulation. The model has a
certain number of features, which can be assimilated using imagery and represented
through qualitative description. These include the loads (forces), constraints for
movements, length, size, shape etc. Firstly, we use Newtonian mechanics and
mathematical models, to arrive at similar conclusions with equilibrium relationships
governing force versus reaction relationships as seen below:

P = KXx, where P is load applied, K the stiffness and x the deformation of a block
shown in Fig. 4. In a qualitative way, compression can be described in terms of
External force, Internal Force, deformation and behavior represented based causal
description in the form: Low deformation if stiffness is high and/or force is low.

Exploring this further with different materials, consider a simple metallic block
undergoing compression: Here we can have this as steel, aluminum and a combi-
nation of aluminum and steel.

Results from the simulation done in a static (steady state simulation) shows
deformations to be lower for steel than aluminum or a hybrid steel and aluminum
crush zone. Here, there is consistency between the lay-intuitive cognitive model and
simulations, as steel appears stronger than aluminum.

In more complex states, e.g., buckling, qualitative reasoning based on intuitive
physics is difficult. The intuitive notions in dynamic situations were also explored.
The following mechanics phenomena can be classified as dynamic: Vibration,
Flutter, Impact etc. In each of these cases, the intuitive notions were not easy to
articulate during discussions, unless a foundation of physical laws and mathemat-
ical models was available. In dynamic situations, there appears to be issues of naive
physics failing as discussed earlier by other researchers as well [13]. So, it was
found necessary for the development of cognitive models of the dynamic
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phenomena to be based on exposure to the mathematical models and observations
of tests (PTV). We now explore energy absorption further as there were very clearly
different interpretations between lay intuition and the actual physical behavior.
Concepts of work done, energy, velocity, acceleration, inertia etc., all part of
Newtonian physics are generally not lay-intuitive unless they are taught and
learning occurs.

Further exploration revealed that the use of non-colloquial language terminol-
ogy, basically scientific terminology linked to physical laws was required, for
dynamic situations, while these were not required for the simpler model associated
with compression etc., though there have been some consistency between intuitive
and Newtonian models in steady state.

Typically, using explicit dynamics software, also known as a crash analysis
code, e.g., PAMCRASH, a dynamic simulation was carried out (Fig. 5). It was
found a metallic block with the steel crush zone deformed the least, but transmitted
the highest accelerations, while the block with aluminum crush zone deformed the
most, but had the least accelerations. The hybrid aluminum and steel metal block
crushed, but the steel block effectively remained intact, representing an automobile
with a crush zone, but provided an intact chamber for an occupant.

A first level reasoning of dynamic behavior of impact was carried out with
engineers with no exposure to dynamics, especially impact engineering. They felt
that if the structure was “strong”, it was safe. These engineers were shown simu-
lations and videos of car crashes with cars with did not deform versus cars which
had a crush/crumble zone. The first intuitive reaction was one of confusion and
skepticism. In fact, it was shown that images of cars which remained fairly intact
were not necessarily safe for the occupant, as forces were transmitted to the
occupant, resulting in severe injury and fatalities.

A simple experiment, as in the development of the first level model was
undertaken. It was shown that the conventional, intuitive view that strong materials
and designs were safer was not appropriate in an impact situation, as counter-
intuitive physics was at play. The introduction to the above concepts and more
importantly, the engineers were led through a predict, test and validate (PTV)
process. Repeated exposure to simulations in a parametric way, with number of

Fig. 5 Visualisation of
crushing of the metallic block
under impact
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case studies demonstrated using the PTV approach led to more consistent quali-
tative descriptions of dynamic behavior.

In this dynamic situation, the runnable model is function of energy, inertia,
damping, stiffness, Force etc. We can relate to the Newtonian laws through con-
cepts of energy, inertia, reaction etc. Other motion attributes in terms of (defor-
mation, velocity or speed, acceleration) will need to be assimilated. This can also be
expressed mathematically in the form:

Mi+ cx+Kx=F

where again the MX represents Inertial Forces, cx represents damping forces and
Kx Restoring forces, which are internal, while an external force F is applied.

Expressing accelerations in the form: ¥ = (F — cX — kx)/M, shows that if the
displacements are higher, the accelerations will be lower. This can only occur, if the
crushing is higher. Thus, based on this PTV approach, where simulation results
pointed to physical behavior that could be validated, new runnable objects/entities
that can be used in a qualitative modeling structure were found in terms of energy,
work done, inertia, mass etc. During these studies, it was found that a parametric
approach to using simulations, which are repeatedly run for a number of scenarios
helped refine the cognitive models of typical physical behaviours.

3 Structure of the Simulation Driven Cognitive Model

From the case studies, it appears while a number of intuitive models were fairly
representative of simpler physical behaviours. In more complex behaviours, e.g.,
dynamics, there was a need to enable learning and reasoning using physical laws
and mathematical models. In some cases, e.g., impact behavior, the need to revise
the intuitive models was observed. However, repeated use of simulation in a PTV
environment showed that the cognitive models could undergo refinement and
improvement. This led to more realistic qualitative description of behavior. How-
ever, this is with the knowledge that simulation models are limited by the capability
of the embedded mathematical model. There is a whole body of research which
looks at qualitative reasoning [11]. In Chandra [12], there is an argument that
spatial reasoning occurs in engineers in a qualitative way. A mapping of quanti-
tative data to qualitative attributes occurs in human beings with regard to qualitative
representation of quantities and embedded in the cognitive model. Now this is
illustrated in the following form: deformation (0, 1.0, 10.0, 100.0), all in mm being
represented as deformation (very low, low, medium, high, very high) based on
repeated experience on the simulations and the PTV approach.

Developing a qualitative behavior model could be illustrated for two typical
cases: Compression and Energy absorption. The qualitative model can be devel-
oped using a simple qualitative spatial reference in terms of qualitative descriptions
of direction (up, down, left, right), which is again mapped using the reference
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co-ordinate system of (x, y, z). A typical qualitative model can be represented as
follows using a qualitative spatial reference (QSR) Dir {(up(u), down(d), left(l),
right(r))} and direction represented as (I-r, r-1) etc. All quantities are mapped using
an exceedance limit approach, and resolved into intervals in terms of qualitative
attributes, represented as [q]. These could be in the form long, short etc. for length,
low, medium, high for stiffness. For example, compression phenomena can be
represented for any representative object (A) as:

(i) For steady state events: Compression

VObject(A)

Attributes {(Length[q]), (Size[q]), Material[q]);

Internal_Force {(Stiffness[q])}

}

Influence: External_Force[q], dir);

Reaction:

Internal_Force o Length[q] © Size[q] © Material[q];

Result:

Deformation [q]

{

Deformation o Stretch: if Org length < Final length

Deformation & Compressed: if Org length > Final length

}

Behaviour Model:

Deformation(Stretch, High)) o (Internal_Force(Low) External_Force(High,
up))

Deformation(Compression, High) o (Internal_force(Low) External_Force
(High, down))

(i) For dynamic physical behavior events: acceleration

Object (A)

Motion Attributes {Displacement([q], dir)), Velocity [q], dir), Acceleration ([q],
dir)}

Mass ([q])

Influence:

External_Force ([q], dir);

If A Internal_force [q]: Acceleration(dir) & (Mass [?| External Force([q], dir))

If 9 Internal Force [q], dir {

Acceleration & (Mass, External Force, Internal Force))

}

Behaviour model

Acceleration (High, 1-r) if (Mass, Low, External_Force (High, 1-r), Internal
Force(Low, 1-r))
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Naive physics Mathematical Simulation

models models models

Descriptive models
(Qualitative )

PTV (Quantitative data)

Refined cognitive
mode of physical
behaviour

Descriptive models
(Qualitative Structure)

Fig. 6 Flow of cognitive model development

Using a typical structure as noted above, a cognitive model of physical behavior
can be elicited from individuals. This model gets continuously refined based on
simulations. Case studies indicate that the attributes in fact are constantly refined
such that the qualitative representation of the attributes can be used in behavior
descriptions. Repeated use of parametric (bounded) simulations helped in refining
the qualitative models. Thus, the flow of cognitive model development can be
shown as in Fig. 6. During interactions during case studies, most descriptions of
behavior were qualitative, even while the underlying training in physical laws and
mathematical models was embedded in these descriptions. It can be said that
extensive use of simulations produce a qualitative and descriptive model in the
mind enabling design synthesis.

Evidence from the case studies also suggests that reasoning occurs at various
levels and design synthesis occurs in a constrained requirement envelope. As a
result, not all engineers may require to be exposed to the underlying physical
models that drive a simulation. This is akin to a driver in a simulation game of a
race car or a pilot who uses a simulator to enhance training. It seems that refining
cognitive models, (which is in a sense is also design synthesis) about dynamic
physical behavior can be optimally done using simulations, as actual tests and
experiments are very expensive. It is to be noted that efficient design synthesis will
require extensive understanding of dynamic behavior.

There appear to be possibilities of innovation in engineering new products based
on the rapid learning from the simulations, using the PTV framework, as experi-
menting on the simulation model is considerably less expensive compared to testing
prototypes. Further detailed studies on the structure of the cognitive models asso-
ciated with physical behaviour can aid in creating more efficient training procedures
for fresh engineers.
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4 Conclusion

In this paper, the role of simulation as a source of enriching cognitive models of
physical behavior as used in engineering design is examined. As is well known, real
experience has traditionally been associated with engineers who have worked on a
number of products. As seen here, simulations can rapidly enhance the experience
about physical behavior. Intuitive cognitive models can be replaced by cognitive
models that are developed based on repeated use of simulations, which are driven
by mathematical models embedded with physical laws. It is seen that especially
when we consider complex physical behavior, e.g., dynamic behavior, simulation
models help in rapidly training fresh engineers. It is argued that cognitive models
are runnable, evolve, are descriptive and qualitative. These models can be made to
reflect reality through the predict-test-validate (PTV) approach. While, humans are
known to use qualitative reasoning, assimilation from a simulation via visualisation
and imagery, where spatial reasoning and motion information is absorbed to enable
formation or refinement of cognitive models. In summary, it can be said that
simulation driven experience can in fact enrich design intuition by synthesis and
enable more efficient training processes, especially with regard to understanding of
dynamic physical behavior.
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Analytical Estimation and Experimental
Validation of Acceleration at Spacecraft
Solar Array Latch-up Considering
Differential Latching

B. Lakshmi Narayana, Gaurav Sharma, G. Nagesh, C.D. Sridhara
and R. Ranganath

Abstract Solar array deployment on-board a spacecraft is a mission critical
activity. The torque margin over friction torque in the deployment hinge mechanism
is an important parameter that ensures positive deployment. Higher torque margin
results in higher latch-up moment that affects the design of panel substrates and
hinges. Latch-up moment estimated earlier assumes simultaneous latching of hin-
ges. However, in reality, hinges latch at different instants of time due to the pres-
ence of closed control loops which has been confirmed by on-orbit observations.
The latch-up sequence of the panels influences the distribution of latch-up moments
induced at the hinges. In this paper, a mathematical model for a solar array with a
yoke two panel configuration is developed using ADAMS software which con-
siders differential latching of hinges. The mathematical model includes the influ-
ence of panel flexibility, close control loops, harness, snubbers, ejectors and air
drag. The acceleration and moment at latch-up are estimated as a function of time.
Deployment time and acceleration at latch-up dictate the magnitude of latch-up
moment at hinges and have been compared with experimental value obtained from
accelerometer mounted on the outermost panel, during ground deployment test. The
novelty in the present work is the formulation of a test validated methodology to
analyse the deployment dynamics of a multi-panel solar array considering differ-
ential latching which has the potential to simulate the latching of solar array more
accurately compared to previously adopted methods. It will be useful in carrying
out deployment dynamics of futuristic solar arrays with larger number of panels.
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1 Introduction

A typical solar array used in satellites consists of a yoke and one or more number of
panels. It is kept stowed during launch and deployed in the orbit. The yoke and
panels are interconnected by hinges. The deployment of solar array is extensively
tested and verified on ground before deployment in the orbit. The ground
deployment testing of a solar array consisting of a yoke and two panels is shown in
Fig. 1, in stowed, partially deployed and fully deployed configurations.

The ground deployment of solar array is carried out by suspending the yoke and
panels on overhead zero-g test set-up. The force in the overhead zero-‘g’ spring is
adjusted to balance the weight of the yoke/panels so that the hinges do not expe-
rience load. The energy for the deployment is provided by preloaded torsion springs
mounted at the hinges along the hinge lines. The Close Control Loops (CCL)
provided between Yoke-Panel 1 and Panel 1-Panel 2 enable coordinated deploy-
ment ensuring that each panel opens up by a similar angle and latches near

(b)

(c)

SADA-Yoke hinge Zero-g guide rails

Yoke-Panel 1 hinge (top)

Panel 1-Panel 2 hinge (top)

Yoke /
Panel-2

Yoke-Panel 1 hinge (bottom) g Panel-1
Panel 1-Panel 2 hinge (bottom)

Fig. 1 Schematic of ground testing of solar array deployment. a Solar array (stowed). b Solar
array (partially deployed). ¢ Solar array (fully deployed)
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simultaneously with respect to other panels (Fig. 6). This minimizes the inter panel
latch up shock because the momentum gets countered between the successive joints
due to change in the direction of rotation.

The latching of hinges produces latch-up shock at the hinges which needs to be
estimated as it is an input for design of hinge mechanism and yoke/solar panel
substrates. The dynamics of deploying solar array has been studied by many
researchers in the past. Nataraju and Vidyasagar [1] formulated the deployment
dynamics of a yoke and three panel configuration using Lagrange’s method
assuming the panels to be rigid. Subsequently, the latch up shock was estimated for
the single solar panel by energy method [2]. Nagaraj et al. [3] studied the
deployment dynamics of two flexible links with revolute joints undergoing locking.
The flexibility was modeled by finite element method and locking was modeled by
momentum balance method. The theoretical results were validated by experiments.
The study on yoke and two panel configuration of solar array was extended for ‘n’
panels by Balaji et al. [4] using matrix approach. The authors also considered the
effect of damper and air drag in the model. The energy transfer for each stage of
locking for flexible links was addressed by Nagaraj et al. [5]. de Faria et al. [6]
evaluated the latch-up force through transient dynamics for the Brazilian solar
array. The link flexibility of multi-link flexible structures was modeled by Na and
Kim [7] using Timoshenko beam theory and compared with the experimental
results of two flexible links undergoing locking, as carried out by B.P. Nagaraj et al.

As observed from above survey, the latch-up moments at the hinges of a
deploying appendage on spacecraft were either estimated by energy method or by
transient dynamic analysis both of which assume simultaneous latching of hinges.
The energy method assumes that the latch up kinetic energy is absorbed by the
deployed solar array in the form of strain energy. The loading distribution is
assumed triangular and the strain energy of the deployed array is calculated for unit
angular acceleration which is then scaled up to obtain equivalent angular acceler-
ation for the latch-up energy. The magnitude of loading is then the product of
equivalent angular acceleration, mass per unit length of yoke/panel and distance
along the yoke/panel. In transient dynamics, the velocity distribution of the solar
array at latch-up is assumed triangular and is obtained from the rigid body
dynamics. It is then taken as an initial condition for finite element model of
deployed array to estimate the latch up moments at hinges. In actual scenario,
latching takes place at different intervals of time due to flexibility of CCL wire
ropes connecting yoke to first panel and first panel to second panel. The latch-up
moment experienced by the hinges depends on the sequence of latching of the
panels. Therefore, a model that predicts the latch-up moment at hinges considering
differential latching would be more accurate compared to earlier methods.

In the present work, the deployment dynamics is carried out for solar array having
a yoke-two panel configuration in a single software platform ADAMS considering
differential latching of hinges. Mathematical modelling includes the influence of
panel flexibility, close control loops, harness, snubbers, ejectors and air drag.



18 B. Lakshmi Narayana et al.

Simulations are carried out for ground and on-orbit conditions and acceleration/
moment at latch-up are estimated as a function of time. The time taken for array
deployment and the acceleration at latch-up are indicative parameters that dictate the
magnitude of latch-up moment. These have been measured in the test and used to
validate the correctness of analytical estimates. The paper is organized as follows.
Section 2 provides the details of modeling, Sect. 3 presents the results of analysis and
test and Sect. 4 summarises the essential findings of the study.

2 Details of Modelling
2.1 Modelling of Yoke and Panels Flexibility

Based on the FFT of on orbit body rates at solar array latch-up of an earlier satellite,
first bending natural frequency was observed to be 0.73 Hz. The geometry and
flexibility parameters of yoke and panels were modeled to achieve 0.73 Hz using
PATRAN finite element software. The modal neutral files generated for yoke and
panels were imported to ADAMS/View. A revolute joint is created between yoke
and ground. A torsion spring of known pre- rotational angle and stiffness is created
along the axis of this joint. Panel-1 is positioned keeping the required gap between
it and the yoke. Two rigid links are created between the Yoke and Panel-1 facili-
tating the creation of a revolute joint where the torsion spring is modeled. The
procedure is repeated for other inter-panel hinges.

2.2 Modelling of Closed Control Loop (CCL)

A typical CCL used in solar array consists of a pre-tensioned wire rope passing over
two pulleys mounted between the successive joints as shown in Fig. 2. The gen-
eralized coordinates are shown in Fig. 3.

In the absence of tension springs in CCLs for a given angle a of the yoke, the
panel should rotate by angle op as given in Eq. 1 but due to tension spring the first

/—- PULLEY-I (STATIONARY) !

PANEL

<l
CLOSE CONTROL —/ 3 PULLEY-II
LOOP

Fig. 2 Schematic of CCL connecting yoke and first panel
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Fig. 3 Generalised coordinates

panel rotates by angle B which changes the length of CCL springs affecting the

energy in the tension springs through which the torque between the joints gets
adjusted.

Rpy

op =——0a 1

" R M)

where, Rpy is the radius of yoke pulley and Rp, is the radius of panel-1 pulley. The
feedback energy of the tension springs is calculated as 'z (difference in the angle of
rotation)2 (radius of pulley)2 (spring stiffness). It is calculated as:

1[R :

Uei = = |- o+ p Rfal(kcn + kc12) (2a)
2 |Rp
1 {Rp ?

Ucr == |o—a+ 7| Roy(kea + ken) (2b)
2 |Rp3

where, Rp;—Rp3 are the radii of pulleys 1-3, k;; are the equivalent stiffness values
of CCL loop. Summation of potential energy Uc; and U, gives the total energy of
tension springs. Taking Rpy/Rp; = 2 and Rp;—Rp; as R, the generalized force at
various coordinates that have been modeled as external forces in ADAMS/View are
given by:

—-oU

pae —2(ken + kei2)R* (20 + ) (3a)
—-oU 0 2
0B — (ke + kc12)R™ (2004 B) — (kear + ke2)R7(B + 7) (3b)
—oU = —(kea1 + ke )RE(B+7) (3¢)

dy
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2.3 Modelling of Harness and Snubbers/Ejectors

The power generated by solar cells bonded on to the solar panels is transmitted
through power cables that extend from one panel to another and from innermost
panel to yoke where they are connected to a solar array drive assembly. Measured
torque characteristics of the harness are modeled using spline, as shown in Fig. 4.
Preloaded snubbers are provided between yoke and spacecraft deck and between
panels to enhance the stowed natural frequency of the stack and limit the amplitude
of vibration during launch. They also provide initial push force to the deploying
panel acting for a very short duration. These are also provided at hold down
interfaces to provide initial push force for deployment of panels. This is represented
in the mathematical model by a linearly varying force with maximum value at the
start of deployment and reducing to zero (once the snubbers or ejectors loose
contact). A typical snubber/ejector force variation with time is shown in Fig. 5.
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Fig. 4 Typical variation of harness torque
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Fig. 5 Typical variation of snubber force
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2.4 Modelling of Air Drag

Solar array deployment is carried out on ground to demonstrate the functional
requirement of the mechanism. The presence of air drag in the laboratory offers
resistance to the deploying panels. Mathematically, the drag force is given by:

1
where, Cp = drag coefficient, p = density of air, A = projected area of each strip,
V = linear velocity. The panels are divided into ten equal sized strips along the
length and the linear velocity of each strip is estimated at each instant of time and
the drag force is applied.

2.5 Modelling of Latching

Latching of hinges is modelled using BISTOP [8] function in ADAMS. BISTOP is
a two sided impact function that provides resistive torque when the hinge rotates by
a predefined angle (90° for SADA-yoke and 180° for inter panel hinges) as a
function of angular velocity. This prevents further rotation of the hinges and each
latching reduces the degrees of freedom by one. The BISTOP [§] function is defined
by following parameters; x: Real variable that specifies the angular displacement to
be used for force computation, x: Real variable that communicates the angular
velocity to BISTOP function, x1: Upper limit of x, x2: Lower limit of x, k: Non
negative real variable that specifies the boundary surface interaction. In the present
model it is hinge stiffness. Experimentally measured hinge stiffness for SADA-
Yoke, Yoke-Panel 1 and Panel 1-Panel 2 are used as inputs, e: Positive variable that
specifies the exponent of the force deformation characteristics, cmax: Non negative
real variable that specifies the maximum damping coefficient, d: Positive variable
that specifies penetration at which full damping is applied.

3 Results and Discussion

The simulation is carried out for ground and on orbit conditions. During simulation
the torque provided by the BISTOP function are activated once the hinge moves by
the predefined angle (90° for SADA-Yoke hinge and 180° for inter panel hinges).
As the locking of hinges is not simultaneous, simulation is continued till all the
hinges get locked. Locking torques are activated using simulation scripts. The
results are presented in following sections.
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3.1 Ground Simulation

Simulation provides the deployment time, latch-up velocity of panels, acceleration
near Panel 1-Panel 2 hinge, and latch-up moments, during deployment and sub-
sequent to latching. The latching time and peak moments are summarised in
Table 1. The variation of angle of opening of yoke and panel joints with time is
shown in Fig. 6 and the corresponding latch up moment plots for the hinges are
shown in Fig. 7.

It is observed from analysis that SADA-Yoke latches first at 11.88 s, followed by
latching of Panel 1-Panel 2 hinges at 12.0 s and final latching of Yoke-Panel 1
hinge at 12.01 s. This matches with the observed deployment time of 12.0 s on
ground measurement. Peak moment of 95.0 N m was observed at SADA-Yoke
hinge due to first latching whereas the latch-up moments at other two hinges are
observed to be nearly equal as they latch nearly at the same time.

The linear acceleration at a point near Panel 1-Panel 2 hinge is measured, as
shown in Fig. 8. The predicted and measured acceleration at this location is shown
in Figs. 9 and 10 respectively.

It can be observed that the predicted peak acceleration is 0.68 g and matches
well with measured acceleration of 0.7 g.

Table 1 Estimated latch-up moment at hinges for ground conditions

SADA-Yoke Yoke-Panel 1 Panel 1-Panel 2
Latching time (s) 11.88 12.01 12.0
Latch-up moment (N m) 95.0 30.0 27.0
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Fig. 6 Angle of opening of yoke and panels with time for ground conditions
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Fig. 10 Measured acceleration versus time

3.2 On Orbit Simulation

Simulation studies are carried out for on-orbit conditions for estimating the
deployment time and latch-up moment. The variation of angle of opening of yoke
and panel joints with time is shown in Fig. 11. Latching time and peak latch up
moments are presented in Table 2. Lesser co-efficient of friction compared to
ground conditions, absence of air drag and effects of zero-g simulation hardware,
results in faster on-orbit deployment and higher latch-up moments compared to
ground conditions. It may be observed that the sequence of latching on-orbit is

200.00
180.00
160.00 ———SADA-Yoke
140.00
120.00
100.00
80.00
60.00
40.00
20.00

0.00
0.0 5.0 10.0 15.0 20.0

Time (sec)

=== Yoke-Panell

= - Panel1-Panel2

Angle (deg)

Fig. 11 Angle of opening of yoke and panels versus time for on-orbit conditions

Table 2 Estimated latch-up moment at hinges for on-orbit conditions
SADA-Poke Yoke-Panel 1 Panel 1-Panel 2

Latching time (s) 7.9 8.0 8.1
Latch-up moment (N m) 124 52.0 27.0
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SADA-Yoke, Yoke-Panel 1 and Panel 1-Panel 2. The peak linear acceleration at a
point near Panel 1-Panel 2 hinge is estimated as 1.48 g.

4 Conclusions

The dynamics of deploying solar array consisting of a Yoke and two Panels has been
successfully carried out considering the influence of yoke and panel flexibility, close
control loops, harness torque variation, snubber force, ejector force and air drag.
During deployment, the array is a multibody dynamical system and after latch up, it
behaves as a structure. Both these phases are modeled and analysed on a single
software platform ADAMS seamlessly considering differential latching. Simulation
results have been obtained in terms of deployment time, angle of opening, acceleration
and latch-up moment, for ground and on-orbit conditions. The fidelity of simulations
is validated on ground by comparing the measured deployment time and acceleration
at latch-up with predicted values. The methodology developed provides an effective
means to model the dynamics of deploying solar array more accurately compared to
previous methods. This will be of immense use in the study of deployment dynamics
of future spacecrafts where large number of panels would need to be deployed.

Acknowledgments The authors would like to thank Group Director, Spacecraft Mechanisms
Group, Deputy Director, Mechanical Systems Area and Director, ISAC for their support and
encouragement. The authors wish to thank colleagues from Spacecraft Mechanisms Group, Struc-
tures Group and Environmental Test Facility, for providing guidance and support for carrying out the
experiment.

References

1. Nataraju, B.S., Vidyasagar, A.: Deployment dynamics of accordian type solar array considering
flexibility of closed control loops. In: 38th Congress of International Astronautical Federation,
Brighton, UK (1987)

2. Nataraju, B.S., Chinnasamy, R., Krishnamurthy, T.S., Bonde, D.H.: Modelling of deployment
mechanisms for latchup shock. ESA J 13, 393—400 (1989)

3. Nagaraj, B.P., Nataraju, B.S., Ghosal, A.: Dynamics of a two link flexible system under going
locking: mathematical modeling and comparison with experiments. J. Sound Vib. 207(4), 567—
589 (1997)

4. Balaji, K., Nataraju, B.S., Suresha kumar, H.N.: Matrix approach to deployment dynamics of an
n panel solar array. Proc. Inst. Mech. Eng. K J. Multi-body Dyn. 217, 15-27 (2003)

5. Nagaraj, B.P., Nataraju, B.S., Ghosal, A.: Energy transfer during locking of deployable flexible
links. J. Spacecraft Technol. 13(2), 19-32 (2003)

6. de Faria, A.R., Cardozo, L., Fonseca, I.M.: Brazilian multimission platform solar array
generator deployment. In: 55th International Astronautical Congress 2004, Vancouver, Canada

7. Na, K.S., Kim, J.H.: Deployment of multi link flexible structures. J. Sound Vib. 294(1-2), 298-
313 (2006)

8. ADAMS Users’ Guide, Version 10 (2010)



Assessment of the Biomimetic
Toolset—Design Spiral Methodology
Analysis

Pierre-Emmanuel Fayemi, Nicolas Maranzana, Améziane Aoussat
and Giacomo Bersano

Abstract The potential of bio-inspired design has been illustrated many times over
human history. Nevertheless its process is complex, as biologists and engineers
have to work together without necessarily sharing the same vision or language.
Methods and tools have therefore been developed in order to support these kind of
approaches. Following the outlined problem-driven biomimetic process, the article
seeks to provide a global view of the existing biomimetic toolset. To do so, tools are
classified according to their methodological purpose. For each identified type of
tools an evaluation chart has been generated. By its experiment, the article
addresses more specifically the assessment of tools originating from the Design
Spirals methodology. The article provides thereby an identification of advantages,
high accessibility and convenience, and limitations, need to be coupled with other
tools, of the assessed tools. This identification leads to the proposal of an axis of
research to develop new biomimetics tools.

Keywords Biomimetics - Methods + Biomimicry - Bio-inspired design

1 Introduction

Hornby defined inspiration as ‘the process of being mentally stimulated to do or feel
something, especially to do something creative’ [1]. Designers constantly use
sources of inspiration, also called triggers or stimuli, to generate new ideas and to
solve problems. Active search for inspiration, but also inspirational process based
on unconsciousness or serendipity, can be a source of inspiration in order to work in
a systematic way [2].
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Biological knowledge has been demonstrated throughout ages as an effective
source of inspiration [3]. From mimicking animals’ behaviors to hunt and survive, to
Leonardo da Vinci mimicking birds’ flight to design his flying machine, biological
knowledge has been a constantly investigated in order to provide new materials,
processes or strategies. In our closest times, inspiration from aquatic organisms has led
to at least eleven Nobel Prize rewarded medical breakthroughs [4]: Metchnikoff laid
the foundation for the non-organ-specific autoimmune defense through the observation
of the universality of a larvae of sea stars mechanism he will called immunity; Richet
discovered the anaphylactic shock (a heightened immune response) while studying the
venom of box jellyfish; O von Warburg identified the mechanism preventing two
spermatozoa to penetrate the same ovum by studying sea urchins; Hodgkin and Huxley
explained the transmission of nerve impulses by experimenting on squid; Kandel
discovered the key elements of long term memory from Aplysia; Hunt et al. identified
Cyclin B, essential in cell cycles, from purified sea stars oocytes; Shimomura isolated
the GFP, protein used in a wide variety of areas due to its fluorescence, from the
jellyfish Aequorea victoria. Blackburn, Greider and Szvostak have highly impacted
ageing and cancer science thanks to the explanation of chromosome reproduction
through from their study of a ciliate protozoa called Tetrahymena.

Regardless of its empirically proven effectiveness, bio-inspiration refers to
several concepts/sub-concepts. Biomimicry, bionics and biomimetics are the most
common terms that formalize these concepts. Having been used interchangeably
since their introduction by the vast majority of people, bio-inspiration related terms
have the tendency, in conjunction with the increasing of their current exposure, to
drift apart from each other over time.

This article, and its related outcomes, will tackle, with a specific focus, biomi-
metics. Biomimetics can be defined as an interdisciplinary creative process between
biology and technology, aiming at solving antrophospheric problems through
abstraction, transfer and application of knowledge from biological model. Biomi-
metics refer thus to the methodological aspects of bio-inspiration [5].

Consequently, the article will firstly introduce the definition of the problem driven
biomimetic process and its needs. Existing tools and methods which may address these
identified needs will then be presented. Lastly, one methodology and its forming tools,
the Design Spiral methodology, will be assessed. This assessment has been made
possible thanks to the formalization and the use of biomimetics criteria of evaluation.

2 Biomimetics

2.1 Biomimetic Process

Biomimetics can be used in two separate ways, solution-driven or problem-driven.
The solution driven method assumes a biological system that performs a function
which the engineer wants to emulate as a starting point. The process is focused on
abstracting the biological system so that the designer can then use the functional
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Table 1 Problem driven biomimetic process and its specific steps

Assess the Abstract Tlianslate Identlfy SAelectAthe Abstract Tr_anslate Implement
Lo . the into a potential biological . . into a SR
situation/identify hnical | biological | biological dol of biological hnological in initial

a problem technica iological iological model o strategie(s) technological situation

problem challenge models interest challenge

Evaluate Abstract Transfer Applicate | Applicate Abstract Transfer Applicate

model to inspire an engineering design concept. The problem-driven method
assumes that there is a specific behavior/function which the designer wishes to
fulfill. The process is focused on determining the biological systems which needs to
be considered for inspiration. The rest of the article will focus on the problem
driven (PD) method of biomimetics.

A generic problem driven biomimetic process, in accordance with the definitions
stated in Sect. 1 and work of the ISO TC 266 committee, has been outlined [5]. This
process involves 9 sequential steps: define the human needs/challenge; abstract the
technical problem; translate it into a biological challenge; identify potential biological
models; select the biological model(s) of interest; abstract the biological strategy(ies);
translate it into a technological challenge; implementation to the initial situation; evaluate.

As the last step, “evaluate”, may trigger another cycle, the generic problem
driven biomimetic process can be simplified in a non-linear 8-steps process.

This generic process involves tools from 4 different types, as mentioned in
Table 1: Assessment/Problem identification; Abstraction; Transfer; Application.

This classification is essential to assess existing tools, as comparing one tool
with another from a different type does not appear as relevant.

2.2 Methods and Tools Supporting Biomimetic Design

Methods and tools are the element which enables designers to implement biomi-
metic design processes. It is therefore essential to tackle them and their methodo-
logical basis and purpose in order to understand how they could address the needs
of the different outlined steps of the biomimetic process.

2.2.1 Design Spirals Methodology

Biomimicry 3.8 Institute co-founded by Janine Benyus promotes the emergence of
new sustainable technologies through the study and imitation of nature. They have
developed the Design Spirals Methodology which emphasizes values of biomimicry
practice and its related benefits. The methodology is articulated around several tools
such as the Biomimicry Taxonomy, Ask Nature [6], or the Living Principles.
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2.2.2 BioTRIZ

Based on the “theory of inventive problem solving” of Altshuller [7], the working
group upon bio-inspiration of the University of Bath, created in 2001, has devel-
oped, in 2008, a new methodology called BioTRIZ. A TRIZ analysis of solutions
provided by Nature has shown a substantial difference between “Nature design” and
“engineering design”: technology tends to solve the problem thanks to the use of
energy while Nature is more about using information and structure of matter [8].
Therefore, the main thrust of the approach is to allow to benefit from Nature’s
strategies thanks to the power of abstraction of TRIZ.

2.2.3 Natural Language Approaches

An alternative methodology is based on lexical analysis and has been proposed by
Vakali et al. [9]. The goal is to associate semantically and statically some desired
engineering functions or processes to keywords in the easily accessible biological
literature in search algorithms. Emphasizing this work, Chiu and Shu incorporated
Wordnet to the tool to overcome the high amount of irrelevant matches revealed
previously. The lexical database Wordnet provides the ability to distinguish hom-
onyms and to handle troponym trees. Further implementations based on this work
have made possible the retrieval of meaningful keywords with sometimes more
useful matches than the corresponding engineering keywords alone [10, 11].
However, such approaches need, even with a semi-automatic search, a manual
filtering of the results, which could be challenging and time consuming.

2.2.4 Functional Modelling

Biological modelling. Tinsley et al. [12] reported that an effective way to convert
biological knowledge and especially design solutions into valuable input for
engineering problems is to model it with the Functional Basis language. Based on
this statement, Nagel et al. [13] proposed guidelines which offer a functional rep-
resentation of a biological system with incorporation of its mimicry category and
scale. Biological functional models can therefore be implemented in a database.
Thus, designers could search and identify analogous biological models for their
engineering system.

Databases and modelling approaches. Such approaches focus on bringing to
light potential biological models of interest which designers with no or limited
background in biology would not be able to identify by their own. Chakrabarti et al.
have developed IDEA-INSPIRE [14], a software which uses SAPPhIRE constructs
to identify different levels of abstraction to represent biological information. With a
similar approach, Vattam et al. have developed a knowledge-based CAD system
called Design by Analogy to Nature Engine (DANE) [15, 16]. Both tools are
designed around custom-built databases. Thus, they are dependent on the addition
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of new engineering and biologically representations and they require time and
effort. Indeed, the needed level of detail to analyze both engineering and biological
systems is time consuming. The wealth of information on biological organisms and
furthermore the biological information to be processed, due to current unknown
species, suggests that these databases would only contain a minor portion of the
existing knowledge.

The identified biomimetic toolset has been synthesized in Table 2.

Regarding the apparent large number of bio-inspired specific tools, the choice
has been made for this article only to tackle one method. As Design Spirals would
supposedly differ from the other methods, being the only toolbox originating from
Life Science—designed by biologists, it will thus constitute the first methodology
to be further investigated.

3 Assessment of the Design Spirals Tools

Several tools addressing the same theoretical steps of the biomimetic process exist.
It is therefore important to try to understand what their different purpose and
provided features are. This will allow biomimetic designers to be able to choose
tools according to the specificity and constraints of their bio-inspired design pro-
cesses. Consequently, there is a need for assessment criteria in order to compare
tools. This assessment can be extended to methods with the outcome of allowing
the assessment of the global biomimetic toolset maturity.

3.1 Presentation of Tools

The Design Spirals methodology is made of three major design process steps
(ethos, reconnect and emulate). Several tools are used among its process [8].

3.1.1 Life’s Principles

Life’s Principles is a benchmark tool based on Nature’s strategies to create con-
ditions conducive to life. The tool allows designers to identify new axes of sus-
tainable improvement regarding their system.

3.1.2 5-WHYs

5-WHYs is an iterative process tool consisting in asking “why?” several times in
order to determine what the real challenge is.
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3.1.3 Taxonomy

Taxonomy consists in a transferring tool that allows designers to translate a tech-
nical problem into a biological one. Taxonomy is a gateway to Ask Nature, cor-
responding to its functional ontology.

3.1.4 Ask Nature

Ask Nature, known for being the largest database related to bio-inspiration, aims at
creating a link between a natural phenomenon, a living organism presenting such
phenomenon and a potential expert of this organism. To do so, the database is
articulated around its own taxonomy of functional keywords. Three modus operandi
co-exist: identifying a verb corresponding to the challenge to solve, defining more
global concepts than the challenge to solve and going against the initial request.

3.2 Criteria of Assessment

With these different classes of tools identified, defining their objectives to picture an
ideal tool is now possible. In order to do so a list of criteria has been established.

Evaluation tools aim at assessing an initial situation and identifying problem(s).
Thus an ideal evaluation tool should: be able to analyze exhaustively the initial
situation; be able to analyze precisely and in details the initial situation; provide an
ideal situation to aim at; prioritize outlined issues in order for designers to know
which are the key sub-problems to solve first.

Abstracting tools, aim at modelling a problem. To fulfill this objective, from the
theoretical contribution point of view an ideal abstracting tool should: be able to
model complex problems in order to fit as much cases as possible; strongly integrate
different systemic levels to allow designers to model their problems precisely;
effectively filter information regarding its significance for the problem solving
process, to avoid overflowing designers with information they do not need;
establish a very strong access to the problem in a generic way in order to allow its
translation into a biological challenge; completely maintain specific constraints with
respect to the generated generic problem by avoiding an over-generification of the
problem which could lead to identification of biological models that do not solve
the original technical problem.

Transfer tools, which are involved in translating a technical problem into a
biological challenge and vice versa, imply idea generation. To fulfill this objective,
an ideal transferring tool should: point to an ideal unique solution only; be able to
strongly enlarge the designer(s) knowledge if necessary; allow the designer to
completely sub-modularize generated solution(s) to enhance versatility of the
generated concept; generate solution(s) with high level of inventiveness.
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A practical/operational point of view, in addition to the previous mentioned
criteria, was added to the experiment. Thus, an ideal tool: should be able to be
implemented in a very short time; could be used intuitively, without the need for
any training; should be as efficient as a stand-alone tool as well as in combination
with other tools; should be able to used in any scientific or industrial domain
without the need for adjustment; should have the same efficiency when used by a
single designer than by a group of designers; should facilitate the use of subsequent
tools by offering an up-stream support for their completion. These practical criteria
remain the same for every type of tools.

3.3 Experimental Protocol

The experiment has taken place in an industrial context. Bubble tree is a small
French company which commercializes temporary accommodation through pre-
mium eco-tourism solutions. Its “bubbles” are plastic film spherical structures held
by an air flow originating from a compressor. In their wish to provide more resilient
products, in order for them to stay longer at the same location, the bubbles needed
to integrate themselves in a more transparent way in their environment. Thus, a
biomimetic problem solving workshop has been set up. The workshop problematic
has been defined as: “How to dynamically manage fluxes of energy”.

The attending group consisted of equal numbers of problem-solving/technology
transfer experts and bio-inspiration experts.

Each use of tools was followed by an evaluation phase where its advantages and
drawbacks were assessed thanks to questionnaires. These questionnaires incorpo-
rate the theoretical and practical criteria mentioned in Sect. 3.2. Each question
corresponds to a single criterion. Replies are formalized in a 4 point Likert-type
scale. This evaluation phase was consensus-building oriented.

3.4 Experiment Results

In the ideal case the use of one single tool should be sufficient for the completion of
one process step.

Life’s Principles is presented as a tool that scores average on theoretical criteria.
Participants highlight the fact that they were taken aback by the criteria specificity
differences. Some assessment criteria, such as “chemistry in water” are very spe-
cific, preventing them from being relevant in every case. On the opposite side,
criteria such as “replicate strategies that work™ are very generic. Generic criteria
assessment implies putting them in perspective while specific criteria can be
directly assessed, requiring a certain amount of mental gymnastics to go from one to
another (Fig. 1).
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Lastly, participants put forward that despite providing an idealized vision for
every criteria, even if Life’s Principles include examples both in the biological and
in human design field, a global idealized vision is provided by the tool. This allow
Life’s Principles to formalize a goal to reach, specific to the tackled challenge, even
if they are generic.

Despite its subsystem/super systems integration, the 5 why’s tools did not
convince workshop’s participant on the theoretical side. Its lack of capacity to
abstract the problem induced the integration of another abstraction tool, System
Operator Tool, originating from TRIZ, in order for the experiment to continue
(Fig. 2).

While all participants mentioned the fact that they appreciated the use of Ask
Nature coupled with its Taxonomy, evaluation results do not seem to reflect it.
Raised comments and criticism involve its lack of descriptive text, the limited
completeness the solutions displayed and the lack of a ranking of the identified
solutions considering their relevance (Fig. 3).
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4 Conclusion

The article investigates how existing bio-inspired tool might address the need for a
problem-driven biomimetic process. From a designer point of view, Design Spiral
offers means to fulfill biomimetic problem solving step needs. Criteria displayed in
this article can be used as a benchmarking tool in order to compare tools originating
from this methodology with others that could have already been integrated by a
designer in his bio-inspired process.

With a respective average score of 1.75, 1.5 and 1.4, Living Principles, 5-WHy’s
and Ask Nature present a low theoretical rating. Looking at these evaluation results,
the Design Spiral methodology does not seem capable of serving as the core of a
bio-inspired process. During the experiment, options for improvement have been
identified. For example, the use of a scoring system instead of checkboxes could
serve two purposes. First, the measurement accuracy of the tool could be signifi-
cantly improved. Second, a designer would not have to ask himself if he should
check a box when a criterion is not fully addressed by the object of study. This
removal of certain ambiguities would lead to faster usage.

Nonetheless, tools addressed by the article are not devoid of interest or irrelevant
to bio-inspired design. The swiftness of the methodology and its ease of use,
coupled with its relative adaptability ensure that Design Spiral methodology could
be an asset for developing a bio-inspired design process in an industrial context.

Being the only available tools of the biomimetic toolset originating from the Life
Science field, and considering the need of bio-inspired approaches for interdisci-
plinarity, it thus seems important not to overlook the Design Spiral methodology
tools. Combining the assessed tools with tools from other methodology in order to
compensate their weaknesses, would allow designers to integrate both technical
engineers and biologists’ vision and language in a single approach. On the other
hand, methodologies coming from the engineering field, such as TRIZ which is
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described as a complex and rigid design method [17], could benefit from the
accessibility and convenience of tools from the Design Spiral methodology.

From a more general point of view, the article, and more specifically Table 2
coupled with the experimentation shed light on two facts. The first one is that
biomimetic designers are facing a current lack of means to identify potential bio-
logical models. Several tools using various methods exist, but do not seem to be
publicly available. The second statement is that a methodological gap exists. None
of the identified tools focuses on selecting the biological model of interest. These
two axes constitute a major challenge for the biomimetic approach democratization,
especially in an industrial context, as they could lead to a major improvement of the
overall biomimetic process.

Criteria displayed can, in a longer term, be used to assess the global biomimetic
toolset. To do so, other tools and methodologies presented in Sect. 2.2 will be
assessed with the same protocol in future work. Criteria would thus become a
benchmarking tool which allow the biomimetic designers to choose the right design
tools to fit their projects.
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Decision Uncertainties in the Planning
of Product-Service System Portfolios

Daniel Kammerl, Oliver Malaschewski, Sebastian A. Schenkl
and Markus Mortl

Abstract During the early phase of the product development process of future
Product-Service System (PSS) portfolios, the planning phase, solutions ideas are
generated and within a decision process the best ones are selected. In this phase, the
designer faces the challenge of making decisions under great uncertainty, because
many of these decisions have a great impact on the rest of the product development
but still with small knowledge of the product. In this paper we present a method for
depicting and evaluating the possible uncertainties as a decision support for com-
panies. By analyzing the interconnections between impact factors, decision criteria
and PSS-elements and their stability, the uncertainty of each decision criterion
related to a PSS-element can be calculated. This way, the designer can get a general
idea of the existing uncertainties and their relevance. As a basis for the method, the
important criteria regarding uncertainties in the early phase of the product planning
were analyzed by means of a literature research. This was followed by a preliminary
definition of the approach for evaluating decision uncertainties occurring
throughout the planning phase of Product-Service Systems. Finally, the approach
was evaluated by the application of the method in two case studies.

Keywords Product-service system - Decision uncertainty - Planning phase - Case
study

1 Introduction

Consumer behavior in industrialized countries changes rapidly: A customer no
longer buys a product itself, but wants to buy functionality, like mobility. Many
enterprises react to this development by changing their portfolio. They develop or
expand services to differ from their competitors and to enhance their products.
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For example car manufacturers offer the possibility to rent a car from a fleet which
is distributed within a municipal area. This so called car sharing offers the possi-
bility to rent and return a car on short notice and more location-independent in
contrary to using a car hire. In this case the manufacturer not only has to take care
of the product itself but also of the additional infrastructure and the service which is
needed to provide the offer. Concepts of integrated product and service offerings are
known as Product-Service Systems [1]. According to [2] Product-Service System
(PSS) can be thought of as a market proposition that extends the traditional func-
tionality of a product by incorporating additional services. When developing a PSS,
in the early phase of a product development process, each product planner faces the
problem that many decisions regarding the future product direction have to be
made. These decisions address for example the kind of elements which are mar-
keted as product and which as service. The challenge in making decisions in this
phase is that the product knowledge is insufficient, so there is a great uncertainty.
This is aggravated by the fact that changes in product properties get more expensive
the later they are made [3], so the decisions have to be made sophisticated. All
decisions that are not depicted or evaluated lead to a suboptimal development.
Decisions against the customer’s interests could be made because there is a great
variety of relevant information that cannot be gathered sufficiently.

In this paper a method for depicting and evaluating the possible uncertainties in
the planning phase of a PSS as a decision support for companies is presented. At the
beginning, the important criteria regarding uncertainties in the early phase of the
product planning were analyzed by means of a literature research. This was fol-
lowed by a preliminary definition of an approach evaluating decision uncertainties
occurring throughout the planning phase of Product-Service Systems. The approach
was evaluated by the application in two case studies. The first use case was a
student project in which an electrical bike sharing system was developed, and the
students had to document all the decisions they made. The second use case was
based on data of a PSS-provider offering pay-per wash.

2 State of the Art

In this section the elements of a decision process, the information necessary for a
decision as well as uncertainties and finally the challenges when planning a PSS are
described. So this section is the basis for the approach described in the next section.

While planning a PSS it is essential to make right, defensible and verified
decisions. Especially when decisions are made across organizational border, for
example in interdisciplinary PSS-development teams, they are very critical [4].
Possible consequences resulting from a wrong decision can cause immense damage.
The information which is necessary or has to be set for the actual decision covers
according to [5] and [6]:
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e Assessment criteria
e Relative weight of the criteria
e (Calculated value of each alternative relative to each criterion

Given a certain amount of alternatives, a decision process aims to select those
alternatives which are most compliant to the desired objectives. While planning a
PSS it is essential to make right, defensible and verified decisions. Consequences
resulting from a wrong decision can have great impact on the product and even the
company. As a support, the designer needs decision criteria to enable the decision.
They can be differentiated into internal and external criteria [7]. Internal criteria
come from the company, external ones come from the customer. In this paper
decision criteria are understood as factors leading a decider to a decision without
additional data.

Each designer phases the problem that decisions often have to be made with
great uncertainty. The lack of knowledge regarding the future behavior of a product,
the evolution of need, market and customer requirements as well as the change in
economic and political constraints and further factors pose challenges to the
designers. According to [8] uncertainties occur if the behavior in a process cannot
be determined. Some of the uncertainties can be described and quantified by means
of methods of risk analysis. But there are other ‘weak’ uncertainties which are not
measurable directly and in consequence cannot be quantified. Figure 1 shows the
model for depicting uncertainties which was defined by Sprenger and Anderl [8].

In this model each uncertainty causes an effect on a property or the behavior of a
human or a machine. This effect can be classified as known, not known or assumed.
If the latter is the case, the uncertainty cannot be analyzed or interpreted. Conse-
quently, the knowledge about uncertainties is very important to prevent the gen-
eration of unwanted or dangerous properties. If the effect is known, the probability
of the occurrence can be calculated by means of stochastic or further calculation
methods.

The uncertainties in the planning phase according to [5] can be seen in Fig. 2.
According to this model there are three layers which allow for identifying and

Effect
known unknown/
assumed
|| Probability |—
acceptably partially
qualified qualified
1
Stochastic i Estimated Unknown
Uncertainty Uncertainty Uncertainty

Fig. 1 Model for depicting uncertainties. Source [8]



42 D. Kammerl et al.

e
Uncertainty

Product structure

Legend

1: no/low mteraction
3: moderate mberaction
9. strong isteraction

Components

Lifecycle
Material i Production Distribution
Extraction Storage a Package A
Production Fabrication Storage
Conditioning Assembly Transport
Transport Transport

Further processing

Needed information Available information
Material Matenal
Cost Cost
Reusability Reusability

Mechameal properties Mechanical properties

Fig. 2 Uncertain impact factors on the planning phase. Source [5]

analyzing uncertainties. The first layer is the product structure layer. It contains
information about the individual subsystems or the components within a product
and their interconnections. In this layer the designer can see which components
influence each other, the certainty of this influence and whether there are inter-
connections which have not been taken into account so far. For calculating the
strengths of the interconnections within the components a matrix can be used. Here
the active and passive sum can be depicted as well the uncertainty of a component
and the influence on or the behavior of components while interacting with each
other.

The second layer depicts properties of the lifecycle, e.g. material, production,
sales, use and recycling. Here the environment, e.g. suppliers, customers, ..., plays
an important role. Reference [5] advice to use Life Cycle Assessment for consid-
ering the environment. The last layer is the information layer. Here the available
and the needed information for a holistic understanding of the system are in the
focus. Based on the result of the analysis of considered and available information
the uncertainty of a particular property within a product can be evaluated.

Signposting is a modeling framework which can support design process
improvement activities ranging from process description to simulation, automation
and use [9]. The approach considers design processes to be composed of discrete
tasks which are coupled by shared interactions with input and output parameters.
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A distinction is made between interactions that drive task selection and those which
inform task execution [10].

The analysis of the state of the art showed that there is no holistic modeling
approach for decision uncertainties to systematically address all aspects need.

3 Approach

In this section the description of an approach for evaluating decision uncertainties
occurring throughout the planning phase of Product-Service Systems is described. It
is a methodic approach for estimating uncertainties in the planning phase of a PSS
by depicting all PSS-elements, decision criteria and decision uncertainties. So, PSS-
elements with small uncertainties and regarding the decision criteria most important
for the enterprise can be detected and selected.

The approach consists of five main steps:

Identification of data relevant for the decision
Evaluation of the decision criteria
Calculation of the uncertainty sources
Calculation of the uncertainties

Depiction of the uncertainties

In the first step the information and data relevant for the decision have to be
identified. As a basis a detailed market analysis as well as a profound knowledge of
the strategic orientation of the enterprise is necessary. For determining the influ-
ences on a decision, the designer has a checklist containing a collection of uncertain
impact factors which can influence a product development. The checklist is pro-
vided within this approach and contains items from the fields of technology,
economy, competition, ... (e.g. amendments or innovations) based on [11]. Fol-
lowing, the decision criteria have to be determined. There are two peculiarities of
decision criteria, external and internal. Internal decision criteria are defined by the
business culture (e.g. frequency or probability of changes), whereas external ones
have to be identified by customer polls or interviews (e.g. market demand). The
same way relevant product and service elements can be gathered.

The identified uncertain factors are evaluated according to their stability in step
two. In this context stability is an indicator for the coherency between the proba-
bility of change of an uncertain impact factor and the company’s possibility to
influence the factor. The stability is rated according to a risk evaluation in the style
of a FMEA with 1, 3 and 9. A 9 stands for a high stability and with it a low change
probability or a high possibility for the company to actively influence or change it.
After that two Multiple-Domain Matrices are created where the uncertain impact
factors are opposed to the decision criteria and the PSS-elements. The influence of
the uncertain impact factors on the other domains is also evaluated with 1, 3 and 9.
The rating with 1, 3 and 9 offers the possibility to have a good distinction between
low, middle and high impact.
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Fig. 3 Uncertainty factors—decision criteria and uncertainty factors—PSS-elements matrices

In the third step the sources for uncertainty, the impact of the uncertain impact
factors on the decision criteria and the PSS-elements can be calculated. For this
purpose the weighted influence (WI) of each criterion is calculated by means of the
following formula:

WI = E * (10—8) (1)

WI = weighted influence
E = evaluation where E € {1, 3, 9}
S = stability where S € {1, 3, 9}

The value for the uncertainty is calculated by summing up all the weighted

influences of this element.

SU =X WI )

SU = Evaluation of the source of uncertainty

Figure 3 shows a scheme of the resulting matrices. With these matrices elements
with high uncertainty can be identified. Furthermore the matrices allow for a
qualitative sorting of the elements regarding their uncertainty.

In the fourth step the uncertainties resulting from linking the decision criteria to
PSS elements can be deduced from the prior calculations. Besides the value of
uncertainty is normed to a scale from 0 to 100 with following formula:

U = [XSU(e;) * ZSU(c;) — min(Mat(e, ¢))]/[max(Mat(e, c)) — min(Mat(e, c))] * 100

3)



Decision Uncertainties in the Planning of Product-Service ... 45

U = Uncertainty
SU(e;) = Source of uncertainty PSS-element
SU(n;) = Source of uncertainty decision criterion

A scheme of the resulting matrix can be seen in Fig. 4.

In the last step the matrix is converted into a three-dimensional diagram, see
Fig. 5. The length of the bars symbolizes the qualitative peculiarity of the uncer-
tainties. The corresponding axes show the combination of decision criterion and
PSS-element leading to the uncertainty. Thus, the combination of PSS-element 1
and criterion 3 leads to a high uncertainty (long bar), whereas the combination of
PSS-element 3 and criterion 1 leads to a low uncertainty (short bar).

The approach was applied on two case studies, the development of an electrical
bike sharing concept within a student’s project and existing data of the development
of pay-per-wash concept. The application proved that PSS-elements with high
uncertainty as well as decision criteria affected by great uncertainty can be iden-
tified. The approach also allows for finding PSS-elements with a low uncertainty
which are influenced by a small amount of uncertain impact factors. These elements
can be integrated into the future product without great risk. Besides, it became
apparent that the approach generates the highest value in the early phase of a

Fig. 4 Decision criteria—

PSS-element matrix PSS-elements
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criteria
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development process. Finally, we state that this approach should not provide a firm
value, which characterizes the point at which the uncertainty in the decision process
is too great. It just gives transparency of the existing uncertainties. For this task, the
approach could be applied successfully. But in the end each company has to decide
if the calculated uncertainty is acceptable or potential for improvement is present.

4 Discussion

In conclusion, it is never possible to depict all uncertainties comprehensively, so the
right selection of the elements in the focus is very important. Thus, the designer has
to choose the system boundary very carefully. Furthermore, not all influences can
be manipulated or foreseen by the company, because they are random. Neverthe-
less, this approach offers assistance for depicting a plurality of eventualities and
allows the decider to depict possible uncertainties qualitatively.

The approach offers a great degree of freedom and thus it is applicable on
manifold subject areas. The method is not based on statistic calculations, so each
company can decide which influences and decision criteria are rated as critical or
notable. The given list of impact factors does not claim to be exhaustive. It is only
an example for possible influences. The decider can and must adjust it to the current
situation.

It should be noted that the evaluation is subjective, because humans are
involved, so it is only a qualitative comparison that can provide different results
depending on the decider. This situation is aggravated by the fact, that it can be
difficult to relate PSS—elements and decision criteria with impact factors. The effect
on each other not always is well-known. To minimize the subjectivity, an assiduous
and extensive analysis of the relevant data has to be performed in advance.

Still, this approach can deliver an overview and a comparison of the emerging or
remaining uncertainties and in this way support the decision process. In addition,
the decider can be made aware if the decision has to be reviewed and in this case
where to start searching for further information.

5 Conclusion and Outlook

In this paper an approach for depicting decision uncertainties occurring throughout
the planning phase of Product-Service Systems was presented. Furthermore, a
framework of impact factors, decision criteria and PSS-elements relevant for
decision processes was explained. The results of a literature review were combined
systematically for developing an approach for depicting uncertainties in a decision
process. The first step of the approach is the determination of all relevant data. They
include results of market analyses, the definition of company specific criteria which
are relevant for decisions and the evaluation of the stability of the uncertain impact
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factors. In the second step two multiple-domain matrices are generated. Thereby the
uncertain impact factors are opposed to decision criteria and PSS-elements and are
evaluated with a progressive point scale. In the following the weighted influences
for each factor can be calculated by combining them with the stability. By summing
up the weighted influences for each decision criterion and PSS-element over all
uncertain impact factors the sources of uncertainty can be calculated. They can be
translated into a further matrix and the characteristic numbers can be calculated by
multiplying each PSS-element which each decision criterion. In the last step for
better comparability the results are converted into a three-dimensional graphic. The
relevance and validity of the approach was evaluated by applying it to data of a
student project and an industry partner.

For minimizing the risk for companies offering PSS, it is necessary to examine
uncertainties occurring throughout the planning process more explicitly. A more
detailed listing of uncertainties in a decision process can help minimizing the risk.
Especially a model offering recommendations for selecting the criteria which are
taken into account when making decision would be helpful. This is necessary for
putting the maximum focus on the most important criteria and neglecting the less
important ones. The depiction of uncertainties occurring only in certain target
markets could be depicted and more time could be spent on the actual product
development. Furthermore uncertainties could be reduced if there was a possibility
to determine the sources for these uncertainties, so arrangements for reducing these
uncertainties should be developed. A first step to minimize the influencing factors
which yet has not been taken into account is human emotion. Questions which have
to be investigated are: How decisions change if emotions come into play? How can
these be depicted or how can their influence be minimized? Finally, the goal is to
eliminate as much influences as possible.

Acknowledgments We thank the German Research Foundation (Deutsche Forschungsgemeins-
chaft—DFG) for funding this project as part of the collaborative research centre “Sonderfors-
chungsbereich 768—Managing cycles in innovation processes—Integrated development of
product-service-systems based on technical products”.

References

1. Schenkl, S.A., et al.: Managing cycles of innovation processes of product-service systems. In:
2013 IEEE International Conference on Systems, Man, and Cybernetics (SMC). IEEE (2013)

2. Baines, T., et al.: State-of-the-art in product-service systems. Proc. Inst. Mech. Eng. Part B
J. Eng. Manuf. 221(10), 1543-1552 (2007)

3. Ehrlenspiel, K.: Integrierte produktentwicklung: Denkablaufe, methodeneinsatz, zusammenarbeit.
Hanser Verlag (2009)

4. Jupp, J.R., Eckert C., Clarkson J.: Dimensions of decision situations in complex product
development. In: DS 58-3 Proceedings of ICED 09, the 17th International Conference on
Engineering Design, vol. 3, Design Organization and Management, Palo Alto, CA, USA,
24-27 Aug 2009



48

10.

11.

D. Kammerl et al.

. Kota, S., Chakrabarti,A.: A Method for Comparative Evaluation of Product Life Cycle

Alternatives under Uncertainty. 2007

. Roozenburg, N.F., Eekels, J.: Product design: fundamentals and methods, vol. 2. Wiley,

Chichester (1995)

. Schenkl, S.A., et al.: Deploying decision criteria in a cyclical decision process for the product

planning phase. In: Lindemann U., et al., (ed.) 19th International Conference on Engineering
Design 2013 (ICED13), Seoul, Korea (2013)

. Sprenger, A., Anderl, R.: Product life cycle oriented representation of uncertainty. In: Product

Lifecycle Management. Towards Knowledge-Rich Enterprises, pp. 277-286. Springer, Berlin
(2012)

. Clarkson, P.J., Hamilton, J.R.: ‘Signposting’, a parameter-driven task-based model of the

design process. Res. Eng. Des. 12(1), 18-38 (2000)

Wynn, D.C., Eckert C.M., Clarkson P.J.: Applied signposting: a modeling framework to
support design process improvement. In: ASME 2006 International Design Engineering
Technical Conferences and Computers and Information in Engineering Conference. American
Society of Mechanical Engineers (2006)

Langer, S., Lindemann U.: Managing cycles in development processes-analysis and
classification of external context factors. In: 17th International Conference on Engineering
Design, Design Society Stanford University, California, USA (2009)



The DSM Value Bucket Tool

Bernard Yannou, Romain Farel and Francois Cluzel

Abstract The Dependency Structure Modelling Value Bucket (DSM-VB) tool is
integrated to Radical Innovation Design (RID) methodology for exploring the front
end of innovation in need seeker mode. The determination of value buckets has
been automated by matrix representations of dependencies between problems or
pain points, usage situations and existing solutions. Three matrices are built along
the problem setting stage of a RID process. The first matrix expresses which
problems occur during usage scenarios, the second how much existing solutions
cover problems and the third how much existing solutions are useful in usage
situations. Combining these three matrices results in a matrix of value buckets as
being the combinations of important problems occurring during characteristic usage
situations and for which few existing solutions are useful or efficient. This outcome
allows to perform focused creativity workshops and to result in “blue ocean”
innovations with high likelihood to be successful on the market.

Keywords Radical innovation design - RID methodology - Front end of inno-
vation - Need seeker innovation - Value bucket - Dependency structure modelling

1 Introduction

The Dependency Structure Modelling Value Bucket (DSM-VB) is a tool integrated
in the Radical Innovation Design (RID) methodology. RID is a structured process
for exploring the front end of innovation in need seeker mode. Indeed, the problem
setting stage starts with re-expressing the ideal need to set the issue playground—
for usefully thinking in the box—in which two worlds are addressed: the world of
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problems or pain points and the world of situations or usage scenarios. The two
spaces—problems and usage scenarios—are populated with real world situations.
For this purpose, some modeling techniques as causal graph representations and
persona method are used. Then, a first “ideal performances matrix” of the DSM-
value-bucket tool allows to cross problems with usage scenarios to express in which
usage situations people are subject to pains. Next, existing design solutions—
commercial solutions or patents—are identified and their coverage of the two
spaces is modeled. Here the DSM-value-bucket tool proposes to represent the
coverage effectiveness and efficiency of both problems and usage scenarios by two
appropriate matrices: the Solution-Problem matrix and the Usage-Solution matrix.
Multiplying both matrices allow to come up with the likelihood for the existing
solutions to satisfactorily answer to one problem arising during one usage scenario.
Subtracting this matrix with the “ideal performances matrix” results in a final “value
buckets” matrix highlighting which problem is worthy to be addressed in an
innovation project. The last step of the RID problem setting stage is to select a
subset of opportunistic value buckets to further address in the problem solving
stage, so as to ensure to perform radical innovation on “blue ocean”—i.e. not yet
explored—usage and problem situations. The DSM value bucket tool has been
successfully applied on more than 20 company innovation projects for 5 years. In
this paper, the DSM value bucket tool is illustrated on the search for radical
innovations for a handitennis wheelchair of a champion. Two important value
buckets are detected as determining to improve the likelihood to win of the
champion. It is then showed that creativity workshops starting from these two value
buckets have led to several convincing innovations. The DSM value bucket tool
opens the way of automating the radical usage-driven innovations along with a
systematic investigation and representation of problems or pain points and usage
scenarios.

2 Exploring the Front End of Innovation

Boston Consulting Group has stipulated that firms follow at least one of three
innovation strategies: Need Seeker, Market Reader, Technology Driver, depending
on the focus put on the customer, the market or the technology. Booz and Company
(see [1]) defines them as follow:

e Need Seekers, such as Apple (US), Dyson (UK) and Oxylane (France), make a
point of engaging customers directly to generate new ideas. They develop new
products and services based on superior end-user understanding.

e Market Readers, such as Hyundai, Caterpillar and Loréal, use a variety of means
to generate ideas by closely monitoring their markets, customers, and compet-
itors, focusing largely on creating value through incremental innovations.

e Technology Drivers, such as Google and Bosch, depend heavily on their
internal technological capabilities to develop new products and services.
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After a recent Booz and Company study (see [1]), following a Need Seekers
strategy offers the greatest potential for superior performance in the long term.
These companies are effective at both the ideation and conversion stages of inno-
vation and they consistently outperform financially.

Being predominantly Need Seeker is not easy; it can be made by two ways:

e Using lead-users (see von Hippel [2]), their insightful refreshing ideas and
dreams and their testimonies on usage and pain points. This is the case of
Oxylane company in France—sport equipment and outdoor.

e Having a visionary leader like Steve Jobs (Apple) or James Dyson (Dyson), the
company growth and the number of product references being limited by the
imagination and control power of a single brain.

There is thus a need for a methodology investigating growth territories or
strategic value niches for generating disruptive innovations beyond current cus-
tomer expectations and in a cooperative and multidisciplinary manner and a secure
way. After Motte et al. [3], it can be done thanks to an adapted organization and
special methodologies and processes. In terms of organization, Millier [4] insists on
the necessity to manage antagonism and balance between exploration and exploi-
tation of new idea territories. Christensen [5, 6] say with different words that for
succeeding disruptive innovations, companies must not put too much emphasis on
customers’ current needs, and work on how to adopt new technologies or business
models that will meet customers’ unstated or future needs. In terms of methodol-
ogy, Christensen [5, 6] proposes the jobs-to-be-done concept and defines it as “a
[framework which is a tool for evaluating the circumstances that arise in customers’
lives. Customers rarely make buying decisions around what the “average” cus-
tomer in their category may do—but they often buy things because they find
themselves with a problem that they need to solve. With an understanding of the
“job” for which customers find themselves “hiring” a product or service, companies
can more accurately develop and market products well-tailored to what customers
are already trying to do”. For this and other works on innovations, Clayton
Christensen has been designated as the most influential management thinker in the
world (see The Washington Post paper [7]). Ulwick [8] has extended it in a prin-
ciple of design-outcomes segmentation instead of a conventional a priori customer
segmentation.

Inspired by these ideas, Yannou et al. [9] and He et al. [10] have adapted this
user-centered perspective to model the market demand model in a design engi-
neering platform through the representation of usage contexts. It has been called the
Usage Context Based Design (UCBD). Next, Yannou et al. [11] have proposed the
Design by Usage Coverage Simulation principle for evaluating with coverage
indicators how much a new product or product family [12] may cover in a dominant
way a number of usage scenarios characteristics of the targeted user/consumer
group. Proceeding that way, they show that innovative designs may be proved to be
dominant—i.e. ranked first because performing better—on a subspace of usage
situations; these designs are then naturally in a “blue ocean” (after Kim and
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Mauborgne [13]) which is almost a guaranty of success when launching an inno-
vative offer.

Beyond design analysis, these principles have been applied to be the core
principle of an innovation methodology in need seeker mode, namely Radical
Innovation Design® (RID).

3 The RID Methodology and Process

Albert Einstein said “If I had an hour to solve a problem and my life depended on
the solution, I would spend the first 55 min determining the proper question to ask,
for once I know the proper question, I could solve the problem in less than five
minutes”. Following that maxim, Yannou et al. [14] structured the RID process in
two macro stages of problem setting (see Fig. 1) and problem solving (see Fig. 2).
Radical Innovation Design® is a methodology because it is based on (1) structuring
principles, (2) a stage-and-gate process (see also [15—17]) very detailed in the early
problem setting like Cooper suggested in [18], (3) a list of 9 expected templated
deliverables along the process, (4) two computerized tools such as the DSM-Value-
Bucket tool described in the present paper and the UIPC-monitor tool [19], (5)
already several successes in company contexts since after RID innovation projects
with 20 companies, several innovations are being to be launched on the market.

The goal of RID methodology is to maximize the potential value creation inside
a legitimate design perimeter called ideal need. RID is a systematic exploration/
exploitation process of value creation opportunities through a series of stages
making the inventory of usage situations (or scenarios) and pain points (or prob-
lems) users may live. RID uses at the same time 3 perspectives:
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e The perspective of an economist: design is considered as a probabilistic theory
of value creation,

e The perspective of an industrial designer: design starts with the know-how for
observing users—their usages, pain points, needs...—and inventing new
usages,

e The perspective of a design engineer: knowing how to measure utilities to
create, gather evidences and bring serious proofs of concept using the most
adequate technologies.

Yannou et al. showed in [14] that the more the design team completes the
successive RID deliverables, especially in problem setting, the most likely the
innovation outcome is to be successfully launched on the market. To that aim, they
use a monitoring with four proofs to consolidate along the design process: Utility,
Innovation, Profitability and Concept, this is the UIPC model described in [20].

The problem setting starts with the reframing of the initial idea submitted by the
innovation project initiator into an ideal need. Let us start with the example of need
seeker innovation on the wheelchair of a handitennis champion—example free of
confidentiality rights. It has been the actual innovation project initiated by a 22 year
old handicapped female student who is nearly ranked 30th in the world ranking and
who wants to win in Rio-2016 Paralympic Games. She came with the initial idea of
“to lighten at most her handitennis wheelchair”. Such a goal would have led to a
carbon fiber high tech wheelchair. Making lighter the wheelchair is not an objective
in itself; it has been reframed into the following ideal need: “to be performing on
every tennis point in every game situation”. This ideal need is a “box perimeter”
inside which investigation must be pursued at its extreme limit. Contrarily to most
of people about creativity, the authors do not believe that “thinking outside the box”
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is the must, but it is more efficient to “thinking inside the box, providing the box is
large enough and well defined”.

Continuing with RID process, two worlds are investigated concurrently within
the ideal need perimeter (see Fig. 1):

e The world of problems. It consists in inventorying, quantifying and causally
ordering the miscellaneous pain points, counter-performances, dissatisfactions,
needs, that users may experiment.

e The world of situations. It consists in inventorying, qualifying and sizing the
usage situations that users live and in which problems occur with more or less
intensity.

Defining the real world consists in building a causal graph (of problems) and a
usage scenarios space of characteristic usage situations (see Fig. 1). Next, as
existing solutions may partly cover problems in usage situations, a covered cau-
sality graph and a covered usage scenario spaces are derived from the careful
analysis of the conditions (usage scenarios) and effectiveness/efficiency of service
delivery (problems/pain points more or less relieved). Next, in the final targeting
stage of problem setting, a list of weighed value buckets are derived as being the
combinations of important problems occurring during very characteristic (frequent)
usage situations and for which few existing solutions exist or are really effective/
efficient. From this list of value buckets, a perimeter of ambition is defined by the
project team, including (a) a subset of relevant value buckets, (b) other (prob-
lems % usage-situations) currently covered by existing situations but that consumers
consider as “must have”, (c) these previous choices being compatible between them
and with the present offer portfolio and customer segmentation of the company
(represented by “business logics” in Fig. 1).

4 Building and Covering the Causal Graph of Problems
and the Usage Scenarios Space for the Handitennis
Wheelchair

The determination of value buckets has been partly automated by a matrix repre-
sentation of dependencies between problems, usage situations and existing solu-
tions and by a computational mechanism leading to the DSM-Value-Bucket tool.
This approach and tool may be affiliated to Dependency Structure Modelling
approaches [21].

In Fig. 3, the causal graph is represented as causal paths leading to point loss
problem and it is further graphically covered by four existing solutions. Here, some
modeling techniques of causal graph representations are borrowed from the system
dynamics practice (see for instance [22]). For simplicity, we only retain 4 problems
out of 16, namely: time loss (moving), injury of the racquet hand, loss of ball power
and extended tiredness during the match.
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In Fig. 4, a graphical tessellation of typical usage situations during a match is
represented. Proximity of two usage situations means a high probability of time
precedence (or in other cases, proximity of user types). For simplicity, we only
retain 4 usage scenarios out of 8, namely: serve, shot in move, ball receiving and
start moving to hit ball.

Practically, a pre-screening of problems is made and a first version of the causal
graph of problems sketched. Next, the list of typical usage situations is established
and for each usage situation an observation protocol is designed and followed to get
a deep understanding of the pains/problems possibly occurring in this usage situ-
ation, for measuring them (frequency, repeatability, importance, consequences) and
carrying out a root cause analysis. It goes far beyond the classical personas method
storyboarding usage situations with weak rationale of the situation representativity
and no measurements of pain points. For instance, here, the serve situation has been
carefully studied: gestures have been recorded and analyzed, ball speed has been
measured as well as serve accuracy, ability to serve aces, double faults rate. In
addition, it has been observed that a back and forth translation as well as a rotational
twist of the wheelchair occurred during the serve. It is obviously due to the
translational freedom of the four wheels and the rotational freedom of the two caster
wheels. An additional investigation in root causes led to experiment the gains to
block the four wheels during serve (+30 % in ball speed) or to only block the
rotation of caster wheels (+20 % in ball speed).
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5 The DSM Value Bucket Mechanics

The determination of value buckets has been automated by matrix representations
of dependencies between problems, usage scenarios and existing solutions. Three
matrices A, B and C are built along the problem setting stage of a RID process
described in previous sections. The first matrix A (see Fig. 5) expresses which
problems occur during usage scenarios, the second matrix B how much existing
solutions cover problems and the third matrix C how much existing solutions are
useful in usage situations. Combining these three matrices results in a matrix E of
value buckets as being the combinations of important problems occurring during
characteristic usage situations and for which few existing solutions are useful or
efficient.

Matrix A is named the “Ideal performances matrix” and links problems (col-
umns) and usage scenarios (rows) with an intensity scale from O to 5 for expressing
how much (or often) a problem occurs in a usage scenario. The meaning of the
intensity scale is {0 = null; 1 = weak; 2 = moderate; 3 = average; 4 = important;
5 = very important}. For instance (see Fig. 5, matrix A):

e The racket hand injury mainly occurs when the player starts moving, pushing
with her hand to propel the wheelchair, grasping the racket and the hand rim at
the same time.

e There is an important power loss during serve due to an uncontrolled twist of the
wheelchair.
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Fig. 5 The DSM Value Bucket data streaming and computation mechanics (refer to Fig. 1)

Matrix B is the “(solutions X problems) matrix” and expresses the relevance of
an existing solution for a given problem with the same qualitative scale from null
(0) to very important (5). For instance (see Fig. 5, matrix B):

e The ergonomic hand rim is very relevant for avoiding racket hand injury.

e The ergonomic hand rim also partly avoids time loss.

e Both the back posture system and the manual lever are good for relieving the
generalized tiredness.

Matrix C is the “(usages X solutions” matrix” and expresses the relevance of an
existing solution in a given usage scenario with the same qualitative scale from null
(0) to very important (5). For instance (see Fig. 5, matrix C):

e The manual lever is very efficient during start moving situation and moderately
during shot in move.
e The back posture system is efficient during the serve situation.

At this stage, an “Intrinsic Value Buckets matrix” D is computed as the sub-
traction between the “Ideal performances matrix” A expressing importance of
problems to solve in usage situations and the matrix multiplication C x B
expressing the average relevance of existing solutions in (usage, problem) cases. Of
course, this difference is normalized to get each number at both sides of the sub-
traction comprised between 0 and 1. Moreover, one introduces a “bucket filter” BF,
a real number comprised between 0 and 1 and being 0.5 by default, to eliminate the
least important (usage, problem) cases, following formula (1).
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VB = Max[0,— 2 _ 5« BF x — DI (1)
v 7Man1 (Akl) Manl(CBk1)

Finally, the importance of problems (relatively to the ideal need) and the size of
usage scenarios are assessed, again through the O to 5 intensity scale (see Fig. 5, size
and importance introduced in the surroundings of matrix D). The rationale for
weighing problem importance and usage size must be captured. The RID frame-
work encourages keeping the traceability of exploration/exploitation and decision
making. For instance, the logic for justifying the problem importance may be:

e Ball power loss and time loss moving should be importantly improved in the
champion play.
e Tiredness and hand injury are second order issues for the champion play.

The rationale for justifying the size of usage scenarios may be the scenario
frequency (comparing the number of times serving and shooting in move) and of its
importance for winning a point (80 % of serves in handitennis are winning points).

A last “Normalized value buckets matrix” E is computed to augment intrinsic
value buckets with importance of problems and size of usage scenarios, following
formula (2).

NVBj; = IVB;; x size; x importance; (2)

Two important value buckets are revealed for the handitennis wheelchair project;
their matrix coordinates are (1,2) and (3,2) (see Fig. 5). The designer team is asked
to verbally interpret them and they come up with these natural justifications:

e Value bucket #1 (1,2): The loss of power during serve is partly due to the
(observed) wheelchair twist.

e Value bucket #2 (3,2): The champion player is late on the position for receiving
the ball, and consequently she returns the ball with power loss; this is due to her
right hand grasping the tennis racket and at the same time moving the wheel.

6 Validation and Discussion

For briefly illustrating the relevance of such fine interpretations of revealed value
buckets, we invite the readers at looking at the two-stage ideation process starting
from the value buckets in Fig. 6 and at the fruitful outcomes of this ideation process
in Fig. 7 (comments of these outcomes are out of the scope of this paper).

RID methodology may be somewhat compared to known innovative design
methodologies like TRIZ, QFD or axiomatic design and design thinking. Compared
to TRIZ, RID uses a causal graph for representing the problem structure whereas
comparable substance-fields representations in TRIZ are used for representing
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imperfect solutions. In the same manner QFD and axiomatic design may be used to
represent the propagation of the voice of the customer into the product components
and design parameters, but little is done to characterize the problem opportunities
especially in the light of what the other existing solutions use to efficiently perform
or “cover”. Finally, RID demonstrates that it exists other ways than the design
thinking prototype-and-learn experimental loop, being a more rational manner to
investigate need-seeker problems.
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7 Conclusions

The authors have proposed a method for structuring and automating the discovery
of value buckets during the front end of need seeker innovations. The interest of
need seeker innovations have been revealed by people like Christensen [5, 6] and
Ulwick [8] but no one before had implemented these ideas in a design engineering
process. The DSM Value Bucket tool was designed two years ago and has already
been applied successfully to 14 innovation projects with 10 private companies, plus
the “handitennis wheelchair project” presented in this paper (for the reason the
authors have no non-disclosure agreement). The DSM-VB is a master-piece of the
Radical Innovation Design® methodology. Future works will validate the relevance
of the most rated resulting value buckets to the light of launching disruptive
products after opinion of lead users.
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Development of Creativity Through
Heightening of Sensory Awareness

N. Divya

Abstract In this era of innovation, it is pertinent that our future designers be taught
to think and act creatively. However, our design graduates who are highly
knowledgeable in the content area do disappoint when it comes to complex creative
thinking. The remedy begins with the creation of a pedagogical model that
emphasizes on the inherent development of creativity as opposed to teaching it as
an application skill. This paper focuses on an experimental study conducted fol-
lowing one of Leonardo DaVinci’s seven principles—Sensazione (heightened
awareness of senses), as a method of enhancing creativity. An evaluation of the
creativity of randomly selected graduate level design students using the Test of
Creativity-Drawing Production (TCT-DP) before and after exposure to a series of
sensorial exercises illustrate how heightened awareness of senses increases crea-
tivity while establishing the scoring dimensions of the TCT-DP as a holistic method
for assessing creativity.

Keywords Creativity - Design education - Sensorial activities - Creative thinking

1 Introduction

‘Creativity in education’ is the buzzword trending in education circles today where
more and more educators are looking for ways to teach creatively and teach creativity.
Ironically, in an industry like design, that thrives on innovation; teaching and learning
how to think creatively has been pushed behind, to make room for core content and
practical skill development. As a result, Indian design graduates are not fully
equipped to cater to the market like their international counterparts and are often
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forced to go abroad for this exposure to creative thinking and living. Hence filling up
this gap with creativity focused high value education is the need of the hour.

In the past, creativity was often confused with inborn genius, was considered to be the
prerogative of a fortunate few. It was envisaged to be a natural trait that did not require
training. Creativity, in truth, is the synthesis of two harmonious processes—Creative
thinking (generation of a multitude of ideas) and critical thinking (evaluation of ideas and
implementation of those that are considered most suitable to solve the problem at hand) and
includes divergent production and insight [11]. Thus in this the fast changing world which
functions on cross pollination of ideas and multi domain management, it is imperative that
we teach creativity as a vital life skill.

The concept of teaching creativity is not new and has been around since E. Paul Torrance,
who advocated that it was skill-specific, requiring intentional instruction [14]. Models to
teach creative thinking, like Osborn-Parnes program do exist, however, these models center
on teaching creative thinking as an application skill (like mathematics) providing a structure
or a formula as opposed to treating it like a core skill (such as language) that has to acquired.
As a solution, this paper recommends a human centered model that relies on heightening the
awareness of sense—response reaction to stimuli to enhance creativity. The significance of this
paper is that it also points to an effective assessment method that can be utilized by the design
educators to record, study and analyze student creativity and its response to sensory exercises.

1.1 Sensory Awareness and Creativity

Sensory awareness is the ability to receive and differentiate sensory stimuli that can
be perceived by the auditory, tactile, visual, gustatory, proprioceptive, and vestib-
ular systems in our body. Though the function of sense organs cannot be controlled
beyond an extent, they can be trained to detect certain productive stimuli that might
otherwise go unnoticed. Our pattern of response to the stimuli can be modified to
bring about desired response through awareness and conditioning. This experience
of exploring, freeing, and deepening one innate potentials can, if followed through,
can have far-reaching creativity inspiring consequences in all spheres of life [1, 6].

Sensazione or heightened awareness of senses is the process of continual refinement of the
senses, especially sight, as the means to enliven experience. Almost all our indulgences
from sporting clothes in various colors and materials to trying out a new cuisine; from
wearing perfume to listening to music, revolve around this need to not just satisfy, but also
heighten our senses [5].

Great Artist, poet, sculptor, musician, inventor and engineer Leonardo Da Vinci lived by
this principle of Sensazione. His life’s motto was saper vedere (knowing how to see) upon
which he built his work. He believed that, refining sensory awareness was the key to
enriching life experience. He painted exquisitely by observing the minutest of details,
played music and listened to silence, kept fresh flowers in his room, used perfume,
introduced crafted meals in the west and proved time and again how this heightening of
senses increased his creativity. Yet Leonardo reflected sadly that the average human ‘looks
without seeing, listens without hearing, touches without feeling, eats without tasting, moves
without physical awareness, inhales without awareness of odour, and talks without think-
ing’. His assessment, centuries later, reads as an invitation to improve our minds and
experiences to be a more creative, more intuitive and a more developed person [5, 10].
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Sensazione can be pursued by handling different materials and textures, purposeful lis-
tening to sounds of varying intensity while feeling the mood or emotions evoked by them,
tasting a new cuisine or flavour and learning to describe a smell or a taste. Writing or
drawing a description of everyday scenes, practice of voluntary synesthesia and being
surrounded by beautiful sense stimulating objects also helps in increasing one’s sensitivity
to sensory stimulations. According to Da Vinci, the stimulations themselves do not matter
as much as ones awareness of them [5, 10].

The premise of this paper is not that this tool would enable students to become a genius like
Da Vinci, but the fundamentals of his approach to learning and the cultivation of intelli-
gence can be abstracted and applied to inspire and guide young minds toward the reali-
zation of their full creative potential.

1.2 Teaching and Assessing Creativity

The Da Vincian Principles summarized by Michael Gelb state that it is possible to
relearn creativity and curiosity as adults, when driven by desire to know, to learn,
and to grow. Unlearning myths that confine creativity and curiosity to the ‘gifted’
domain and opening up to new experiences can increase creative thinking and
learning. Being more aware of one’s senses while actively processing sense—
response reactions can open up new ways of thinking, of processing found
knowledge and taking holistic yet creative decisions [1, 5].

While we may have the tools to teach and assess content, creativity is another matter.
Educators sometimes shy from assessing creative thought for fear of inhibiting students, or
assess it very strongly based on their own perception of the subject at hand, distinguishing
the output as right and wrong or good and bad. Thus developing a curriculum tool that
enables teachers to enhance the creativity of their students and asses it with regard to
relative quality and not necessarily quantity becomes vital. Such a tool should provide the
required flexibility to adapt to various classroom situations, individual differences and
should lay out insightful, solid, and elaborate understanding of the student’s creativity
ability, fluency and originality [12].

The Limitations of existing tools prompted Urban and Jellen in 1986 to develop their
instrument, the “Test zum schopferischen Denken—Zeichnerisch (TSD-Z)” or “Test for
Creative Thinking-Drawing Production (TCT-DP)”, a simple culture fair drawing test that
can be used to test the creativity of any age group, independent of their educational
qualifications and nurture. It applies a holistic and gestalt-oriented approach to creativity
analysis by pursing a 14 point scoring dimension that comes to a total of 72 points. The
dimensions are Continuation, Completion, New elements, Connections between fragments,
Gestalt—Connections made to produce a theme, Boundary breaking that is both fragment
dependent and independent, Perspective, Humor and Speed. It focuses on Unconvention-
ality, as the sum of four processes—(a) manipulation of the material, (b)inclusion of sur-
realistic, fictional and/or abstract elements, (c) usage of symbols or signs and (d)
Unconventional use of given fragments with negative marking when fragments are used to
draw conventional images [16, 17].

This test and its scoring dimensions have been around for more than two decades; none-
theless it is used only during entrance exams and is almost nonexistent in classroom
evaluations. This research uses TCT-DP as it enables a holistic understanding of student
creativity and its development without any ambiguity.
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2 Literature Review

The India report (1958) by Charles Eames and Ray Eames, defined the underlying
spirit of NID and beginning of design education in India, by recommending an
education of creative ideas rather than training [4]. Ruggiero, in the “Becoming a
Critical Thinker” [11] discussed how inculcating creativity in students is one of
prime pedagogical goals of a 21st century educator. Study of works [13, 15] list
Creativity to be the foremost transferable skill that is expected out of Design and
arts students in the industry and those of [14, Garett (2011)] affirmed faith in the
fact that creativity could be taught and learnt and improved upon with practice [12—
14]. The study, Barriers to Creativity in Education (2012-2013) found that 70 % of
educators believe they can do more to teach creativity provided they are more
equipped with tools and techniques [2]. Upon researching for probable creativity
enhancing methods, the work of Micheal Gelb on “How to think like Leonardo Da
Vinci” [5] that spoke in depth about Da Vinci’s seven principles for creative genius,
made an impact. Dr.Shade’s effort in converting the first principle curiosita into a
standard teaching tool—the “Curiosita teaching program—CTP” [12] established
that exercises derived from the other principles too, could also be used to teach
creativity. On close examination of each of the seven principles, sensazione
emerged as the frontrunner owning to its simplicity in conception and application.

A review of Dissanayake’s “What is art?”” showed how arousal or intense emotion through
aesthetic experience is pleasurable or satisfying as these emotions make us feel alive and
engaged with the world, increasing not only our chances of survival but also our quality of
life [3]. Gregory [6] in his Eye and the Brain has offered a remarkable amount of thought on
how sensations (qualia) affect creativity. Explaining how keen development of senses play
an important role in the increase of creative and complex thinking Gregory, illustrated that
exposure to various stimuli, notably sensory, the performance of the average human brain
improves by making increasingly complex new connections [6]. The study of perceptions
by Helmhotlz indicated how our perceptions of sensory stimulation affect cognitive
thinking. In the premise of Gestalt theory, problem solving by insight becomes possible
(Koftka, Wertheimer, and Kohler), where perception is the product of complex interactions
among various stimuli [7]. Montessori [8] believed that sensorial experiences began at birth
and the child needs to be a lifelong sensorial explorer whose own experiences contribute to
the increase in creative aptitude [8]. Despite the popularity of the Montessori Method of
education in India, such sensorial exercises do not receive their due in higher education and
students from regular school systems stay unaware of their potential. Sadly, even curric-
ulum inclusions like material handling, field studies or art appreciation (included for the
very purpose of sense stimulation) often get viewed as mere accompaniments to core
content. Gelb’s immense research on the principles of Leonardo Da vinci to enhance
productivity of professionals at the workplace forms the backbone of this study and is based
on his recommendation to study the effects of sensory stimulations to increase creativity in
educational setup.

Designing research methodology for this kind of activity and population called for a
Quantitative oriented experimental study [9]. In terms of statistical tests, it was found that
experts have not advised complex procedures like structural equations or hierarchical liner
modeling for an investigation at this stage, but a paired T test or ANACOVA. A simple yet
culture fair test instrument with specific scoring points was found in Urban and Jellen’s
TCT-DP, a test with high validity and interrater relaibility which has been successfully
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adapted and carried out in different Asian cultural contexts [16, 17] thereby making it
suitable to study Indian students too.

Based on the necessity to examine processes of sensory stimulation that leads to a change in
the creativity of design students and the lack of studies with this specific type of inter-
vention, this paper may present valuable insight and urge additional investigation to
reinstate these experiences as the vanguard of design education.

3 Research

The Objective was to discover a significant link between heighted awareness of
senses and creativity and whether heightened awareness of senses increases
potential to gather new knowledge, organize thoughts in unconventional and unique
ways, provide access to out of the box, boundary breaking imagination and the
ability to make holistic thematic connections thereby enhancing total creativity.

3.1 Research Hypotheses

1. There is a significant positive link between heighted awareness of senses and
creativity. Heightening of sensory awareness increases creativity.

2. Heightening of senses significantly broadens access to new information and new
knowledge.

3. Exercises to heighten the awareness of senses increases the ability to make
holistic thematic connections.

4. Exercises to heighten the awareness of senses increases the potential for out of
the box, boundary breaking imagination.

5. Heightening of senses offers unconventional ways of organising thought and
perceiving the surrounding world.

3.2 Research Scope

A quantitative approach of experimental design with a pre-test/post-test control
group design was selected. Study participants consisted of 144 undergraduate
students from two design institutes in Chennai—National School of Design and
INIFD (Fashion design and Interior design departments) in the age group of 18-24.
Of these 44 were randomly chosen and divided into two equal groups of 22 each
which formed the treatment and control groups as 21 participants per group for a
one tailed hypothesis is sufficient detecting moderate effect sizes with 0.80 power at
the 5 % level of significance in an experimental study [9]. It was verified that these
students were not exposed to this sort of a creativity test or doodling exercises prior
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to this test being conducted to avoid effects of testing. The control group was kept
unaware of the treatment used in the experimental group and the experimental
group was not informed that the posttest will be similar to the pretest in advance to
avoid effects of testing and experimental effects.

3.3 Method

For a significant effect, the Test instrument—TCT-DP: test of Creative Thinking
Drawing Production was chosen.

3.3.1 Test Instrument Design

The TCT-DP requires the respondent to complete two drawings as in Fig. 1 based
on six figural fragments that were designed in accordance with the following rules.
The fragments are (1) different in design, (2) geometric and non-geometric, (3)
round and straight, (4) singular and compositional, (5) broken and unbroken, (6)
within and outside a square frame, (7) placed irregularly on the space provided, and
(8) incomplete. The big square frame together with the small open square outside
the large (boundary) serves to provide information on risk taking, which was seen
by the authors as “boundary breaking in a twofold manner.” The given figural
fragments were kept simple and unique to give rise to a multitude of creative
responses along with enough suggestibility for stereotypical responses from less
creative students [3]. In the 2 forms—Forms A and B, Form B is designed to be
slightly harder than Form A to avoid effects of testing.

Pre test form A with six figural fragments Post test Form B with six figural fragments

Fig. 1 TCTC-DP test forms. Source self designed
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3.3.2 Treatment

This treatment focuses on sensory stimulations pertaining to vision, hearing, touch,
taste and smell using four exercises.

Exercise# 1—Vision: Participants were exposed to everyday natural occurrences like sun
rise, sunset, flow of water, blooming of flowers, movement of birds via audio visuals of the
same. This was followed by a presentation exposing them to works of art and design by
various masters like Michelangelo, Da Vinci, Van Gogh, Picasso, Ravi Verma, Antonio
Gaudi, Raymond Loewy and more. The participants observed how basic elements were
manipulated to create more advanced forms.

Exercise# 2—Hearing: An assortment of everyday sounds like water draining, bird song,
bell sounds, train whistles were played to sensitize participants to sounds that are generally
dismissed as background noise. This was followed by playing of western music (Vivaldi,
Beethoven, and Stravinsky) and Indian classical music which are considered to be con-
ducive for complex thinking. The participants were asked to associate these sounds with
suitable images in their mind. The music was also supported by visuals of random splashes
of color to emphasize color psychology.

Exercise# 3—Touch: Participants were given specially prepared boxes with different tactile
textures on each side. The concept for these boxes was adapted from the Montessori’s
Stereognostic Sense Exercises. They were passed around first with the lights off and the
participants were asked to feel and differentiate between the textures for buildup of muscle
memory and then with lights on for textural recall.

Exercise# 4—Taste and smell: Tasting of new flavors, different than what one is accus-
tomed to by taking the time to smell, eat and savour develops not only ones taste buds but
also sharpens conceptual thinking. As wine or food tasting is difficult to organise in a
classroom atmosphere the participants were offered dark chocolate pieces which they were
expected to smell and taste slowly to allow full appreciation.

3.4 Data Collection

The pre-test of TCT-DP (form A) was administered to all subjects in both groups
ensuring that they experienced the same conditions except that in addition the
experimental group experienced the treatment. Four Exercises to stimulate the
participant’s senses (of vision, hearing, touch, smell and taste) were introduced to
the treatment group. The post-test of TCT-DP (form B) was administered to all
subjects of both groups. Time taken was noted on all forms for marking of Speed
component. The test was evaluated by design faculties following the rules of
scoring of TCT-DP, listed in Sect. 1.2 of this paper and the average scores were
recorded. All values were tabulated and the highest and lowest scoring sheets were
identified and also analysed visually.
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Table 1 Total creativity score of treatment group versus control group

Pretest mean Posttest mean t stat SD
Treatment group 32.409 39.455 4.885 6.765
Control group 29.091 29.727 0.604 4.9403

Source TCT-DP test scores

4 Analysis and Discussion

The amount of change on the value of the dependent variable from the pre-test to
the post-test for each group was assessed separately for Total creativity, new ele-
ments, Unconventionality, thematic connection and Boundary breaking imagination
aspects of TCT-DP using the Paired t-test method at 5 % level of significance as a
one-tailed test.

4.1 Heightened Awareness of Senses Increases Creativity

The assessment of the total creativity score, Pretest and posttest of both groups as in
Table 1 led to the rejection of the null hypothesis and acceptance of the alternate
hypothesis that there is a significant positive link between heightening of sensory
awareness and creativity. Heightened awareness of senses increases creativity.

4.2 Heightening of Senses Significantly Broadens Access
to Information and New Knowledge

The Investigation of the “New Elements” (Ne) component which is the addition of
any new figure, symbol or element drawn by the participant within the box that is
not a continuation of the 6 given figural fragments and points to the ability to think
of new ideas based on existing concepts resulted in the rejection of the null
hypothesis (based on values seen in Table 2) and acceptance of the alternate
hypothesis that Heightening of senses significantly broadens access to new infor-
mation and new knowledge.

Table 2 New elements score of treatment group versus control group

Pretest mean Posttest mean t stat SD
Treatment group 3.318 3.955 2.134 1.399
Control group 1.545 1.364 (-) 0.699 1.220

Source TCT-DP test scores
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Table 3 Thematic connections (gestalt) score of treatment group versus control group
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Pretest mean Posttest mean t stat SD
Treatment group 4.227 5.273 2.596 1.900
Control group 3.636 3.636 0 1.690

Source TCT-DP test scores

Table 4 boundary breaking imagination score of treatment group versus control group

Pretest mean Posttest mean t stat SD
Treatment group 2.182 3.500 2.851 2.169
Control group 2.227 2.500 0.843 1.520

Source TCT-DP test scores

4.3 Exercises to Heighten the Awareness of Senses Increases
the Ability to Make Thematic Connections

The evaluation of the “Thematic Connections” (Cth) component which is based on
Gestalt Theory as indicated in Table 3 led to the rejection of the null hypothesis and
acceptance of the alternate hypothesis that Exercises to heighten the awareness of
senses increases the ability to make holistic thematic connections.

4.4 Exercises to Heighten the Awareness of Senses Increases
the Potential for Out of the Box Boundary Breaking
Imagination

The assessment of the summation of the two scores of Bfd and Bfi, i.e., Boundary
Breaking imagination that is fragment dependent and independent, as seen in
Table 4 referred to as ‘B’ points to the rejection of null hypothesis and acceptance
of the alternate hypothesis that Exercises to heighten the awareness of senses
increases the potential for out of the box boundary breaking imagination.

4.5 Heightening of Senses Offers Unconventional Ways
of Organising Thought and Perceiving the Surrounding
World

Unconventionality Score or ‘U’ as per the scoring system is the summation of the
four sub components of UCa, UCb, UCc and UCd, when statistically tested pro-
vided values as seen in Table 5 resulting in the rejection of the null hypothesis and
acceptance of the alternate hypothesis that Exercises to heighten the awareness of
senses offers unconventional ways of organising thought and perceiving the sur-
rounding world.
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Table 5 Total unconventional score of treatment group versus control group

Pretest mean Posttest mean t stat SD
Treatment group 3.3640 4.3640 2.128 2.200
Control group 3.682 2.909 (-)1.557 2.330

Source TCT-DP test scores

5 Conclusion

The results of this study demonstrate that creativity can indeed be taught, learnt and
assessed provided the right tools are available. The statistical analysis of the cre-
ativity total and selected components reflect favorably towards the research
hypotheses. Analyses of the control group scores proved that pretest, history,
maturation, or any other external event did not influence the posttest score and that
the treatment given was the sole influence of the rise in posttest scores. The values
indicate that heightened sensory awareness is the natural way to impact positively
upon one’s creativity. Heightening of one’s senses increases the ability to acquire
new knowledge, to form holistic gestalt based compositions that tell a story, ability
to achieve out of the box boundary breaking imagination and unconventional
thinking. To state simply there exists indeed a significant positive link between
heighted awareness of senses and creativity and heightened awareness of senses
increases creativity in design students.

Taking a closer look at the statistics, an interesting fact comes to the fore front. Though
there was significant difference to prove all five research hypotheses, maximum difference
exists in the total creativity score. This coincides with Urban and Jellen’s recommendation
of how creativity should be judged—as a sum of all components and not simply on the
merit of any one of them. This is a direct indication of how Creativity should be assed
compared to how it is assessed today. Thus one of the other significant findings to emerge
from this study is the existence of a creativity assessment method that is neither too rigid
nor too vague—a method that is not ambiguous. The fourteen scoring dimensions of TCT-
DP comes forward as valuable tool to assess creativity in classrooms as it is flexible,
elaborate and allows fluency and originality which form the four elements of creativity.
Although the findings in this study cannot be generalized to be reflect the creative growth of
all college students or even all university level design education students in India and
abroad, transferability of this study can be counted upon for students of design institutes
similar to those studied.

6 Recommendations

Going by the results of the study and the feedback received from participants, it is
recommended that design colleges and other creative institutes take to teaching
creativity and educators must provide inputs on thinking creatively. The sensazione
exercises outlined in this paper along with the scoring dimensions of TCT-DP can
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be developed into an effective pedagogical method that can be utilized by the
teachers of design colleges to record, study and analyze the creative potential of
their students. The process is not time consuming or financially exacting and
educators can create their own treatment exercises inspired by the ones mentioned
in this study, following Da Vinci’s principles depending on the age group, back-
ground of the students and the time available. It is recommended that further
research be carried out, on a larger scale to determine the effectiveness of the
scoring dimensions suggested in real time classroom situations.
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Enhancing Creativity by Using
Idea-Wheel and Its Validation

Avinash Shende and Amarendra Kumar Das

Abstract In IIT Guwahati, the students who join the Master of Design program
come from four different backgrounds, these are Technical background, Architec-
ture Background, Fine Arts Background and Design and Fashion Design Back-
ground. The students of such diverse background react/think differently while
solving a design problem. The students try to find a solution to a problem which is
generally ill-defined, cannot be resolved by them and this leads them to follow a
problem-focusing strategy. Empirical data on such design processes were obtained
from a set of protocol studies of 27 Design Students with heterogeneous back-
ground, whose designs were evaluated on the basis of overall quality and taking
into consideration variety of aspects including creativity. From the generated data,
we identify aspects of creativity in design related to the formulation of the design
problem and to the concept of originality. We have also introduced a tool “Idea
Wheel” to the same set of students, faced with the same design problem, left for
them to solve. We then reassess the creativity aspect. It is then observed as to how
an ill-defined problem can be resolved and how a problem-focusing strategy
changes to a solution-focusing strategy among the students. In addition to this, the
paper will highlight the validation part by conducting the identical experiment on
another set of students with heterogeneous background.

Keywords Assessing creativity - Heterogeneous background - Design process -
Problem solving

1 Background

Design schools are increasing in steady numbers in India in the recent times. There
are more than 20 design schools which include both government and private funded.
The selection of students for Master of Design at Indian Institute of Technology in
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India is based on their performance in an entrance examination “Common Entrance
Examination for Design (CEED)”. The eligible students appearing for this exami-
nation, could be artists, fashion designers, architects and engineers [18].

In general, the selected students belong to diverse background generally com-
prising four domains and hence, there is hardly an identical response towards lateral
thinking, which is necessary for ideation and post ideation process of designing
product. The students with technical background go through rigorous training to
obtain technical knowledge for four years or more; similarly the students with
architectural, art and fashion design background undergo through architecture, art
and fashion design studies for four years. These students are accustomed to
showcase a typical approach to a design product or solve design problems. An
essential quality in problem solving that is desired in design students is creativity.
The Creativity factor amongst the students differs, as their mind are already con-
ditioned during their undergraduate training; students with technical background are
more prone to think technically and students from architecture, art and fashion
design background shows inclination towards aesthetics. However students from
architecture background appear to be more creative, because they are already
trained to think that way. Various attempts have been made to negate the
assumption that this mental activity, creativity occurs inside the heads of some
special people [6]. It is systematic rather than an individual phenomenon. Affective
way of increasing creativity were tried out by altering the environment and by
introduction of tools like speed-storming [1], mood-board, scamper etc., which
indicates that creativity can be enhanced by certain techniques/tools/methods [13].

2 Methods of the Study (Methodology)

The above stated fact has led to a number of questions: What factors lead hetero-
geneous qualified students to arrive at a certain way of thinking? Whether the
students from creative background are more creative than the students from tech-
nical background? How can they improve creativity exclusively while problem
solving? More specifically, how can Heterogeneous background students generate
good and creative ideas? These general questions have been the preliminary point
for the development of this research and have led to the refinement of the following
research question and null hypotheses.

Question 1: How do Heterogeneous background students respond through the
use of tools/techniques/method compared to equivalent background students
without using tools/techniques/method in terms of their creative performance
with respect to the quality of ideas produced?

Null Hypothesis 1a: The level of creativity among the students with heteroge-
neous background does not significantly vary with regards to their background.
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T1 Orientation Problem || (Assessment) Output
Student Set! Solving Task Response P
Orientation Introducing Problem (Assessment)

T2 Student Set! 1 IDEA- — Solving Task — Response Output

WHEEL (same as in T1)
Orientation Introducing Problem (Assessment)
T3 Student Set 2 [ IDEA- — Solving Task — Response Output
WHEEL (same as in T1) "Validation"

Fig. 1 The formation of tests with or without tool (idea wheel)

Null Hypothesis 1b: There is no significant difference on the level of creativity
among students with heterogeneous background with and without proposed
method/tool/techniques.

To answer this question and test the hypotheses, a mixed method approach was
used by which empirical data were collected [8]. Two Tests between-students for
two conditions were employed i.e. T1 and T2, to compare the quantitative differ-
ences in idea-generation between the students with heterogeneous background with
and without introducing tools/techniques/method. Test T3 employed to validate the
result of T2 (Fig. 1).

Test T1 and T2 was conducted among equivalent set of students (27 students
who recently joined M.Des. program at Department of Design, IIT Guwahati. Out
of 27 students 12 belong to Engineering Background, 4 from Architecture Back-
ground, 5 from design background and 6 from Fine arts Background). Tests starts
with orientation to problem solving task performed by the students leading to
assessment of creativity and concludes with a result. The difference between tests
T1 and T2 is the introduction of a creativity enhancement tool “IDEA-WHEEL”
during test T2 between orientation and problem solving task. Problem solving task
given was the same in both tests T1 and T2, whereas the time gap between T1 and
T2 is more than 32 weeks. The time gap is decided upon the fact that accelerated
long term forgetting phenomenon will occur, and by 8 weeks, students retain about
zero percent of the task performed [9], however we extended time gap up to
32 weeks. In addition, during this gap the students were not made to discuss about
the task considering the fact that complete disremembering occurs when memories
are not re-activated and so they do not benefit from the formation of multiple traces
in the Medial Temporal Lobe [19]. Test T3 conducted among another set of stu-
dents (applicant came for Entrance Exam for M.Des. at Department of Design, IIT
Guwabhati, by keeping same ratio of background as in T1 and T2).
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3 Problem Solving Task

The students were asked to generate ideas in a stipulated period of 1 h for the
problem solving task given below.

TASK: “After joining M.Des, in the hostel you are washing your clothes with
your hand, using detergent powder, soap and a bucket. Design a Tool, which will
assist/help you in this task”.

The task given was same in test T1,T2 and T3, the ideas derived from the tests
were then evaluated by condition-blind evaluators on counts of non-redundant ideas
and three measures of idea quality: non-obviousness [12], utility or effectiveness,
and feasibility. This gave room for appropriate comparisons among students with
heterogeneous background performance through use and non- use method/tool/
techniques’ in answering the first research question and testing the two associated
null hypotheses. The notes from observations and the written protocol, along with
the responses, were reviewed and coded, which helped in assessment without
contradiction.

3.1 Setting

The test took place in a midsize class room located at IIT Guwahati, India. The
room was spacious with moveable furniture that allowed for adaptations of the
space and its organization. The tables and chairs were set up at a minimum distance
of 1.5 m. The goal was to keep the room setting as sterile as possible, to avoid any
confounds from the students’ surroundings. It also took into account that there were
no objects or materials lying on shelves or hanging on walls that could potentially
influence the participants’ thoughts and actions during the course of study.

3.2 Materials

The materials used for this study included pencil, ball-point, sketch pen and blank
paper for writing down or sketching out ideas, as well as a brief script informing the
participants about the purpose of the study, the relevant topics addressed, providing
facts and examples for ideational inspiration. All students received the same
materials in all treatment conditions. The topic for tests T1, T2 and T3 was chosen
from a bank of topics that were developed in preparation for the test activities. Each
student had an equal opportunity to contribute knowledge on the given task. Each
topic was reviewed and discussed with the researcher’s supervisor zeroing down on
the ones most suitable for this study. The “Tools for Washing Clothes” topic was
developed in conjunction with the students who live in the campus and wash their
own clothes all by themselves. The topic was familiar to the students already
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experiencing the situation. Creativity enhancement tool ‘Idea-Wheel’ was intro-
duced to students prior to test T2 and T3 clearly through the assignment sheet and
ensured that each student understood it clearly and ways to use it.

3.3 Data Analysis

There were two measurement instruments used for this study: one for the quanti-
tative data and the other for the qualitative data. The quantitative measures were the
generated ideas that were hand-drawn on paper by the students. The qualitative
measures were written protocol for which a space was provided on the right hand
side of drawing sheet (A3 size), and the vacant sections s10, s11, s12 provided on
Idea Wheel to fill (Fig. 2). The quantitative and qualitative data were analyzed
through the use of the Consensual Assessment Technique [2-4, 11] whereby a
number of evaluators independently assessed the generated ideas on measures of
quantity and quality. There were three evaluators for this process: two evaluators
were design faculty from design schools in India and Milan and the third was an
industrial designer and graduate student from the Masters of Design program, also
at Milan. First, evaluator independently evaluated the generated ideas on measures
of quantity and quality at an individual level. They reviewed each student’s idea-
sheets and filtered out all redundant ideas for every individual student. They then
began rating the quality of the non-redundant ideas based on their non-obviousness,
their utility and effectiveness, and their feasibility using 7-point scales for each

Fig. 2 Idea wheel, Idea Wheel
introduced to the students

during test T2 and T3

LTI
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factor, where 1 represented very low and 7 represented very high. The inter-judges
reliability was determined by computing the alpha-coefficient for the agreement
between the judges. The alpha-coefficient for the end measure in this study, the total
judgment, was a very reasonable 0.71 [7].

4 Test Conducted Without and with Creative Enhancement
Tool

4.1 Test T1: Conducted Without Any Support of Tool

Empirical data on design processes were obtained from a set of protocol studies of
27 design students with heterogeneous background, whose designs were evaluated
on the basis of overall quality and taking into consideration a variety of aspects
including creativity. One way ANOVA was conducted for a significance level of
0.05 and we found the value of p(0.034) < 0.05 and thus the null hypothesis 1a was
rejected and concluded that there is a significant difference of level of creativity
among the students from heterogeneous background. This led us to design a cre-
ativity enhancement tool “Idea-Wheel” that was introduced in the Test T2.

4.2 Test T2: Conducted by Introducing a Tool Called “Idea
Wheel”

Idea Wheel was designed on the basis of findings of Literature Review, which are
presented below.

e Breaking out of an established pattern either perceptual or cognitive, allowing
for the development of a broader range of alternative, perhaps creative solutions
[16].

e The initial problem was vague or ill-defined [2].

e Mode of problem solving is ‘Solution Focused’ [4].

Creative idea as a combination of thoughts [19]. Creativity is the ability to see
and establish new relationships or connections. These juxtapositions set up new
patterns and relationships, and created fresh and astonishing way of looking at
things.

e Techniques to think creatively—Making Novel combination: The combining
and recombining ideas, images thoughts keywords into different combinations
in the conscious or subconscious minds converts to the novel ideas by con-
necting the unconnected: There are things around us that can be connected with
each other by coercing relationships [1]. Creative ideas involve “bisociation” or
the connecting of disparate thoughts to form a new and relevant idea [17].
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Description about Idea Wheel: The idea wheel has 12 sections-s1, s2, s3, s4 ...
s12 (see Fig. 2). Every section has randomly selected familiar objects, except s10,
s11 and s12. One may combine any section “sn” for any number of time to create a
new tool. For example (sl + s5) gives a brush for washing clothes, and
(sl + s6 + s9) has led to an absolutely new tool. Additionally, Idea wheel
encourages to add any familiar object in s10, s11, s12 by the user, this may turned
out to be an useful contribution in idea wheel to generated new idea.

5 Results

In order to answer the research question and to test the proposed hypotheses, the
mean ideational performances of students with heterogeneous background with and
without Idea Wheel were compared. A SPSS paired sample t-test with unequal
variances was conducted for each measured variable to assess the significance of
any differences that were found between them. This was done by taking average of
the data produced by judges. The following sections present the results from this
comparison for the measures of idea quality.

Table 1 presents the mean total number of non-redundant ideas produced in both
the without Idea Wheel and with Idea Wheel conditions. These means are presented
for one topic i.e. “designing tool for washing clothes”, where, the two tailed sig-
nificance value p is 0.00, therefore the null hypothesis 1b is rejected and concluded
that there is significant differences in terms of Creativity among the heterogeneous
background students with and without using the tool “Idea Wheel”.

Students with heterogeneous background using Idea Wheel were able to gen-
erate quality Idea (M = 6.132, SD = 0.641) in comparison to the equivalent student
without using Idea Wheel (M = 3.518, SD = 1.672); The quality of Idea generated
using Idea Wheel is enhanced nearly 1.75 times with standard deviation
(SD = 0.641), which is much more lower in comparison to the quality of idea
generated without using Idea Wheel whose standard deviation is (SD = 1.672).
Figure 3 Scatter gram shows very few student’s ideas were creative in test T1
(without idea wheel condition) and Fig. 4 Scatter gram shows more than 80 %
students ideas are reaching towards the peak of creativity in test T2 (with idea wheel
condition).

Table 1 Paired sample t-Test, showing mean quantity of ideas produced
Topic Condition N M Sd T Df |P

Designing tool for | Without idea wheel 27 |3.518 1.672 |9 0.00
washing clothes With idea wheel 27 16.132 |0.641
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6 Validation

In order to validate the result of test T2, Test T3: was conducted with another set of
students (applicants who came for Entrance Exam for M.Des. at Department of
Design, IIT Guwahati), by introducing same tool called “ldea-Wheel”.

Empirical data on design processes were obtained, and were evaluated on the
basis of overall quality and taking into consideration a variety of aspects including
creativity. Later, a SPSS paired sample t-test was conducted for each variable
measured to assess the significance of the differences that were found between the
two different set of students under same condition i.e. “with Idea-Wheel”.

Table 2 presents the mean total number of non-redundant ideas produced by the
two different set of students under same Idea Wheel conditions. These means are
presented for the topic “designing tool for washing clothes” for. As can be seen, the
two tailed significance value p is 0.032 > 0.00 therefore can be summarised as”
there is no significant difference on level of creativity among the students with
heterogeneous background students with introduction of Tool/method/technique
(Idea Wheel)”. Two different set of students S1 and S2 with heterogeneous back-
ground using Idea Wheel were able to generate quality Ideas like for S1-
M = 6.1326, SD = 0.641) and for S2-(M = 5.759, SD = 0.594); Whose mean
values are nearly same and with very less difference on Standard deviation. Figure 5
Scatter gram and Fig. 6 Scatter gram are nearly matching to each other.
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Table 2 Paired sample t-Test statistic mean quantity of Ideas produced on test T2 and T3
Topic Condition | Students N M Sd T Df | P
Designing tool With idea | S1-students 27 16.132 |0.641 |2.26 |26 |0.032
for washing wheel equivalent T2
clothes With idea | S2-students 27 |5.759 |0.594
wheel entrance exam for
M.Des.
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7 Observation and Discussion

Total Judgement

For Test T1, students’ responses were all disjointed and not focused on the actual

problem; this may be due to the fact that

during test T1 the problem was not defined

properly, and students employed Problem-focus approach [4] (Fig. 7). However, for
test T2 and T3, students altered their approach completely. They were applying
solution-focus approach by using Idea Wheel effectively. Students tried to fill
objects of their own in the vacant section of idea wheel (Fig. 8) and used it to design
a new tool which was not obvious and feasible initially. It was observed that around
fifty percent of students ideas generated were same during the test T2 and T3
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irrespective of their background, which means there is a significant change on the
approach of problem solving among the students using Idea wheel. In Figs. 3, 4, 5
and 6 of scatter grams, there is a significant difference in quality of ideas generated
without and with ‘idea wheel’; also indicates that the student’s responses despite
belonging to different sets are identical, faced with similar condition of using ‘Idea
Wheel’. Overall, it shows that a significant number of ideas generated is creative,
even if some of them might not perform well at Total Judgment.
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8 Conclusion

Table 1 shows that the mean value of the responses with Idea wheel condition is
significantly higher than the mean value of the responses without Idea Wheel
condition. Hence, it can therefore be safely concluded that there is a significant
difference in terms of creativity among students with heterogeneous background
with and without Idea-Wheel conditions. Table 2 shows that the mean value of
responses of two different set of students with same Idea-Wheel condition are
nearly identical, hence it can be concluded that the responses of students with
heterogeneous background are more creative while using the Idea wheel. The two
different set of student’ performance using Idea-wheel shows significant enhance-
ment on Creativity and also on the total judgment collectively, and hence, creativity
enhancement tool “Idea-Wheel” was suggestively effective in generating quality
ideas among the students with heterogeneous background. It can also be perceived
that students’ approach on solving problem changed from problem-focused to
solution-focused, when the Idea-wheel began to act like a catalyst. In test T1, the
results of students among themselves were diverse to a great extent compared to test
T2 and T3, which shows that in test T2 and T3 the problem was defined properly by
introducing Idea-Wheel. Further study is planned to be carried out by conducting
more experiments with students with heterogeneous background of similar insti-
tutes and also to investigate on the results that could be arrived at, if there is a
change of “Idea wheel”.
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Abstract In the post-Bruntland era of sustainable development, design has taken a
decided turn towards social impact although shows limited understanding of sus-
tainable development. Socially responsible design (SRD) in developing countries
builds on discourses of human-centred design, sustainability and social impact.
Despite its successes, design approaches, however, remain firmly embedded in the
mainstream sustainable development (MSD) discourse of market environmental-
ism, populism and ecological modernization. This has led to short term successes
and failures of technology innovation, which a broader and deeper understanding
could have helped avoid. Beyond Life Cycle Analysis (LCA) and eco-design for
sustainability are development demands that question economic, social and envi-
ronmental common sense, demanding systemic approaches to innovation and
policy and governance change for sustainable livelihoods in BoP contexts. Focused
on material and object constraints, industrial and product design is intellectually
weak in this respect and divorced from actively participating in larger informed
debates although new models, such as industrial ecology suggest new possibilities.
From end-of-pipe pollution control to deep green ecology, the ladder of sustainable
development ideologies position technology innovation relative to human and
ecological well-being differently. Taking such an agenda seriously will demand
radical change to design curricula to better integrate social impact economics and
innovation. This paper proposes that sustainable development and social entre-
preneurship and not sustainability and philanthropy should be the framework of
choice for design’s theoretical and practical contribution to development in
BoP. Contributing to this discussion are outcomes and experiences from a joint
IITM (Madras) and Swinburne University (Australia) collaboration.
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1 Sustainable Development: Design Avoidance
and Confusion

Design’s recent turn to social impact in developing countries has emerged at a time
the concept of sustainable development was increasingly being defined in terms of
the triple bottom line (TBL) of economic, environmental and social constraints.
Although acknowledging this discourse, design schools until recently have shown
limited understanding of sustainable development (SD) and TBL for defining
constraints on technology-driven (and service) innovation, preferring the vagueness
of sustainability and the concrete but limited application of life cycle analysis
(LCA) and similar tools as technical synonyms [1]. This limited perspective on
sustainable development is due also to writers such as Walker [2] describing sus-
tainable development as a ‘myth’, preferring it seems to limit ‘hands on’ design to
material constraints and convention. Walker, we believe, is wrong! His claim seems
to mean that SD is intellectually, politically and economically complex and chal-
lenging [3]. Thus, it will require more than the typical ‘hands on’ studio creativity
of designers, a challenge that Fry [4] is happy to accept and develop into a program
for design. We subscribe in principle to Fry’s position focusing our discussion on
technology innovation.

The goals, targets and measures of the Millennium Development Goals (MDGs)
in 2000 regarding targets for 2015 placed sustainable development on the global
agenda. In the current discussion about renegotiating the MDGs for the period 2015
and beyond, there is broad recognition that the needs based goals and targets for the
Bottom Billion [5] are no longer fully adequate to the aspirations of Bottom of the
Pyramid (BoP) households. Beyond survival needs these households wish to
develop sustainable livelihoods by engaging in markets [6]. In this context of the
triple-f, post-financial crisis and post-Washington consensus [7] of hyper-collective
action [8], new institutional economic arrangements, including hybrids such as
social entrepreneurship [9-11], are offering hope for development and innovation in
the ‘rising’ South, including India.

2 Socially Responsible Design (SRD): Design’s Response?

Despite much rhetoric to the contrary, sustainability education still has an indifferent
record in Australia [12]. Industrial design and related fields have preferred the
tangible demands of sustainability, e.g. materials choice [13] rather than (sustain-
able) development as the theme of choice. One discussion of these broader ethical,
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political, social and economic issues and the limits of current design approaches has
been that of Tony Fry [4]; but translating this ‘philosophy’ into practice has had little
impact it seems.

Although terminology varies, design has developed a broad set of human-centred
design perspectives and tools for urban and rural contexts which, following Cooper
[14], T will call socially responsible design (SRD). These developments are a positive
response to the call by Margolin and Margolin [15] for a model of social design.
Social innovation driven by human-centred SRD approaches has become a flagship
for agencies like IDEO [16]. Co-design and participatory approaches have for some
time been part of the new landscape of design practice, and are seen to be core to
achieving social innovation [17]. Morelli [18] among others, sees the new social turn
in design as viewing ‘clients as co-producers’; an oblique reference perhaps to
private-public engagements. Cooper [10] suggests, however, that despite all the
activity, the ability of design to account for say economic and social tradeoffs and
context is still limited. In general, we believe the broader ideological, economic and
social concerns of sustainable development are poorly understood in design schools.

More recently more mainstream development concepts such as Sen’s capabilities
[19] have been proposed as a better guide to technology engagement [20]. How-
ever, such a philosophical position, while interesting, does not capture how tech-
nology plays different roles in the promotion of sustainable livelihoods for the
predominantly rural poor in agricultural and transforming economies [21]. The
rhetoric and reality of industrial design (education) remains conventional. In this
paper we offer another framework—the ladder of sustainable development—to
promote a better understanding of the continuum of positions along which strong
and weak sustainability are positioned, and in which technology innovation has
different roles. There is room for design to challenge convention and at least at the
post-graduate level encourage designers to see innovation more broadly.

3 Weak and Strong Sustainability

Since the Bruntland Commission [22] formulation of Sustainable Development
(SD) as a balanced focus on human and conservation needs with a focus on the
present and future, a mainstream discourse of sustainable development (MSD) has
been established. Adams [23] describes this as a mix of ecological modernization,
market environmentalism and populist discourses of man and nature, including
‘romantic’ notions of nature and humanities relationship. MSD presumes that
economic growth can be maintained through unrestrained technology innovation or
varying degrees of voluntary and enforced regulation. Separating this ‘weak sus-
tainability’ model from strong sustainable design is a belief about the substitut-
ability of nature by human capital, i.e. that human needs and economic growth
demand we sacrifice nature to a greater or lesser extent to those needs, often
through technology innovation. In contradistinction, strong sustainability argues
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that a critical natural capital exists that cannot be sacrificed or at one extreme—deep
ecology—that nature has an intrinsic value and no substitution at all is possible.

It is this dividing line between strong and weak sustainable development that
Baker [24] has developed into a ‘ladder of sustainable development’ with impli-
cations for technology, civil-state relations, economic, policy and governance, and
normative principles for a continuum stretching from end-of-pipe technocratic to
deep ecology approaches. Thus, strong sustainability favours changes in patterns
and levels of consumption, has a focus on non-material aspects of growth, aims to
maintain critical natural capital and biodiversity, heighten local self-sufficiency in
the context of globalized markets, and favours democratic participation and bottom
up community structures; a good example is Tim Jackson’s [25] thesis about
Prosperity without Growth. On this basis, LCA, recycling and other mainstream
tools and processes in design education when coupled with understanding of the
regulatory environment are at best weak sustainable development proposals. They
neither understand nor question existing economic models and propositions about
growth, and view technology as a tool for regulated human development.
Approaches in design also rarely rise above the isolated project level—ignoring
broader TBL goals and policies, and therefore achieving at best short-term piece-
meal change [26].

Market environmentalism takes the market as the essential mechanism for reg-
ulating human-nature interactions, aims to reduce the role of the state, promote the
deregulation of markets, and extend market relations into the domain of society—
environment interactions. It is an approach that believes in unrestrained economic
growth, rejecting alternatives, such as zero growth or other attempts at a more
equitable distribution of resources and opportunities. Businesses are encouraged to
take voluntary measures to protect the environment and also to enter into part-
nerships with environmental groups, as highlighted in the Rio Agenda 21. Eco-
logical modernization, meanwhile, is reformist and regulatory while supporting
capitalism and conventional growth although seeing technological improvements as
essential in the environmental performance of companies and individuals. Propo-
nents of ecological modernization acknowledge that environmental degradation
may accompany the operation of free markets, but they argue that the solution lies
in the self-corrective potential of capitalist modernization. It is an approach which is
popular with policy makers, as it integrates a role for the state, appeals to the green
vote, and is a strong voice in the Bruntland document. In the following Table 1
have selected from Bakers table some of the relevant categories to this discussion.

4 Weak Sustainability in Design Education

Design education seems firmly embedded in weak and pollution control sustainability
commitments to regulation, end of pipe solutions and other aspects of market envi-
ronmentalism and ecological modernization. This is mixed with populist discourses
about the value of nature albeit contradicted by oxymorons such as sustainable
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Table 1 The ladder of sustainable development
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SD Principles Governance Technology | Policy State-Society
model
Ideal Needs (not Decentralisation | Labour- Principles prior- | Bottom-up
model wants), biophys- | of political, intensive, ity to environ- community
ical limits, no legal, social and | appropriate, | ment; socializa- | structures;
substitution of economic green tech- | tion of SD equitable
nature; biore- institutions nology; val- | norms participation
gionalism; self- uing work
sufficiency
Strong Principles in Partnership and | EcoMod of | Sector level Democratic
SD international shared responsi- | production; | integration of participation;
law, consump- bility at multi- mixed environmental open dia-
tion changes; levels of labour and principles; green | logue; alter-
non-material governance capital planning and native futures
growth; 3rd intensive design; SD indi- | envisaged
world focus on technology cators; green
equity accounting
Weak SD | More rhetorical | Some institu- End-of-pipe | Pollution Top-down
than real princi- | tional reform technical addressed at initiatives;
ples; decou- and innovation; solutions; source; some limited dia-
pling, reuse, global regulation | mixed policy coordina- | logue; elite
recycling, LCA labour and tion across participation
and manage- capital sectors
ment; natural intensive
capital technology
substitution
Pollution Command-and- | Capital End-of-pipe State and
Control control state led | intensive approach to pol- | economic
regulation of technology lution interests
pollution automation management dialogue

Source Baker [24, pp. 208-209]

packaging or consumption, see [27]. Existing claims about socially responsible or
social design show this mix of mainstream populism, market environmentalism and
ecological modernization (MSD), i.e. provide no detail nor show awareness of
alternative economic scenarios or anthropocentric emphases e.g. [15, 18]. Populism
rather than principled strong SD arises because the technology-driven commercial
mindset of design is intellectually unable to cope with the economic, ideological and
scientific arguments about strong sustainability and the ideal model is an explicit
rejection of design’s raison d’étre. We argue here not to replace weak mainstream
sustainability with stronger versions but to make clear what the full array of positions
offers. Design may wish to contribute to sustainable development by adopting
mainstream approaches but should not limit itself to these.

Technology, service and system innovation from a strong sustainability perspective
will question existing economic and growth models, advocate policy and institutional
change to create enabling conditions for sustainable livelihoods, adopt a global per-
spective on macroeconomic interdependencies, e.g. trade, of developed and devel-
oping countries. The fundamental weakness of design education has been the emphasis
on sustainability and not sustainable development—the latter is a concept inviting true
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engagement with TBL. One of the models having some success in India is social
entrepreneurship, stepping in where market failures for the poor have failed [28].

5 Implications for Design Curriculum

What would taking sustainable development, reverse innovation, BoP and other
factors imply for programs of socially responsible design at the postgraduate level,
particularly for engineers and designers? Stanford Graduate School has offered
since 2008 a two quarter class entitled Entrepreneurial Design for Extreme
Affordability, which addresses some of the economic issues mentioned here. IIT
Madras, meanwhile, like other schools in the region, has developed a minor pro-
gram in social entrepreneurship and innovation, which encourages technology-
oriented students to consider all three ‘legs’ of TBL in proposing technology and
service innovations. The implications from both programs are clear, multidisci-
plinary input into sustainable innovations, which may then be further leveraged in
research-industry incubation cells, requires fieldwork and engagement and con-
sideration of the economic, ecological, and social constraints facing SD.

A recurring feature of the literature and recent conversations with Faculty at [IT
Madras involved in innovation for social impact was the fact that too many inno-
vations of this sort were not sustainable in the relevant rural environments as they
lacked understanding of the socio-cultural and economic constraints of household
decision making [29]. One example discussed was the failure of affordable com-
posting toilets whose uptake was poor due to cultural preference for open defecation
and rejection of the idea of toilets being installed inside houses. Other more public
examples include the failure of the one laptop per child (OLPC) campaign [30].

Students in the North need recognize that the South is innovating without expert
assistance from the North and under constraints that produce ‘reverse innovations’
now selling back to OECD and industrial nations [31, 32]. Education programs
integrating the relevant social, economic and environmental concerns need to be
developed or modified along the lines of models already in existence in economies
in transition (EIT), such as India; it is not apparent that the developed ‘West’ has
figured this change out and begun to remodel its relationships with economies of
transition on cooperation; there is widespread recognition that the future is being
written in the South not the North [33].

6 Conclusion

Waage [34] also suggests the time is ripe for product design to develop a coherent
plan to address the plethora of issues associated with sustainability. In a similar vein
Spangenberg et al. [35] suggest that Design for Sustainability (DfS) is far more than
eco-design and conventional approaches, noting also how little inroad the
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movement has made in design education and practice. DFs principles in fact sit at
the borderline of weak and strong sustainability, largely repeating ecological
modernisms mantra with some broader aspirational statements. Most recently a
philosophy of capability-centred design [20] has been added to the landscape of
design approaches [36] although there is no evidence of its application. This will
not be a simple task as scholars at TU Delft, reporting on an attempt to integrate
sustainable development across the engineering curriculum can testify [37]. Eh-
renfield has argued for a deeper engagement with sustainability including but going
beyond LC, which questions our assumptions about weak sustainability, con-
sumption, etc. He notes ‘industrial ecology suggests that societies built around
principles derived from ecosystem properties and dynamics might be sustainable in
the same sense that ecosystems are’ [38].

This paper calls for frameworks that question taken for granted assumptions and
the mainstream sustainability discourse that drives current approaches in design.
This will mean teaching about ecological economics, systems thinking, and alter-
native concepts of wealth and value. Thus, building on the example of IITM,
Stanford, and TU Delft, we suggest such a multidisciplinary curriculum will
involve exposing students to: sustainable development principles, social entrepre-
neurship (and business modeling), frugal innovation, practical fieldwork strategies,
and integrate start-up and incubation hubs with support from university and
industry. Can design (education) transcend its modernist industrial roots? Innova-
tion that is restricted to promoting the modernist modified neo-liberal agenda of
growth through increased consumption and production is an agenda the rich North
should re-examine as it is overtaken by the rising South. T-shaped graduates will
study sustainable development, development economics, social entrepreneurship,
and related topics to prepare them for the future (or present).
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Understanding Consumers’ Perceptions
of Sustainable Products in India

Prabir Sarkar, Srinivas Kota and Bijendra Kumar

Abstract Understanding consumer perception of sustainable products is critical for
product designers and sustainability enablers; for instance, policy developers can
develop successful policies only through detailed understanding of consumers’
attitude. Additionally, future sales of products can be predicted by understanding
consumer’s willingness of purchase and sustainable related policies. In this study,
through an all encompassing, non-anonymous online survey, we tried to estimate
the perceptual experience of sustainable products in the mind of consumers and
predict its implications on their future purchasing patterns. The results show that
most of the consumers are aware and interested in sustainable products, but
majority of them are not practicing sustainable living. Majority of consumers are
willing to spend extra for sustainable products, but we need to see whether they do
it in practice or not. This work is a start in the direction of understanding con-
sumer’s perception towards sustainable products and develop support to help
manufacturers; however, the results indicate that a detailed, and broader study is
needed to gain insight into the diversified population perception and behavior
towards sustainable products and develop design support.

Keywords Sustainable product - Consumer perception - Design for sustainability -
Sustainable development

1 Introduction

Published in 1987, ‘Our Common Future’, also known as the Brundtland Report
[1], from the United Nations World Commission on Environment and Development
(WCED), describes sustainable development as, ‘the development that meets the
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need of present without compromising the ability of future generation to meet their
own.’ India holds the second biggest population with one of the heaviest population
density on the earth with diversified economic, social and cultural background.
Thus, it is important to understand the perception of product users (consumers/
buyers/customers) in India, so that appropriate strategies, methods, and regulations
could be developed in India. Only few legislations are dealing with sustainability in
product design and manufacturing are implemented in India and most often the
emphasis is on the protection of the environment, in terms of pollution control,
emission control, and public safety [2].

Legislation alone does not guarantee sustainable development. The situation is made more
difficult in India as required infrastructure for enforcement and implementation are lacking.
Rules can work as a driver towards conservation: for instance, those that are inbuilt in the
permission system force industries to take environmental issues into consideration. Also,
India is a signatory to many of the international treaties bearing directly on environmental
protection and sustainable development and takes an active role in prosecuting polluters [2].

Sustainable product development is critical for developing countries such as
India. India is an ideal place for marketing variety of goods and services due to
ever-increasing population, growing number of middle class with high purchasing
power, high GDP growth, and a large variation in society. However, depleting
resources, lack of proper policies, end-of-life infrastructure, and inflation causing an
increase in commodity prices, creating landfills and pollution; hence, the goods and
services offered often become unsustainable. To avoid this situation, manufacturers
are increasingly putting a lot of emphasis on developing products that are both
economic and environmental friendly. Developing such products often requires
substantial resource allocation for the research and development of new technolo-
gies, new policies, corresponding infrastructure and controlling mechanisms. This
calls for an in-depth understanding of various stakeholders’ perspectives on sus-
tainability and sustainable products to enable them in allocating appropriate
resources on various sustainability enabling technologies.

The success of a product in the market depends on various factors including the
availability of the product, willingness of buyers to buy the product, and prevailing
policies that affect product, thus its purchase. Makower and Pike [3] wrote in the
‘Strategies for the Green Economy,” that consumers really care about ‘Green,’
however, there is a chasm between ‘green concern’ and ‘green consumerism.” To
close that gap, companies need to communicate more effectively, and make sure
their messages and marketing are pitch-perfect [3].

This work will help in better understanding of the views of various stakeholders
about sustainability and sustainable products in India. This will pave way for
devising various strategies with the current and future policies to develop more
sustainable products/services. Moreover, companies can gain competitive advan-
tage over their competitors by targeting their efforts in a focused manner by
knowing the regulations and the wishes of the user in advance, which we have tried
to capture in this work through an online survey.
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2 Literature Review

Consumers have a major role to play in addressing the climate change and energy
challenges as large number of current and future products depend on the use of
some form of energy; and, the user behaviour is going to determine the amount of
energy consumption and associated environmental, societal, and economic impacts.
Mah et al. [4] conducted a survey in Hong Kong to know consumer perception
about smart grid technologies, where consumer welcomed smart grid technologies
and had a preference for energy saving, energy efficiency, and renewable energy.
They mentioned that more attention was needed to improve the relation between
consumer, the government, and utilities [4].

In any company, some of the stakeholders may wish to see things done differ-
ently—a desire to change practices to be more “sustainable”. Short et al. [5],
conducted a questionnaire based investigation to understand the eco/sustainable
design in manufacturing companies of Sweden and United Kingdom, and discussed
management of risk and discussed on the risks associated with taking ‘Design for
Sustainability’ initiative as a design method or as a company strategy.

Consumer perception about the carbon footprint of food product were surveyed
by Hartikainen et al. [6]. Their study shows that the term ‘product carbon footprint’
was familiar to many, however, due to misunderstanding of its meaning, only 7 %
linked it to greenhouse gas emission associated with product and only 5 % linked it
to climate change. Therefore, it was clear that consumer needs more education to
better understand carbon footprint. If this was the situation in developed country
like Finland then what could it be in a developing country like India.

A review was written by Schleenbecker and Hamm [7] on consumer perception
about organic product characteristics. Market needs to be informed about interested
consumers in organic products to serve them better according to their actual need.
van Doorn and Verhoef [8] explore the reasons behind consumer’s willingness to
pay for organic food and investigate whether it differs between virtue and vice food.
They found that because of growing environmental problems, food safety issues,
and increasing obesity rates, many consumers’ desire healthier, less processed
natural foods that are less harmful to humans and environment.

Tseng and Hung [9] developed a green product instrument based on the basic
attributes of product quality, attributes for measuring environmental performance
and eco-certification of green products. They found that many green products in the
marketplace do not fulfil consumers’ expectations and creates a gap between
expectations and perceptions. Meise et al. [10] provided suggestions to retailer on
what kind of sustainability related information should be provided to consumers.

Co-operative product development processes can enhance the emergence and
diffusion of sustainable product innovations by combining different forms and bodies
of knowledge. Hoffmann [11] mentioned that changes in production and consumption
patterns are crucial elements of sustainable development. User integration in product
development as well as communication between product manufacturers and users
could lead to sustainable product development and consumption. Ulaga and Chacour
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[12] identified customer is becoming very important to supplier. They constructed a
multi-item model of customer-perceived value and developed a marketing strategy.

Petiot and Yannou [13] measured the consumer perception for a better com-
prehension, specification and assessment of product semantics. They provided a
tool for designers to understand and specify the semantic part of the need; it rates
and ranks the new product prototypes according to their closeness to the specified
“ideal product™. Baker and Ozaki [14] investigated the marketing influence on the
consumer purchase decision of greener product. They identified that consumers
were not exposed enough to green product and they suggested the greater use of
marketing and brands to promote and sell products that are environmentally
friendly and function effectively. This shows the need for identifying the con-
sumer’s current state and then devise strategies to make them aware of the salient
features of the sustainable products.

Pujari [15] investigated the influences of market performance on companies
through a survey of environmental new product development (ENPD) projects in
North America.

Hou et al. [16] identified 27 sustainable practices in remediation of limited
understanding of actual sustainable behaviour being adopted and the determinants
of such sustainable behaviour. A survey was used to rank and compare them in the
US (n = 112) and the UK (n = 54). It was found that US and UK practitioners
adopted many similar sustainable practices. Comparing the two countries, they
found that the US adopted innovative in situ remediation more effectively; while the
UK adopted reuse, recycling, and minimizing material usage more effectively.
Customer competitive pressure was found to be the most extensively significant
external force.

From the above literature review we can infer that different researchers con-
ducted surveys to know the user perception about various products and services, but
in the context of sustainable product development only few i.e. Hoffmann, Petiot
and Yannou, and Baker and Ozaki were involved. There were differences in user
perception in different countries and that lead us in conducting a survey in India.
We found that a gap that still exists in understanding user perception about sus-
tainable products and how they would use it during its life and thereafter. We tried
to fill that gap through understanding the consumers’ perception of sustainable
products.

3 Aim and Methodology

The analysis of the responses aims to provide answers to the following questions.
First, what are the consumers’ perceptions of sustainable products/services, envi-
ronment, pollution, sustainability, eco-products/eco-services, energy efficiency,
eco-labels, and society? Second, what are the current usage patterns for different
products/services and would the users inclined to pay extra for sustainable
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products? We hope to answer these questions with appropriate justification based
on the responses and the size of the responded population.

The research methodology to understand the perception of sustainability in the
minds of the users (who uses the product), manufacturers (who creates the product),
media persons (who advertises the product) and policy developers (who develops
the policies for markets/products) consists of the followings:

1. An extensive review of literature to find existing works on the understanding of
users’ perceptions of sustainability (Sect. 2)

2. Design an online survey that was used to collect responses from customers of
varied strata of Indian society (Sect. 3)

3. Analysis and discussion of the survey responses (Sect. 4).

Even though we have sent out this survey to more than 700 people belonging to
different strata of Indian population (educated), we received about 86 responses
(n = 86) which include, users(68), policy makers(0), environmentalists(2), indus-
trialists(8), social workers(6), and media persons(2). The respondents of the online
survey include people with different educational backgrounds: 32 % graduates,
45 % Masters, 15 % doctorate and 8 % others. 62 % of them are of engineering
background, whereas 15 % are from science, 8 % of management, 5 % arts, 2 %
commerce and the rest 7 % with other background. Most of them are of the age
group of 18-30 years (80 %) and in the remaining, 12 % are of 31-40 years, 5 %
are of 41-50 years, 2 % are of 51-60 years, and 1 % are of 61+ of age group. 88 %
respondents are male and 12 % respondents are female, and among them 59 % are
from cities, 22 % of towns, 16 % of Metro cities and the rest are from villages (3 %)
as shown in Table 1.

Table 1 Respondents’ details

Gender Living place Education
Male 76 | 88 % | Metro City 14 | 16 % | Post Graduate 38 |45 %
Female |10 |12 % | City 50 |59 % | Graduate 27 132 %
Town 19 |22 % | Doctorate 13 |15 %
Village 2 |2% |Other 7 |8%
Age group Area of expertise Organization
18-30 |68 |80 % | Science 13 | 15 % | Central government 29 [35%
3140 |10 [12 % | Arts 4 |5 % | State government 3 4%
41-50 |4 |5 % | Engineering |53 |62 % | Public sector unit 13 [15%
51-60 |2 |2 % |Management |7 |8 % | Private—Multinational company 15 |18 %
61+ 1 1% Commerce 2 2 % Private—Micro, Small and Med- 9 11 %
ium Industry
Others 6 |7 % |Self employed 15 |18 %
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4 Details of Survey Questions, Results and Interpretation

The entire survey can be accessed online [17] and here we summarise the findings.
Additionally, we discuss in detail the inferences that can be derived from the
responses of this survey.

4.1 Consumers’ Awareness of Sustainability

The first question is about the awareness of sustainability—respondents were asked
whether they have heard the term sustainability. As shown in Fig. 1, 72 respondents
(86 %) agree that they are aware, while only six respondents (7 %) replied it as ‘no,’
and another six respondents (7 %) were not sure about it. Next, regarding the
question on consumers’ interest on becoming more sustainable, as shown in Fig. 2,
most of the consumers (75 %) are interested to be more sustainable. However, this
is not surprising for us, since as per Table 1, respondents were educated and thus
are exposed to sustainability, and so we would expect them to have a strong
concern for sustainability.

Next, consumer perception of achievability of sustainable development is cap-
tured in Fig. 3, which indicates that most consumers firmly believe that sustainable
development is something that is achievable. More than 75 % of them agreed that
sustainable development is definitely achievable. Additionally, respondents do

Fig. 1 Consumers’
awareness of sustainability

No [6]

— Not Sure (6]

Yes [72]—

Fig. 2 Consumers’ interest to
be sustainable
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Fig. 3 Consumers’ v —No[7]

perception about sustainable '

development achievement / | —— Don't Know [12]
Yes [65]—

Fig. 4 Consumers’ ——no [34]

perception about separate
shop for sustainable product

yes [47]

Fig. 5 Different sources of
information on sustainability

Email

Social Network,
Newspapers
Journal articles

evenls

Sustainable C ity Devel +

indicate they wish for dedicated shops for purchasing sustainable products, as
shown in Fig. 4.

Figure 4 indicates that 58 % respondent supports the idea of having dedicated
shops for sustainable products.

Later, we asked consumers about the ways that they use to access information on
sustainability. Most of them indicated that the social network is a major source of
information for them, while other different means of receiving information on
sustainability are also critical as shown in Fig. 5.

From Fig. 5, we can see that majority of the respondent were accessing the
information about sustainability via social network (22 %), newspapers (18 %),
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Fig. 6 Consumers’ activities : _
to achieve sustainable Sustainable product development
development Biodegradable plates and utensil _
Energyconseraton athome. |
S
N
Takeowa tags or stoppiog |
Composting -
Waste segregation -
Disposable utensils [N
Other .
0

9 18 27 36 45

journal article (14 %), and Web portals (13 %). From this, we conclude that social
network and newspaper play a major role in sustainable development.

When respondents were asked about their activity at home or in organization
towards achieving sustainable development, the majority of them indicated that
they take active initiatives for energy saving at home (21 %), and office (16 %),
whereas, only 15 % people agreed to take own bags for shopping and 13 % people
said they are involved in recycling of products. Since we received very less
responses on the ideas of composting, disposable utensils, waste segregation and
sustainable product development as shown in Fig. 6, it could indicate that people
were not aware about these practices and thus we might need to encourage people
to practice these in future. A more detailed survey needs to be conducted to see the
problems faced by the consumers in adopting sustainable way of living. This shows
that people say some things and practice different things.

4.2 Consumers’ Perception About Sustainable Product
Buying

When respondents were asked questions whether they are willing to purchase
sustainable products with an extra payment; the responses were scattered. Majority
of respondents 61 % indicated that they could pay extra for sustainable products.
Whereas 27 % respondents indicated that sustainable initiatives should not increase
the cost of products and 12 % respondents ask for discounts on purchase and use of
sustainable products as shown in Fig. 7.
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Fig. 7 Consumers’

o,
perception on extra payment 1-10% | 32%
for sustainable product
P 11-20% 21%
21-30% 5%

31-40% 2%
41-50% | 1%
No extra payment  27%

should be discounted 12%

4.3 Consumer Perception About Three Pillars
of Sustainability

Environment, Economy and Society are the three pillars of sustainability, when we
asked if consumers’ responsibilities helps to make a difference towards strength-
ening these pillars as shown in Table 2, a majority of respondents agreed about their
importance, as shown in Fig. 8. When people were asked about their responsibilities
to help make a difference on economic (unemployment, inflation, local economy
etc.), Environmental (waste, resource consumption, water use etc.) and social
(safety, education, health, etc.) issues, the majority of the respondent agreed to
make a difference on Economy (72 %), Environmental (83 %) and the Society
(82 %) as shown in Table 2. In addition, we note from Fig. 8 that for the con-
sumer’s perception on the importance of three pillars of sustainability, the majority
of people (51 %) think that all the three pillars are important.

Table 2 Consumer’s responsibility to make difference on three pillars of sustainability

Economy Environment Society
Strongly disagree 8 10 % 8 10 % 5 6 %
Disagree 12 14 % 2 3% 9 11 %
Slightly disagree 3 4 % 3 4 % 1 1 %
Slightly agree 10 12 % 5 6 % 2 3%
Agree 36 43 % 37 47 % 41 51 %
Strongly agree 14 17 % 24 30 % 22 28 %
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4.4 Consumer Perception on Government Role
in Sustainable Development

The majority of the people (38 %) believes that government is insensitive to sus-
tainable development and are not taking obligatory initiatives towards achieving
sustainable development; whereas, 32 % people believe that government need to be
more sensitive and take more initiatives towards achieving sustainable development
and the remaining 30 % respondents are not aware of such initiatives, as shown in
Fig. 9. Figure 9 shows the consumers’ perceptions of how government is sensitive
to sustainable product development. Among the respondents, 72 % people said that
the government should provide financial support to companies that are producing
sustainable products as shown in Fig. 10. From Fig. 11 we can infer that 47 %
people say India does not have sufficient sustainability related standards.

We believe that since the majority of the respondents are with an engineering
background; their responses are more inclined towards making product more sus-
tainable. 30 % of them agreed to use recyclable materials for making products more
sustainable, whereas, 18 % said that designing energy efficient products is a good
idea, and only 14 % were in favor of designing long lasting products, as shown in
Fig. 12. These results show that only recycling, energy efficiency and long lasting
products are perceived as sustainable products around 38 % of people did not
perceive this also. We need to make people aware of sustainability as a holistic
approach rather than piecemeal approach.

Fig. 8 Consumer perception all three [41]————
of importance of three pillars
of sustainability

society and e [5]— ‘ economy (5]
society and [12] environment [10
economy and e [4] society [4]

Fig. 9 Consumer perception
on government sensitivity to
sustainable development

~—— May be [24]

No [31]

Yes [26]
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Fig. 10 Consumers’
perception of financial support
from government

Fig. 11 Consumers’
perception of having a
sufficient sustainability
standard in India

Fig. 12 Consumer
perception on making product
more sustainable

No [9]
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Yes [60]
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[
L ——Yes[21)

Use recyclable material _
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We propose that people from the media need to pay more attention to publicize
the sustainability related issues, as we saw most of the people accessing the
information about sustainability from either social networking or newspapers.
Newspaper is a powerful medium to make most of the population aware of sus-
tainability as 63 % respondents indicated that sustainability should be the focus of
today’s newspapers. As shown in Fig. 14, the respondents also indicate the will-
ingness to take the initiative to make people around aware about sustainability. We
infer from Fig. 13 that, 48 % respondents agree that current products available in
India are not sustainable, 37 % are not sure about this and only 16 % said that the
current products are sustainable. As people are not exactly know what sustainability
means these results can be misleading.
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Fig. 13 Consumer ~—— Not Sure [30]
perception of current product
available in India

——Yes[13
No [39]—— i

Fig. 14 Consumer No [10]
perception about media focus ~——— May Be [20]
on sustainability issues

Yes [51]——

5 Conclusion

This paper deals with the consumers and stakeholders perception of sustainability
and sustainable products, and is based on the survey responses of 86 Indian indi-
viduals consisting of consumers, media persons, policy makers and industrialists
from different places in India. This current survey is a preliminary one whose
results will be used to design and conduct a more comprehensive survey to take
diversified consumers opinion for devising strategies on sustainable products. The
majority of the respondents indicated strong concern about sustainability and
expressed interest to become more sustainable but the detailed analysis shows that
there is a lacking in terms of proper knowledge and the daily practices. Consumers
do think that India does not have sufficient sustainability related standards and
government should take initiatives for sustainable product development by applying
stronger policies, strict environmental laws, and educate people about the envi-
ronment and sustainability. Respondents also thought that the government should
provide financial support to industries that are producing sustainable products.
People employed by social network and media need to pay more attention to
advertising sustainability related products in those media, as we saw that most of
the people accessing the information about sustainability from either social net-
working sites or newspapers. The majority of respondents indicated that sustain-
ability should be the focus of today’s newspapers. Many respondents agree to take
personal initiatives to make other people aware about sustainability, however most
of them are not practicing sustainable living. We believe that more policies should
be developed related to recyclable materials and energy conservations because, in
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general, people were more aware about recyclable material and energy conserva-
tion. This study shows that being aware doesn’t mean people are going to practice,
there are lot of other factors which influence their purchasing behaviour and usage
behaviour. A detailed study needs to be done to cover all segments of the society
and to uncover the most significant factors which influence sustainable product
purchase and use.
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The Use of Sugarcane Bagasse-Based
Green Materials for Sustainable
Packaging Design

L. Pereira, R. Mafalda, J.M. Marconcini and G.L. Mantovani

Abstract This paper simulates the environmental impact of a design alternative
choice based on materials selection. Applying an interdisciplinary research
approach, we have used lab results of a nanocomposite material obtained from the
mixture with sugarcane bagasse in order to simulate the carbon footprint and energy
consumed in a Solidworks Sustainability design experiment. This practice can offer
useful insights both for material and design engineers demonstrating quantitative
and qualitatively the implications of eco design alternatives in early life cycle,
including the life cycle of a new material.

Keywords Nanocomposites - Sugarcane nanofibers - Design alternatives
Product life cycle - Packaging

1 Introduction

The aim of this paper is to analyze the linkages between properties of green
materials and its impact on sustainable design. Particularly, we are interested in
learning more on the use of sugarcane bagasse cellulose fibers in the production of
composite materials at the nanoscale and its applications in packaging design [1, 2].

In order to evaluate this new material, we have used an interdisciplinary
approach applying the results obtained by researches on materials and design. We
tested the materials specification inputs on software SolidWorks Sustainability to
estimate green attributes such as carbon footprint and total energy consumed, knit
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together with life-cycle thinking. Translated into the practice of design, they help
evaluate the relative greenness of different material as an instrument for design
alternatives, ensure a high product performance with the lowest possible environ-
mental impact.

The remainder of this paper is structured as follows: In Sect. 2, we briefly
discuss related work about design for sustainability and eco-materials for packaging
design. In Sect. 3, we outline the proposed methodology for achieve the research
results. Section 4 presents the results, while the last section is dedicated to conclude
remarks.

2 Design for Sustainability

In the interest of meeting market demands, new product development should not be
focused only on technical and economic performances [3]. Consequently, strategies
and development methods to promote products as sustainable as possible have been
incorporated in product design. In this context, to have a broader view of the
product’s environmental impacts, an innovative approach which extends to the end
of the product’s useful life and retirement have been developed, in opposition to the
conventional approach, where the product’s sale is considered as the final analytical
step [4]. Life cycle engineering (LCE) emerged in response to the need to develop
life cycles causing the lowest possible environmental impacts, while still offering
economic viability.

2.1 Eco-materials for Packaging Design

Well-designed packaging uses only as much of the right kind of material as nec-
essary to deliver what is required. As we can see in Fig. 1, as packaging is reduced,
the range of scenarios under which product losses occur rises, until eventually a
point is reached where the increase in product loss exceeds the savings from the use
of less packaging material. Any reduction in packaging beyond that point is a false
benefit, since it increases the total amount of waste in the system.

Consequently, there has been an increasing demand for identifying biodegrad-
able packaging materials and finding innovative methods to make degradable
solutions. Biodegradation is the process by which carbon-containing chemical
compounds are decomposed in the presence of enzymes secreted by living
organisms. There is a list of biodegradable materials used in different packaging
applications [6].



The Use of Sugarcane Bagasse-Based Green Materials ... 115

Negative
environmental impact
-
-~
\\ Optimum pack design P
”
\ P
A -
AY -~
\ 7
Ay = -~
N
~ -~ i
-~ -
- P o
Minimum
( ) environmental impact
Underpackaging Overpackaging
Minimum Increasing packaging

material material weight or volume

Fig. 1 Optimal packaging. Source The Consumer Goods Forum Sustainability Pillar [5]

2.2 Sugar Cane Bagasse Properties Advantages

In our review, we also were looking for themes or lessons that should be taken from
the literature on the properties of sugarcane bagasse [7]. Some of these themes
deserve special attention for its packaging applications, as summed in the next
paragraph:

e Fibrous residue of sugarcane after crushing and extraction of its juice, known as
‘bagasse’, is one of the largest agriculture residues in the world Versatility of
sugarcane residue usages; through its conversion inclusive but not limited to
paper, feed stock and biofuel.

e Analysis of SCB indicates that its main constituents are cellulose, hemicellulose,
lignin, ash, and wax. This composition of SCB makes it an ideal ingredient to be
applied and utilized as reinforcement fiber in composite materials for the pur-
poses of creating new materials which possess distinct physical and chemical
properties. These in turn are desired for anticipated performances based on pre-
set objectives.

e In comparison with other natural fibers, SCB is favored in the manufacturing of
high quality green products given its low production cost. This is mainly
attributed to the abundant availability of raw materials from the sugar processing
plants and its low pre-treatment costs [8].

e Within the natural fibers group, and after appropriate modifications and manu-
facturing procedures are applied, SCB displays improved mechanical properties
such as tensile strength, flexural strength, flexural modulus, hardness, and impact
[9, 10].

e It can be mixed with gelatin, starch and agar to produce tableware packaging
material.
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3 Methodological Approach

In this work a proposal for an innovative analysis of sugarcane based materials for
packaging design is presented. The sustainability analysis has been carried out
using sustainability module of SolidWorks software package.

3.1 How a Cellulose Nanofiber Is Obtained?

Following the experiments performed by [1, 11, 12], the Polylactide Acid (PLA)
used was supplied by NatureWorks with density 1,240 kg/m®> (ASTM 1505); gel
permeation chromatography (GPC), spectroscopic characterization (FT-IR), ther-
mogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were
used to characterization.

3.1.1 Nanofiber Production Using Chemical Treatment

In order to obtain the cellulose nanofibers (CnF), the sugarcane bagasse was
bleached with a hydrogen peroxide solution as a way of separating cellulose from
lignin, the natural glue that holds cellulose fibers together and stiffens plant stems.
The addition of a sulfuric acid 60 % (v/v) at 45 °C to an aqueous solution under for
half an hour mechanical agitation allowed the production of CnF. Then the sus-
pension was centrifuged and dialyzed with cold water until a pH (6) was reached.

3.1.2 Characterization of the Nanofibers

The atomic force micrograph (AFM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) were used to investigate the morphology
and size of the dispersed structures.

As usual during development of new materials, structural analysis is performed
in order to predict its behavior. These measures are then used in engineering design.
In the case of this paper, the CnF specifications used to calculate the environmental
impact on SolidWorks was the one with PLA 2.5 % nanofibers, as pictured in
Table 1. The reason is based on the set of properties considered most satisfactory
for packaging design.

3.1.3 Environmental Life Cycle Assessment Software
A life cycle assessment (LCA) is the comprehensive analysis of the direct and

indirect environmental impacts which are attributed to a product, material, service
or process, from raw material extraction to waste management. LCA has been used
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Table 1 Material specification used for structural analysis and environmental impact calculation

Sample Density Elasticity Rigidity Tensile strength Yield strength

PLA25 % | 1240 kg/m® | 10.3 x 10® N/m®> | 5.6 x 10® N/m* |21.84 x 10® N/m? | 17.94 x 10° N/m?
CnF

Source Adapted from [4]

by design teams to explore the environmental footprint of different material,
enabling better decision-making in product development, influencing eco-design
and validating environmental benefit claims.

SolidWorks Sustainability is a diagnostic tool that will identify strengths and
weaknesses in design process and predict the likelihood of sustainability thorough
data collection in regards to resource requirements as well as air, water and ground
emissions from manufacturing facilities [13, 14].

4 Environmental Impacts of Sugarcane Nanofibers
Packaging Design

As part of the design process, construction of structures depends on the combi-
nation of material selection, structural analysis, and optimization. Therefore,
computational simulation tools are important intermediary between design and
realization [15]. Computer-Aided Design enables analysis of stress, strain patterns,
and, more recently, the impact of design alternatives on the environment. Thus, in
the early stages of the design is possible to get reliable estimates on the performance
of products during their life cycles. As a result, in order to solve problems,
designers must visualize the scenarios to identify the positive and negative effects
on the system.

4.1 Modeling Plates with Sugarcane Nanofibers Material
Jor Packaging

The chosen packaging concept is based on optimization of geometric characteris-
tics. Rectangular prisms appear to maximize volume, or how much a box can hold
inside it, while minimizing surface area, which determines the amount of material
necessary to build it. Taking this into account, two plates were modeled to simulate
multiple details of cellulose nanofibers material, which may be used to build several
package types. The plates were 0.50 m long, 0.25 m wide and 0.03 m thick. The
geometric structures represent hypothetical patterns that can be used to assist in an
exploratory search for a suitable behavior for a particular resistance pattern you
would expect from a product and at the same time to simulate the material reduction
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that occur in corrugated plates. As a result, plate 1 has a surface area equal to
0.221 m? and volume of 0.314 x 107> m> On the other hand, plate 2 has a surface
area equal to 0.194 m* and volume of 0.269 x 107> m”.

4.2 Sugarcane Nanofibers Plates’ Performance

Analyzes from sugarcane nanofibers plates experiments have considered that the
plates are glued to the four corners, forming a rectangular prism box. The reason is
because the base and the lateral faces of a box is supposed to be the most requested.
We also consider that the bottom of the box undergoes the action of uniformly
distributed loads, describing a situation that best represents a real use. In addition,
we applied loads estimated in the order of 390 N/m? to the faces of the plates, while
the values for the physical properties of material were estimated from the density
and elastic modulus obtained experimentally, as described in Table 1.

Once assigned the material properties of the plates, the aim of the experiment
was to determine whether the tension at the same point exceeds a certain critical
value called the yield stress. This state is characterized when the equivalent von
Mises stress reaches the critical value. The von Mises equivalent stress is typically
used to analyze the tension across the plate when it is subjected to a load condition.
In this case, the critical values were obtained from the results of tensile testing. In
Fig. 2, we show the distribution of stress in the plates la and 2b. In plate 1, the
maximum stress reached 1.1 x 10° N/m? while in plate 2 the maximum stress
reached 1.18 x 10° N/m?. These values are 10 % lower than the maximum tension

von Mises (NAn"2) von Mises (NAn2)

Plate 1 1.103e+006 118604005
l 1.011e+006 l 1.087e+006

. 918924005 . 983764005

. B2T1e+005 - 8599e+005

735204005 L 7.911e+005

543404005 692364005

551604005 593564005

4 5384005 4 94664005

. 3630e+005 . 3958e+005

Fig. 2 Tension distributions in modeled plates. Source Authors
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supported by the material. This suggests that the amount of materials used in the
plates can be diminished in order to improve its mechanical properties. Moreover,
the plates may resist to greater applied forces.

The differences in values shown in plate 1 and plate 2 are due to differences in
geometric pattern, which may lead to different results in mass and surface area,
implying a distinct load carrying capacity. The geometric pattern of the plate 2
results in greater strength compared with the plate 1.

4.3 Sugarcane Nanofibers Corrugated Box Design
Sustainability Performance

In this paper, the hypothetical design of a corrugated box was considered in order to
study sustainability outcomes. The analysis looks at a product’s life cycle, which
encompasses material production, manufacturing, product use, end-of-life disposal,
and all of the transportation that occurs between these stages.

It was also considered that the area of production and consumption is South
America. A region of production’s choice determines the energy sources and types
of technologies that will be used as well as the stages of production present in the
product life cycle. Together with the consumption region, these values are used to
estimate the environmental impact associated with transport the product from the
production site until it reaches the final consumer. In this study, the distance was
estimated in 1,600 km considering the whole life cycle and a half-life of about
1 month. We ran the simulations applying these fixed parameters and estimating
values for manufacturing energy consumption, material recycling, incineration and
waste destined for landfill.

Regarding energy consumption data to manufacture the material, they are esti-
mated since there are not actual data for the production of PLA in the literature.
This occurs due to the fact it is still an experimental material. However, given its
production depends on mechanical mixing and drying processes, these values were
estimated between 1.5 and 2.0 kWh to produce 0.456 kg of material. The envi-
ronmental impact factors applied in this analysis are: carbon footprint, air acidifi-
cation, water eutrophication, and total energy consumption.

4.3.1 Experiment 1
The first experiment considered a consumption of 1.5 kWh for the production of

0.456 kg of product. It was also found that 80 % of the material can be recycled and
0 % of it will be incinerated while 20 % will go to a landfill.
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4.3.2 Experiment 2

The second experiment considered a consumption of 2.0 kWh for the production of
0.456 kg of product. It was also found that 70 % of waste can be recycled and that
22 % of them will be incinerated and that 8 % will go to a landfill.

4.3.3 Comparing the Scenarios for CnF Use

In general, the sustainable performance of CnF observed in the two experiments
show that, as expected, levels of sustainability depend on variables such as energy
consumption, rate of product recycling waste after use, the amount of product final
waste which is incinerated and the amount of waste destined for a landfill.

In the first experiment, as observed in Fig. 3, items that are intensive in energy
consumption are both the production of material and the boxes. Likewise these are

Carbon footprint Energy consumed
W voterial W vioterial:
0.067 kg CO: 0.784 MJ
Manufacture: Manufacture:
0.063 kg CO» 0.310 M/
O Transportation: © Transportation:
4.66-3 kg CO; 0.063 MJ
End of fife: End of life:
0.015 kg COs 0.012 MJ
Total: Tolal:
0.150 kg COs 1.200 MJ
Air acidification Woter eutrophication
l Material: . Material:
1.96~4 kg SOz 4.4E-5kg P02
Manufacture: Manufacture:
1.9E-4 kg SO 7.4E-4 kg POz

o Transportation: 8] Transportation:

2.1E-5kg 502 4.6E-4 kg POz
End of fife: End of life:

1.2E-5kg 502 2.6E—4 kg PO:
Total: Total:

4.1E-4 kg SO 5.8E-5 kg PO:

Fig. 3 Environmental impact of experiment 1. Source Authors
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the items that emit more CO, in the atmosphere. For the same reason, these two
items are also the most relevant to air acidification and water eutrophication.

In the second experiment (Fig. 4), the amount of energy used is 33.3 % larger
than in the previous one. Therefore it has achieved the lower sustainability index
because the amount of energy used has a direct relationship with the amount of CO,
emitted into the atmosphere. This level of energy consumption, 2.0 kWh resulted in
the lowest condition of sustainability: 70 % recycling, 22 % incineration and 8 %
allocation to a garbage dump. The total energy consumption during the product life
cycle can reach 1.3 MJ, the highest value obtained in the two experiments.

Carbon footprint Energy consumed
W ioterior W voterior
/ 0.067 kg CO: 0.784 MJ
Manufacture: Manufacture:
0.084 kg CO: 0.413MJ
@ Transportation: [ Transportalion:
4.6E-3 kg CO: 0.063 MJ
End of life: End of life:
0.015 kg CO: 0.011 MJ
Total: Total:
0.171 kg CO: 1.300 MJ
Air acidification Water eutrophication
W oterior B voterior
1.96-4 kg SO2 4.4E-5kg PO:
Manufacture: -‘ Manufacture:
1.9£—4 kg SO: 9.9F-6 kg PO:
e Transportation: O Transportation:
2.1E-5kg S0 4.6E-6 kg PO:
End of life: End of life:
8.3E-6 kg S0: 1.7E=5 kg PO:
Total: Total:
4.7E-4 kg SO: 7.5E=5 kg PO-

Fig. 4 Environmental impact of experiment 2. Source Authors
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5 Preliminary Conclusions

Sustainability is a comparative process, which mean that in a situation where the
emission of greenhouse gases and energy consumption are at a certain level, we
must incorporate practices that reduce these values as lower as possible albeit
slowly. The CAD tools available have great power to foster sustainable practices as
now designers have the option to set the percentage of recycled material as well as
take into account the complete life cycle.

In this case, we were able to evaluate the environmental impact of a packaging
design that simulates the use of a nanocomposite based on sugarcane bagasse.
These analyzes include the sustainable design practices should account for levels of
power consumption compatible with product life cycle. As a result, encouraging the
reduction of energy consumption is the most important practice of sustainability
and it should be practiced by the society as a whole. The second most important
practice is to apply techniques for recycling and reuse of waste as a way to prolong
the life of the raw materials taken from nature. In the long run, it may decrease the
need for exploitation of raw materials, preserving the nature and offering more time
for recovering.

As part of future research, we intend to do more experiments with other samples
of PLA as well as other natural fibers so we could have a more complete view of its
impact on environment, resulting in better design decision.
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Does the Ecomark Label Promote
Environmentally Improved Products

in India and What Experiences Can Be
Drawn from the Nordic Ecolabel?

Jakob Thomsen and Tim C. McAloone

Abstract Ecolabels are used to give consumers information about the environ-
mental impact of products and thereby give an informed choice and an incentive to
the consumer to choose the ecolabelled product. The environmental effectiveness of
ecolabels ultimately relies on consumers’ willingness to pay extra for a product with
a lower environmental impact than alternative products. Various ecolabels exist
throughout the world, but the difference between the successful and the non-
effective ecolabels is large. This paper compares a best practice example of an
ecolabel with a less successful ecolabel—each belonging to a different region of the
world. Firstly we analyse, the ability of the Indian “Ecomark™ label to promote
environmentally improved products in India. The Ecomark scheme was launched in
1991, however the Ecomark label currently remains a nonstarter, with little
awareness and no real consumer demand. India’s Ecomark scheme has been ana-
lysed in several studies, all of which indicate that the scheme has had some flaws
from the outset regarding its basic structure and execution. With a point of
departure in these existing studies and further empirical insights from ecolabelling
experts in Europe, this paper seeks to identify the differences between the Ecomark
label and the second ecolabel under analysis—the much more successful “Nordic
Ecolabel” from Scandinavia. The structural differences, selection process for criteria
and the demand and awareness of the two ecolabels are analysed, in order to create
suggestions of how to learn from the schemes and ensure knowledge transfer,
regarding best practice.
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1 Introduction

The growing concern for the environment that has been experienced over the past
decades has seen a rise in the number of consumers, with a demand for products
that have been proven to be less environmentally harmful. Ecolabels provide
consumers with an opportunity to distinguish between the most environmentally
improved products and the rest of the market. Around the world, ecolabel schemes
are being used to provide consumers with environmental information about prod-
ucts. Ecolabels are a market-based tool, designed to give the consumer the possi-
bility to choose less environmentally harmful products, on the one hand, and to give
the manufacturer a way of differentiating its products, on the other. Environmental
goals are reached, because consumers are willing to choose ecolabelled products
over non-labelled products. Consumers, who are willing to pay extra for an envi-
ronmentally improved product, are often referred to as green consumers.

The first ecolabel to be released was the Blue Angel, established in Germany in
1977 [1]. Since then—and especially since the early 1990s, numerous national
ecolabels have emerged throughout both the developed and developing countries,
but the effectiveness of these varies considerably from country to country. Some
ecolabels are considered successful, with both a demand and a supply of green
products encompassing them, where in other cases the ecolabels are not being used.

International Standards Organisation (ISO) has defined three categories of
ecolabels [2]:

e Type 1—Environmental labels (ISO 14024)

e Type 2—Self-declared claims

e Type 3—Environmental declarations for the comparison of products (ISO
14025)

The purpose of this paper is to identify the differences between the Nordic
Ecolabel and the Ecomark label and make suggestions that could be adopted by the
Ecomark scheme to improve the efficiency of the label. The two ecolabels are both
Type 1 ecolabels (voluntary label, but with externally reviewed criteria). A Type 1
ecolabel follows a cradle-to-grave approach from raw material extraction, manu-
facturing and use, through to disposal. This means that the entire product life cycle
is evaluated, by use of a Life Cycle Assessment (LCA) [3] and if the product meets
the requirements set by the label, it will be a candidate for an ecolabel. The material
created to fulfil these requirements is subject to external review, in order to be
eligible for an actual ecolabel. The two ecolabels under study in this paper have
similar goals [4, 5], but their influences on the market, within which they operate,
are quite different. The Ecomark scheme has faced difficulties since it was launched
in 1991 and still remains a nonstarter [1].
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2 Methodology

This article bases its discussion and argumentation on the basis of three main
sources: existing studies of the Ecomark label; articles and reports on ecolabelling
in general; and further empirical insights from ecolabelling experts in Europe. The
articles and reports have been used to gain knowledge about which elements
influence the success of an ecolabel, in particular the Nordic Ecolabel and the
Indian Ecomark label.

3 The Ecomark Scheme

In 1991 the Government of India introduced the ecolabel scheme Ecomark. The
scheme was introduced to make it possible for consumers to identify environ-
mentally improved products. The Ministry of Environment and Forests (MoEF)
constituted two committees to manage the scheme. Firstly an Inter-Ministerial
Steering Committee was established and given the responsibility of selecting
product categories, creating awareness of the scheme through promotion, and
formulating future strategies for the scheme. Secondly, a Technical Committee,
constituted in the Central Pollution Control Board (CPCB), was established to
specify the criteria for products, set up sub-committees for specific product cate-
gories with external experts, and evaluate the environmental impact of the specific
products [1]. The Bureau of Indian Standards (BIS) evaluates and certifies
submitted proposals of candidate products to receive the Ecomark label, and
decides whether a product with the Ecomark label can keep the label or not.

To obtain the Ecomark label the company must pay a fee (500 Rupees equal to
6.16 € at the time of writing), fill out predescribed application forms and open its
production facilities to inspections and testing of the product [6]. Expenses from
testing and inspection are bourn by the applying company. The licence to hold the
Ecomark label is awarded for a duration of one year, with the possibility of a two
year extension, based on the performance of the product in preceding years.

4 The Nordic Ecolabel

The Nordic Ecolabel was established in 1989 by the Nordic Council of Ministers as
a way of increasing demand and supply for green products. The member states of
the Nordic Ecolabel are: Iceland, Norway, Sweden, Finland and Denmark.

The label is administered by a third-party control agency, The Nordic Ecola-
belling Board, which sets the same criteria for products across all the Nordic
countries. The member states each have a local organisation, which takes care of the
daily tasks related to the label. In Denmark the Nordic Ecolabel is operated and
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administered by a non-profit organisation called Ecolabelling Denmark. This
organisation is a part of the Danish Standard Foundation, which has been
appointed to handle the operation of the ecolabel by the Danish Ministry of the
Environment.

The Nordic Ecolabel has standards for over 60 product groups and over 5,000
products have been granted licence to use the label [7]. To obtain the ecolabel there
is an application fee (2,000 € at the time of writing) and once the licence has been
granted, there is an additional annual fee, based on the product or service.

5 Problem Analysis

Both labels are Type 1 ecolabels with the similar goals, but the two labels have
experienced very different rates of success. The Ecomark scheme has so far not
experienced success [1, 8, 9], whereas the Nordic Ecolabel is considered to be a
large success, with market coverage in some product categories of up to 50 % [7].
Different analyses on the Ecomark label have suggested several reasons for the lack
of success of the label. These reasons are examined in the following sections and
compared to how the same problems are being tackled by the Nordic Ecolabel.

5.1 Structural Differences

The selection of criteria and operation of the two ecolabels are quite different. In the
Indian example the organisation behind the Ecomark label is split into a three-tiered
system. The Steering Committee controls both promotion of the label and selection
of product categories. This committee consists mostly of state officials and a
maximum of five non-officials, selected by the Central Government to represent the
industry, consumer groups or other NGO’s. Of these five non-officials at least two
should represent consumer groups [8].

The Technical Committee consists of directors from various technical institu-
tions and representatives from consumer groups and industry [8]. The Technical
Committee identifies the criteria upon which the products should be evaluated.

The Ecomark scheme has been criticised for having some structural problems.
The majority of state officials in the Steering Committee means that these carry a
great responsibility for the progress of the scheme. Due to the fact that progress
relies on state officials, their willingness to promote the label has been an important
factor. The Inter-Ministerial structure of the Steering Committee has resulted in the
participation of the members being on a voluntary basis [8].

According to Mehta, the Ecomark label has been considered by the CPCP
(which is where the Technical Committee is constituted) to be additional work,
dictated from the MoEF, because the Ecomark was not originally under their
purview [8]. Additionally the BIS has been criticised for its lack of commitment to
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implementing the Ecomark label. This stance is supported by the fact that the BIS,
which is the certifying agency, has no mention of the scheme on its webpage [1].
The abovementioned structural problems indicate that the Ecomark system has not
been given the sufficient attention by the main bodies in charge of its implemen-
tation and execution.

It seems that the tried and tested structure of the Nordic Ecolabel could be the
example to follow, if the Ecomark system, were to consider restructuring with a
view to being more efficient, representative and ultimately successful. In the liter-
ature reviewed about the two ecolabels’ structures, a series of recommendations are
discussed by many of the authors. In the following we present our collation of the
considered recommendations towards adjusting the structure of the Ecomark sys-
tem, which we have chosen to present in a normative manner.

An ecolabel board should be established, similar to the Nordic Ecolabelling
Board, and a control agency should also be established, similar to Ecolabelling
Denmark. The ecolabel board should consist of representatives from industry and
consumer groups as well as environmental NGO’s. The MoEF should appoint the
representatives on recommendations from the different interest groups. The ecola-
belling board should identify product categories and verify the specific require-
ments for the products. The control agency should be a separate part of the BIS and
should make recommendations for product criteria, test and verify products, and
award the label. The control agency should consist of people assigned outside the
central government to be responsible for the ecolabel instead of giving officials
extra assignments. The scheme would have an executive power in the BIS and a
legislature power in the ecolabel board, with a combination of the Steering and
Technical Committee. The point of making an ecolabel board is to make sure that
the stakeholders are being involved in the development of the product criteria. By
establishing a separate control agency, testing and verifying products would not be
regarded as additional work and this would ensure commitment from the employees
involved. The above changes would come at an additional cost to the Indian
government, meaning that there would have to be political will to invest in the
Ecomark scheme.

5.2 Demand and Awareness

For an ecolabel to be effective both industry and customers need to know what the
ecolabel represents. Analysis suggests that there is a clear lack of awareness of the
Ecomark scheme [1, 8, 10].

The lack of awareness from both industry and consumers means that companies
do not consider the Ecomark label as a way of differentiating their products. Several
paper mills were granted the Ecomark label, but chose not to use it [10]. The fact
that companies that originally applied and paid for the ecolabel, but later decided
not to use it is a clear indication that promotion is needed, to make the scheme both
understandable for the end customer and more attractive for a manufacturer to use
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the label. In contrast, surveys from northern Europe show that 94 % of the popu-
lation recognize the symbol of the Nordic Swan (the logo of the Nordic Ecolabel)
and are aware that it is an environmental label [11]. This level of awareness creates
a much larger incentive for companies to file an application for the Nordic Ecolabel,
because the label ensures a clear differentiation of their products from the rest of the
market.

The largest difference between the Nordic Ecolabel and the Ecomark label is, of
course, the markets within which they operate, and the creation of ecolabels is often
based upon the local demand for environmental improved products. A Gallup survey
in the beginning of the 1990s shows that consumers in India were willing to pay a
higher price for a environmentally improved product [12], but according to Dilip
Biswas, the former chairman of the CPCB, this is not the case: “Consumers’ attitude
of ‘buy cheap’ rather than ‘buy green’ is a major impediment in promotion of Indian
Ecomark” [13]. The quote is of course part of one person’s explanation of why the
Ecomark was unsuccessful, but his conclusion is supported by the paper Identifi-
cation of Enviro-Eco Indicators for Environmental Sensitivity, which suggests that
the reasons why people in India are more likely to buy low quality cheap products—
and sometimes also hazardous products—might be to lack of money, knowledge,
and/or education [1]. A survey in 1998 also showed that only some consumers in the
higher income group were willing to pay a higher price for an environmentally
improved product, provided the price were not higher than 10 % [8].

According to Grossman and Krueger there is a threshold limit value for when
countries will experience an improvement in demand for environmentally improved
products, which is estimated to be around US$8,000 per capita income [14]. In
India the income per capita is approximately US$1,570 compared to approximately
US$61,110 in Denmark [15]. The differences in income indicate that the two labels
clearly have very different bases for creating demand for ecolabelled products.
However a study in Denmark found that an increase in income for both high and
low income groups would increase consumers’ probability of buying ecolabelled
products, instead of non-labelled [7]. With the expected income rises in India over
coming years, this might increase consumers’ willingness to choose ecolabelled
products.

To create an incentive for companies to apply for the Ecomark, it is necessary to
create a demand for environmentally improved products; this could be created by
the Indian government adopting a green procurement strategy. The MoEF initiated
in 2009 the development of a green public procurement, based on the Japanese
model [16]. Government-related institutions constitute nearly 80 % of buyers of
goods [1], but in order to create a demand for environmentally improved products,
there must be a way for governmental institutions to differentiate between alter-
native products. It is exactly here, where the Ecomark label can play its part. With
the government demanding Ecomark labelled products, an incentive for companies
to supply labelled products would be created. By combining green public pro-
curement with the Ecomark label the government would help to kickstart the
Ecomark label. This positive effect could be transferred to the private consumer
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market; studies from Denmark show that a greater availability of ecolabelled goods
makes it more likely for consumers to choose ecolabelled goods [7].

The analysis made on both demand and awareness suggests that a promotion
campaign of the Ecomark scheme is necessary. Both the industry and consumers are
currently unaware of the existence of the Ecomark label. Studies show that gender, age
and education level have an influence on the consumer’s willingness to pay for an
ecolabelled product. For example, studies in different places in the world—including
Denmark and India—show that female buyers are more likely to choose an ecolabelled
product [7, 8]. The results from these studies should be used in order to try and create a
demand for products with the Ecomark label.

5.3 Criteria for Products

The Ecomark label has been criticised for setting standards, that did not fit the
Indian market [9]. In some cases the criteria have been set too high, which would
make the production for an Indian company much more expensive. The Nordic
Ecolabel avoids this problem by setting (and adjusting) the label criteria, so that the
top third of the market are able to meet the environmental standards. This means
that the product is differentiated from the majority of the market, but the standards
are still possible to reach. As soon as more than a third of the market exceeds the
environmental demands set by the Nordic Ecolabel, the criteria are revised and
adjusted.

In the Nordic Ecolabel criteria for a given product group are decided and also
given an expiry date. The expiry date is normally set to four years after approval.
The Nordic Ecolabel then makes sure that the criteria are revised, one year before
they expire and that the companies possessing the label are given notice about
changes in the criteria. Newly approved criteria are evaluated six months later, to
check whether the level of demand has been set adequately, too high or too low.
This strategy makes the development of criteria very transparent to both industry
and green consumers. The most suitable product groups are chosen from a so-called
“RPS” (relevance, potential, steerability) strategy. For a product to be considered it
needs to have: relevance with respect to specific environmental problems it relates
to; potential to have a significant environmental impact, if a label is created for this
category of product/service; and steerability, related to how the product, activity or
problem might be affected by the requirements of the Nordic Ecolabel [17].

The fact that the Ecomark scheme has been criticised in several studies for
setting requirements too high indicates that requirements should be revised. The
RPS strategy used by the Nordic Ecolabel would seem to be a sensible strategy for
the Ecomark to adopt, in order to revise the focus for its criteria for various product
groups.

Especially the fact that a product must live up to both an environmental and a
quality standard has been criticised [8]. Due to the fact that the product has to
comply with BIS’ quality standards means that many companies will be put off
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making environmental improvements towards the Ecomark label, simply because it
becomes too expensive to meet both standards [1, 9]. The BIS has over 1,700
standards, but according to BIS themselves, only 1,300 standards are recognised by
industry, in practice [8]. If it is required to live up to standards that are not
recognised in industry, companies will be likely not to apply for the Ecomark label.
The Nordic Ecolabel also has standards in both environmental impact and quality.
The fact that the Ecomark label consists of environmental and quality standards
means that even more requirements are necessary to fulfil for a company applying
for the label. If it does not add value to the consumer’s opinion of the product, one
consideration could be to split the label into two parts—one for quality and one for
environmental performance. On the other hand it could be used as a marketing tool
if used correctly. If the Ecomark label is associated with high standards in both
environment and quality, the green consumer might be willing to pay more for a
product with the Ecomark label.

6 Discussion

The Ecomark scheme has existed for over 20 years, but still has not gained any real
influence on consumers or manufacturers. The fact that the Ecomark scheme still
remains a non-starter has raised questions on whether a Type 1 ecolabel really is
what India needs to promote environmentally improved products, just now. Studies
have suggested that another kind of label might fit the Indian market better [8, 9].
The cradle-to-grave approach might be difficult to understand for manufacturers and
consumers in an emerging economy and the Type 1 ecolabel requires a lot of
credibility in the ecolabel.

The Ecomark has to compete with ecolabels that are easier to implement and
understand, such as self-claimed ecolabels (Type 2). Type 2 ecolabels give claims
about one environmental factor, where the product is doing well, but do not
consider the whole product life cycle. These labels rely on the consumer to be able
to make their own judgements about which product is ultimately the most envi-
ronmentally improved. In the absence of a dominant ecolabel, Indian industry has
made many different environmental claims. An independent study shows, that
multiple products used misleading environmental claims to make the product seem
more environmentally improved than it really is [8]. Changing the Ecomark label to
a Type 2 would mean that the scheme would use its resources to verify these claims.
This would be quite expensive and would leave the green consumer with the
responsibility of determining, which product is less harmful to the environment. If
the goal is to create a market for environmentally improved products, this is not the
most effective path to take.

It has been suggested to make a grading of the Ecomark label, in order to make it
easier for people to distinguish between products. This approach is often used in
performance-based ecolabels where, for example, one product has been certified
with a label that indicates that it is more energy efficient than other products in the
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category. In 2006 India founded a performance-based ecolabel on energy efficiency
called the “BEE Star Label” (Bureau of Energy Efficiency). The BEE Star Label has
been quite successful, considering that it is a new ecolabel [9]. These kinds of labels
have the advantage that every product can be labelled instead of just the most
environmentally improved product. Making a grading within the Ecomark would
make it possible to differentiate products within the label, but it would also leave it
to the consumer to make a choice, how green they want to be. This will create
competition between the individual products in the label and will make the decision
of how the product is graded much more sensitive. With the Type 1 ecolabel as it is,
the consumer knows that he or she is getting one of the most environmentally
efficient products available and the competition is between the products with the
ecolabel and the products without the label. From a consumer’s point of view it
would make the decision even more difficult, if products within the Ecomark label
were graded.

What do ecolabels mean for product development? There seems to be high
congruence between countries with strict environmental demands and successful
ecolabels, and the amount of consideration made in product development towards
environmental improvements. Scandinavian and other northern European countries
(e.g. Germany, France, Holland) fall into this category. In these countries the
majority of existing methodologies and tools regarding ecodesign, life cycle
assessment and eco-innovation originate. It seems, therefore, that ecolabelling and
ecodesign activities are closely connected. For many years there have been large
efforts to ensure tools and methods for ecodesign (often with improvement goals
similar or identical to ecolabel criteria). More recent research efforts seem to be
moving away from “yet another tool”, towards understanding how to ensure the
right conditions for ecodesign in a company, studying typical environmental per-
formance indicators and understanding how to help companies become more
mature in their ecodesign processes. It seems clear that with ambitious yet realistic
ecolabels in place at a country level, the role of ecodesign, from product to product,
becomes more focused, thus guiding the tools, methodologies and processes of
ecodesign itself.

7 Conclusion

The Ecomark scheme started in 1991 with the intentions to influence Indian con-
sumers to buy environmentally improved products, but it in order to make this
impact the Ecomark label needs a revision. The three-tiered system has proven to be
inefficient and way too bureaucratic. The current system’s dependence on state
officials, the lack of involvement of the BIS and lack of awareness of both industry
and consumers makes it unattractive to apply for the Ecomark label. To make the
Ecomark an efficient ecolabel, the responsible stakeholders must be committed to
the progress of the ecolabel. This will require a political willingness to invest in the
ecolabel and provide a kickstart to ensure its success.



134 J. Thomsen and T.C. McAloone

The Ecomark’s ability to promote environmentally improved products relies
greatly on the organisation behind the label to be efficient and well-structured. To
ensure active involvement in the Ecomark scheme we propose that an ecolabelling
board and a separate control agency be constituted. The ecolabelling board will
make sure all stakeholders are involved in the development of criteria. The
ecolabelling board should be constituted of people representing environmental
NGO’s, industry interest groups and consumer interest groups. A control agency
such as Ecolabelling Denmark will consist of a group of people with technical
expertise and people with expertise in sales and marketing. The agency would have
the responsibility of promoting the label and taking care of technical aspects, such
as setting requirements and evaluating products. This would create a clear job
description for both organisations and the ecolabel would not be part of another
organisation, where it is not the main priority.

Even though these initiatives would improve the functionality of the Ecomark
scheme, it would still face large challenges in promoting environmentally improved
products. The price sensitivity of consumers in India will still be a big factor and
will make it difficult create demand for ecolabelled products. Green public
procurement could be a way of kickstarting the Ecomark label by creating a demand
of products holding the Ecomark label, but to make any real difference, a private
market demand must exist. This demand can only come from a rise in consumers’
willingness to pay for ecolabelled products. The willingness of consumers relies
partly on the credibility of the label and partly on their awareness, ensured by
campaigns and descriptive marketing. The Ecomark scheme should therefore make
an effort to enforce the credibility and awareness of the label. There is no doubt that
India has great potential to contribute to greatly improved products, seen from an
environmental perspective. Even though the Ecomark label is currently not suc-
cessful, many important considerations and decisions have been made. Given a
re-framing, revision and kickstart of the Ecomark scheme, we believe that the
scheme can be developed to contribute greatly to sustainable development.
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Taki, the Community (Sustainable)
Sensory Garden

Design as Generator (DAG) Part I

Phebe Valencia and Martin L. Katoppo

Abstract Design as Generator (DAG) is an idea turning design to be a generator
for others especially within communities. In the world of DAG, design should be
practical and applicable as it served its own goal: to enhance the quality of human
life. If we talk about the quality of human life, it could not be separated from its
environment. Human has amazing ability to shape its environment and fill it with
their daily habits which will then develop into a culture that shows their identity.
Thus we propose that environmental concern awareness is needed to be built within
the community in relation with its sustainability issues. Taki (shortened for Taman
kita, means ‘our garden’) community (sustainable) sensory garden will be one of
the first community projects of DAG. As a garden, Taki will not just aiming for
visual pleasantly garden but rather it will be aiming on building the community
awareness and the place for inducing children creativity. It will be using the idea of
designing sensory garden which is useful for all members of the community to
stimulate and to provide experiences for heightened sight, smell, hearing, touch,
and taste. Taki will be located inside the suburban kampong of Pondok Pucung,
South Tangerang, Indonesia; surrounded with a mega modern residential real estate.
The specific location of it will be on an empty disarray lot owned by local and being
used by members of its community as garbage dumping and burning site. This
paper will emphasize on: (1) how to design for, with or even by the community; (2)
how to design and build a sensory garden for community; (3) how to make the
design dwell (sustain) in the community—with its main activity of building
awareness and inducing environmental sustainable way of life. The design process
of Taki aim for larger purpose: community empowerment through design. For this
purpose in the end of the paper, authors will try to propose a research design
method deemed suitable.
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1 Mission and Purpose

If we talk about the quality of human life, then it could not be separated from its
environment. Current trends showed awareness of environmental sustainability is
increasing. Designing a garden for community is one way to protect and creatively
enhancing the quality of natural environment. Taki (shortened for Taman kita,
means ‘our garden’) community (sustainable) sensory garden will be a design
project for, with or by the community. It short range plan mission is “to engage the
community and their needs through inducing sustainable way of life in Kampong
Pondok Pucung, South Tangerang, Indonesia”, while it long range plan mission is
“to enhance Kampong Pondok Pucung community quality of life, thus to empower
the community through design activities (research and action) inducing creativity
and providing innovation pipe lines within them to ensure its sustainability”. This is
where the idea of Design as Generator (DAG) comes in. DAG is an idea turning
design to be a generator for others especially within communities. In the world of
DAG, design should be practical and applicable as it served its own goal: to
enhance the quality of human life [1].

Taki will be DAG prototype and example of how design can be a generator that
generates others. Taki as a garden will not just aiming for visual pleasantly garden
but rather it will be aiming on building the community awareness and the place for
inducing children creativity. It will be using the idea of designing sensory garden
which is useful for all members of the community to stimulate and to provide
experiences for heightened sight, smell, hearing, touch, and taste. Sensory garden
also can serve many functions such as teaching, socializing, and healing. The
garden will not only be educational and fun, but it will be benefitting the children
with their interaction with nature in all aspects of their development: physical,
mental, moral and emotional [2].

The project goals are:

e To provide communal space for gathering and maintaining the warm connec-
tivity within the Kampong’s community.

e To provide stimulating garden environments for the children to play creatively
and imaginatively.

e To provide environmental friendly and sustainable application system that is
easy and accessible for everyone, in which later should promote awareness
within the community.
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2 The Design Team

The planning and design team consisted of DAG members (Martin L Katoppo—
architect and lecturer with his wife Ruth Euselfvita Oppusunggu-architect and a
mother of two, they lives in the Kampong where faki garden has been proposed;
Rakyan Tantular-architect and environmentalist; Phebe Valencia-interior designer
and lecturer, and; Ade Maradona SW-graphic designer) [3].

The stakeholders are the community of Kampong Pondok Pucung, South Tan-
gerang, Indonesia consist of the natives who usually owned the land and the
temporal dwellers; the local informal leaders; the formal or local institutional or
government representatives; the housewives and mothers; and especially the chil-
dren (age 3—12 years old). Children in the age of 3—7 years old are beginning to
explore, while children in the age of 5-12 years old are beginning to explore lots,
woods, ditches and other interesting places around their home [4].

3 The Design Process

Taki begins as an idea, emerged as a continuing research on how design influence
and changing people perception towards their improvement and later their
empowerment. The first experimental project was a dwelling designed by DAG
members within Kampong Pondok Pucung that uses many features that promote
sustainable way of life. The dwelling intentionally designed to influence and
generates inquiry from the Kampong’s community. Because of the responses were
pleasing, DAG members then thought that this intention of influencing community
toward their improvement through design should serve broader context. Thus the
idea of designing public facilities in a form of community (sustainable) sensory
garden emerged, giving birth to Taki.

As stated above in Taki’s mission, the garden at first should urge community
engagement and later pushing the community to empower themselves through
design activities and intervention. With this in mind, DAG team then planned the
design process phase, which are: (a) Observation and Interaction phase—DAG
team observed intently and built up relationship with the entire stakeholder within
the community, especially children (age 3—12 years old) to absorbed and experi-
enced their everyday lives. The main goal of this phase was to identify the problems
(explained in Sects. 3.1 and 3.2); (b) Designing phase—DAG team then will design
the garden based on findings in the first phase (explained in Sects. 3.3 and 3.4); (c)
Action phase—DAG team will arrange action plans to engage Taki’s design ideas
to the community members, while in the same time gathering feedbacks from them
(explained partially in Sect. 4) and; (d) Delivering and the making of Taki for, with
and by the community (for the further research).
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3.1 Site Inventory and Analysis

The garden location is in Kampong Pondok Pucung, South Tangerang, Indonesia.
The kampong is mainly a remaining native kampong surrounded by concrete walls
built by the developer of mega modern real estate adjacent to it. The kampong itself
in contrast to the mega modern real estate, is far of being well developed as it is a
self-growing housing area through informal and disarray setting. It has no proper
roads, sewer system, utilization, sanitation, and garbage disposal system, thus
resulted on community ignorance or at best tried conventionally managed it (i.e.:
burning the garbage, made a traditional embankment for human waste disposal,
etc.) (Fig. 1).

The kampong inhabitants profile comprise of the natives (few clan of families
who owned most of the remaining lands, private and rental houses or rooms) and
the temporal dwellers (most are from Java’s region). From the observation DAG
team found that both of the kampong inhabitants, adults and children, are dealing
poorly towards garbage disposal system, healthy and appropriate environment. On
the other hand, the observation also showed that relationship between the kampong
inhabitants still shows the traditional and warm connectivity towards each other.
They socialize in front of their terrace, on the road with passerby, mingled in front
of small kiosks, gathered in mosque and prayer groups, engaged in every com-
munity celebration (i.e. wedding, circumcision party, watching temporal big screen
movie, etc.), maintained night watch activities, and many other communal gath-
ering activities. The young ones, the children always and love to play, doing
outdoor activities wherever there are open spaces, let it be on the road, empty
disarray lot or even in someone’s yards (Fig. 2). Interestingly, both attitude and
values mentioned above are absolute opposite if compared to the modern society
living in the mega modern real estate neighboring the Kampong.

The specific location of taki garden will be on an empty disarray remaining lot
owned by one of the native families in the kampong. The location is strategic as it is
located in the junction between neighborhood association and the main kampong

Fig. 1 Kampong Pondok Pucung, a self-growing housing area through informal and disarray
setting without proper infrastructure Source Katoppo and Oppusunggu 2011-2014
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Fig. 2 Kampong Pondok Pucung social-community and children activities. Source Katoppo and
Oppusunggu 2012-2014

street that leads to the mega modern real estate. The owner built five rental rooms
for the temporal dwellers on the lot and leaving the remaining empty for now. In the
future the remaining vacant lot will be built as another rental rooms. In the
meantime, this remaining 13 x 14 m? vacant lot is just an empty disarray lot in a
wreck condition. The lot was used mostly as garbage burning and dumping sites,
place to dry the washed clothes, children playing, vehicle parking, temporary
activities (i.e.: celebration tent for wedding, traditional musician performer stage,
temporal big screen movie, etc.). Although seemed strategic (one of the kampong’s
center and intersection between many places) the place, instead of contributing
positive value to the Kampong’s environment, is actually contributing more to the
already deteriorated quality of the whole Kampong’s environment (Fig. 3).

The background was essential in the preliminary design discussion, including the
lot status that is still being negotiated with the owner and the public official until
now. DAG team proposed to only borrow the lot meanwhile it empty and not being
used by the owner. The owner is still not certain lending the lot for public use,
especially in the form of garden. His main concern that he might lost the legal
ownership of the lot. Suppose that he gave his permission on it, the owner needed
assurance that the lot will always be his and that he still can do anything he wants to
the lot whenever he needed it especially to build another rental rooms.

Fig. 3 Taki’s lot. Source Katoppo and Valencia 2013
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3.2 Program Development and User Needs Identification

When designing a sustainable garden we should have and consider the following [5, 6]:

1. Think holistically: knowledge of the larger context ensures the connectivity of
the garden, thus ensuring its sustainability—such as: observe and maintaining
the people activities and habits. Sustainable garden should provide social spaces
for people to interact and build social capital and educational component that
promotes stewardship. Garden should be able becoming place that build the
quality within its communities.

2. Be Yourself: create a unique experience that visitors could not imagine finding
anywhere else.

3. The detail features of Sustainable Garden design: (a) Resource Conservation.
The garden should make best of the site’s potentials; (b) Storm Water Man-
agement. The garden should manage its water usage and recycled it, including
the rain water; (c) Waste Reduction. The garden should provide garbage dis-
posal system that put forward the 3R principle: reduce, reuse, and recycle; (d)
Social Capital. The garden should foremost deals with accessibility for every
types of its user, including disable user. It should also design social gathering
place, incorporate interpretive signage of the site history and sustainable design
principles, provide bicycle and pedestrian linkages, and the possibilities of
exhibiting public art activities; (¢) Low Maintenance. The garden in this sense
should be easy for everyone and sustainable for its communities to be envi-
ronmentally friendly maintained.

4. The Challenges and Opportunities: (a) Funding. As in every sustainable
design projects, the initial costs higher than building just the usual garden, while
the maintenance an operating costs in the long run will be much more effective
and efficient, especially if the garden connectivity to its communities inter-
twined; (b) Changing perception. This comes up throughout the design process
until the garden operates and with everyone that is involved in it. It is imperative
that everyone is involved because this will create a sense of public ownership
and stewardship, thus the sustainability of the garden will also be ensured; (c)
Collaborate. Use professionals with a wide variety of backgrounds and per-
spectives because collaboration generates rich and dynamic experiences.

When designing garden for children, we have to consider: (1) their age group (in
our case varied between 3 and 12 years old), and; (2) what are they going to play.
Children are always active. They have broad imagination spheres, love to get along
with each other, like to do experiments and while their attention absorbed, they also
like playing in peace and quiet. Therefore playground for children should consid-
ered physical games, creative games, social games, sensorial games and resting and
reflection space. The most recent trend of designing garden is the consideration of
having chances stimulating all the 5 senses of its user, whether the adults or the
young ones. The approach of having 5 senses stimulating garden is usually a
combination between making use of natural resources and middle to high
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technology. The key concept of 5 senses garden is interaction between all the
elements of the garden and its user. The 5 senses garden should encourage its user
to actively participate and interact with acoustic, visual, tactile and olfactory phe-
nomena while at the same time learning how their own actions elicit certain
responses [7].

DAG team identified Kampong Pondok Pucung community essential needs to be
projected unto this garden, which are: (1) For the environment, the lack of public
facilities and proper infrastructure resulted in the ignorance attitude towards the
living and natural environment from the inhabitants or the community itself. The
presence of sensory garden that induce sustainable way of life awareness should be
appropriate; For the adults, they need communal space for gathering—a place for
community engagement; (2) For the children, they need space to creatively play.
In this sense providing a garden serves special purposes. Garden means play for
children, while children mean the future. Thus by designing and proposing garden,
we will also be investing to new character and awareness to the future generation
and by that to the future of their dwelling place. Playing activities, therefore, are
invaluable ‘dress rehearsals’ for their future lives and garden is the best space to be
the place for this specific and driven-purpose activity.

3.3 The Design

Taki, the community (sustainable) sensory garden will provide [8]:

1. Communal gathering space will be place at the best spot facing the main road
as the gate and the symbol of the garden. It will be built as a simple movable
stage and roof construction using bamboo or used wood and steel as the
materials. It will be in a form of amphitheater. The floor will use scraped roofs
or knitted bamboo woven. This space ensures any temporary celebration
activities usage.

2. Children playground will be the heart of this garden. The playground designed
with vast green grass formed mildly leveled and contoured stimulating adven-
turous sense to the children. It served as parts. The green grass will be planted
on the top of movable and elevated simple used wooden planks or used steel
construction.

3. The 5 senses interactive and greenery walls will be located and using the
walls from the existing rental rooms. The designed walls will not just be
interactive equipment for children through the 5 senses stimulating materials,
but also interactive equipment for adults through its greenery walls on the upper
side of the 5 senses interactive walls. The walls also served as place where the
adults still can hang their washed clothes in the morning before the children play
in the early evening.

4. The water and garbage disposal management system. The water manage-
ment system will use the existing water tank modified to be also able catching
the rainwater, and re-use it for the garden maintenance and for the water feature
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that children can play with. The garbage disposal management system will use
separate bins for types of garbage, biopori, recycling bins, takakura bins, small
garbage sorting workshops and creative area where adults or children could play
with recycled and non-hazardous garbage. Both systems will also act as inter-
active educational tools for the adults and the children, targeting on building up
their awareness on the issues and as a trigger for their creativity especially
responding to their own dwellings.

5. Playing equipment (i.e.: sliding and climbing) will be made from recycled
materials.

6. Stimulating Path will use the existing layer of the lot combined with materials
that can stimulate the tactile experience, such as: stone pebbles, scraped roof tile,
used tiles, etc.; while also considering the safety for its user especially the
children.

7. Accessibility of the garden will be from every corner of the lot, as it designed
without fence or walls. The garden will also provide: vehicle and bicycle
parking.

It should be noted that Taki is designed as modular parts using knock down
system as a response to the lot’s status of ownership concerned by the owner.

3.4 Design Implementation
See Figs. 4,5,6,7,8,9, 10 and 11.

A ) Sensory wall
= Touch (sand and gravel wall)
= Smell {green wall, plants)
- Sight (reuse material, paint)
= Sound (pipe with some holes)
13 ) Pathway 1, Material : Brick
C ) Pathway 2, Material : Gravel
Iy Pathway 3, Material : Sand
E ) Pathway 4, Material : Stone
F ) Waste collection area
- Oxganic

Biopori
G ) Slide
1 ) Gathering arca
Material : Reuse bamboo, broken

clay roof tile and reuse concrete

1) Play arca
Material : grass and rubber mat

1) Water arca
Rainwater harvesting

K ) Parking arca
Material : tires and brick

L ) Main pathway

M ) Vegetation arca

Fig. 4 Taki’s plan. Source Katoppo and Valencia 2013
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Fig. 5 Taki’s parkl (before).
Source Katoppo and Valencia
2013

Fig. 6 Taki’s parkl (after).
Source Katoppo and Valencia
2013

Fig. 7 Taki’s park2 (before).
Source Katoppo and Valencia
2013

4 Reflections

‘The needs to turn Taki garden into collaborative and engaging participatory
process’. Taki design is the results of the team intent and deep observation, as well
as interaction with the community, especially with the children. However the design
presented in this paper is still in its preliminary stage on its process to be shared and
discussed with the community. We believe that to complete the cycle of
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Fig. 8 Taki’s park2 (after).
Source Katoppo and Valencia
2013

Fig. 9 Taki’s park3 (before).
Source Katoppo and Valencia
2013

Fig. 10 Taki’s park3 (after).
Source Katoppo and Valencia
2013

sustainability of Taki, we must giving it back to its community that will share Taki
from its impregnation, to its becoming and later growing infatuation, deviate, stray
and depart towards the quality of life enhancement of this particular community
itself and of course the quality of the environment. The recent development of Taki
took form of an action-event that is arranged and carried out by the DAG team,
called ‘Color Your Kite’ day held on the previous mid-April, 2014. This action-
event targeted for the kampong’s children, was aim at gathering them in playful
activities, while in the same time became learning activities and campaign for
raising awareness on how they should contribute on keeping their kampong clean
and healthy. The action-event also became DAG team research activities for
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Fig. 11 Development sketches. Source Valencia 2013

gathering more data especially on the community everydayness, having a chance to
interact with the children and the parents—mothers that accompany their children, in
a more casual manner. ‘Color Your Kite’ day was actually planned as one of the
preliminary action-events towards the needs to turn Taki garden into collaborative
and engaging participatory process in its awake [9]. The action-events series are
also served as preliminary research and introductory notion towards Taki greater
goal, in which showing how design activities (both within the context of research
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Fig. 12 ‘Color your kite’ day. Source Valencia 2014

and action) can induce creativity within the community and then later
empowering them (Fig. 12).

While undertaking the research and action activities throughout Taki design
process, DAG team founded, developed and built a specific research design
method, adopting a mixed methods model developed by Creswell and Clark (2007),
namely Sequential Embedded Experimental Model [10]. The proposed mixed
methods design will allow quantitative and qualitative methods to be used com-
plementary in design research, taking the researcher along quantitative sides within
the experimental design innovation done through prototyping and effects mea-
surements during design intervention; and along qualitative sides as experience
appreciations within participatory activities among every stakeholders during the
whole process of design, done through Field Action Research. The proposed mixed
methods will give new values to design, in virtue of its innovation and its response
to social context. Ultimately, through design, people will share knowledge
production activities that emancipate and empower everyone (Fig. 13) [11].

We realized that Taki community (sustainable) sensory garden is still inundated
with shortcomings and far from being neither perfect nor comprehensive especially
as a sustainable design intervention which goals are to promote awareness, induce
creativity and push empowerment to happen within the community. However,
initial steps must be taken and we believe it is worth to pursue, because we believe
that investing on earth and in the future generation is worth the life itself.

New Value of Design

Pre-Lim Field Design Innovation Design Design based on its

Research 2| Prototyping Effects Evaluation Innavation (QUAN

[Participatory QUAN p i QUAN p e a results) and its Social

Activity) - qual Context (qual

before T > .

intervention 1\ resu.:ts:.dkn‘e_wled;e

] i ; . reduction —

Field Action Research (FAR) Field Action Research e
Emancipating and
1 & 2 [participatory Activity}- qual (FAR) 3 (Participatory Activity)- = R
Social Context during intervention qual after intervention mpowering

Fig. 13 Proposed mixed methods for architectural or design research Source Katoppo and
Sudradjat 2014 translation based on Creswell and Clark 2007: 68-Fig. 4.2b
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Empowerment for Chhattisgarh Craft
Clusters

Parth Shukla and Satyaki Roy

Abstract Chhattisgarh, a state which has almost 41 % of its land area under forest
cover is one of the major contributors to the handicrafts sectors inhibiting art forms
like Dhokra, Terracotta, Bamboo work, Wrought iron etc. The main contributors to
these crafts sectors in the state are the tribes residing at remote locations in the state.
There are many families or groups who have been practicing these art forms for
generations, are now drifting to other means to earn their livelihood. A report from
UN says that the no of artisans working in India has been reduced by 30 % in past
3 decades. Therefore in our work we try to address the issues pertaining to the state
of the crafts and understand what technological interventions could be brought in,
to make the crafts self-sustainable. In this paper we try to bring to forefront of our
attention that the traditions of the handmade crafts have to be empowered for its
sustainability and improvement of living conditions of the artisans.

Keywords Handicraft - Artisans - Dhokra - Wrought Iron - Terracotta - Current
state - Dependency - Ignorance

1 Introduction

Craft is traditionally associated with creation of artefacts as a source of experience
and emotion. Crafts are bound to be sensibilities of material and material under-
standing, making and haptic perception. Crafts have helped to shape our country
and history. To lose them would be losing a part of our culture that can never be
replaced. We should be conscious of the interlocking nature of the world that we
live in and must realize that the species are dis-appearing, that environments are
getting damaged. Now we should also realize the value of our own human cultural
heritage. Crafts is like a golden thread that links our past, present to future and this a
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timely reminder that the diversity and individuality of craft mirrors the qualities of
the people themselves. Crafts plays an important role in educating people about the
environment and local countryside, widening the learning perception of the world/
environment around them and grounding them well with it.

Handicrafts are a major stakeholder of home accessory market which includes
handcrafted, semi-handcrafted and machined goods. It is the 2nd largest employer
in rural sector after Agriculture. In most of the occasions the artisans or the
craftsmen are unaware of the changes in the market due to rapid modernization, also
the behavior of the consumers have become unpredictable now. With globalization
penetrating to every corner of the society there is a need to realize the value of
crafts, before it’s too late and there wouldn’t be anything left but legacy of our
cultural heritage.

1.1 Literature Review

Jatin Bhatt in Philosophy and Practice of Crafts and Design says that handcrafted
products form an important part of creative cultural industries, they also have the
space to counter the techno-aesthetic dominance, for crafts independently present,
to the patron of sustainable practice, a connect and concern with material and
environment [1].

Dak has listed out reasons for failure of village crafts such as poor designs, low
quality materials, and inefficient market approaches; consequently these approaches
are then exploited by machine made urban craft units, who apparently lockout
village crafts from global markets [2].

Chamikutty [3] comments that, today the sector carries the stigma of inferiority
and backwardness and is viewed as just the items of ‘decorative, peripheral and
elitist’.

Ms. Divecha explains that to realize the full potential of the crafts sector, the
gaps, overlaps and challenges in the value chain must be overcome to create an
ecosystem that enables crafts to thrive. She identifies that philanthropy has a “key
role to play in supporting the creation of such an ecosystem” [4].

2 Objective

(1) To understand the state of the craft in Chhattisgarh
(i) To understand the components of the value chain
(iii) Sustainability for the craft
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3 Research Methodology

This research paper is based on exploratory or qualitative design research. The qual-
itative method was selected because of the lack of previous research on craft clusters of
Chhattisgarh. In this research the author has tried to understand the real world situation
asithappened naturally withoutinfluencing the environment or the subject of his study.
The author also conducted several interviews and recorded the data based on his
observations. People/artisans were interviewed on the basis of their craft practice.

The Dhokra art in Chhattisgarh has been practiced for over 300 years now. The
major employment for this sector comes from tribes. They usually rely on their
surroundings for raw materials and are rooted to the environment. The typical
process of Dhokra involves following five steps (i) making the model out of clay to
the near actual size of the artefact, (ii) a very thin layer of fine clay, (iii) actual
design for the artefact by wax, (iv) layer of very fine clay, (v) another layer of clay
mixed with fodder and hay. The artisans doesn’t have access to modern facilities
like fine sand or clay, binding materials or high efficiency furnaces. They tend to
use whatever they can find nearby them like for making the casting surface smooth
they used the fine clay which is found near the river banks or water bodies. For
binding material they use a mixture of clay, hay and fodder. This mixture helps clay
retain its shape when it is being baked in the furnace for melting out the wax. The
Bell metal casting is also known as Lost Wax casting process, as the wax is melted
out to create a cavity where the metal can be poured into take the desired form,
hence the name Lost wax casting process.

The actual designs which are made in the artefacts are made from wax, this wax
is actually a mixture of wax (by-product of honey) + camphor + tar in the quantities
50:25:25. The camphor and tar are added to give the wax strength and retaining
shape at the same time to melt out when heat is applied. The wax is beaded in the
form of threads of different sizes, fine tools are used to create the shape out of the
layer of wax. Like the wax which they make by themselves, they melt the metal
using open hearth furnace which requires large amount of wood as fuel and take
time to complete the melting of metal as a large part of the heat is lost during the
process. They melt 20-25 kg of metal at the same time as it uses time and energy
both. The molds of the artefacts have been prepared prior to melting the metal, at a
time 8-10 artefacts are created depending upon the size of the design. Once the
metal has been poured in, it takes a day or two to solidify completely and to cool
down, once its cooled down the outer covering of clay is been hammered softly to
break apart, revealing the artefact.

The artefact is then required to undergo brazing and polishing to make the finish
better and removal of excess material.

The Wrought Iron craft or Lohkala doesn’t have so many process but its more
labor intensive. In Lohkala, the metal sheet is being hammered constantly to match
the design and the dimensions also constantly heating it in between so that the
machinability is maintained. Once the desired shape has been achieved the intricate
designs were made by a fine chisel.
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In the Terracotta craft the main ingredient or the essential component is the clay, so
the quality of the product depends greatly on how the quality of clay is and how much
impurities has been filtered out. The artisans of Kumharpara follows the traditional
process of making the artefacts i.e. the hollow part of the products are spun on the
wheels to create the desired geometry and rest of the fine intricacies are done totally by
hands. So the skill of the artisans also plays a major role in the consistency of the
product. Once the product is made it’s baked for certain period of time to give it
strength. The artisan working in this cluster were mostly ladies and have been
involved in this profession since their childhood, but not all of their next generation
adopted the same profession, some of them moved to other professions as well.

The artisans of Kondagaon belt in CG always try to associate the artefacts that
they produce to their mythological events or their god/goddess. A close interview
revealed what are their thought process behind creation of the artefacts the way they
are. Their major quantity of goods are sold in the National Craft fairs that they attend
and other methods of selling goods include selling in the local market, giving it to
traders and also the emporium which is opened by the govt. to promote the sale of the
craft. The terracotta artisans in order to attract more consumers have started making a
specialized wall tiles. These tiles are made up of mixture of clay and other binding
agents. The typical value chain which has been observed in all of the artisans of
Kondagaon belt is fairly long when it comes to reaching the end consumer. They
give their finished products to the middlemen which in-turn deliver their products to
the traders in markets of different cities, then it reaches the end consumers. There are
SHG’s and NGO in the belt but they are also not able to reach the outer market so
easily, they issue they face is related to packaging, transporting etc.

The author also visited the Bolpur belt of West Bengal which is famous for
different art forms existing there. Bolpur inhibits art forms like Dhokra (Dariapur),
Shola pith (Surul), Terracotta (illambajar) for a comparative study of the craft
practices and patterns of the artisans.

The artisans of Bolpur enjoys good connectivity from the major markets of WB,
making them little bit aware of the needs of the market as there is huge inflow of
tourists in Bolpur due to presence of Shantiniketan. For Shola Pith artisans the raw
material required (i.e. Indian cork, glue etc.) is easily available and the quality of the
materials is fairly constant. They use indigenous tools as it suits them well to work
with tools that they’ve made according to their specific requirement. The literacy
level of artisans are higher when compared to the artisans of CG. There is a cluster
which comprises of only women who work for Dhokra art form. To sustain their
livelihood they visit nearby market, weekly markets and also source it through local
stores and emporiums themselves. The artisans of Dariapur who are famous for
their intricate designs and very light weight castings, are now loosing on their skills
i.e. no of artisans working for this craft (Dhokra) are decreasing now, many of their
family members are turning towards different professions.
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4 Result

The current state of the artisans and the value chain are the two major focus areas
where the author has stressed during the research. The following are the key
findings of the research:

(i) The literacy is very low

(i) Quality of artefacts produced varies with time and location
(iii)) Avg. income distribution for per Rs. 100 paid by consumer is (Fig. 1)
(iv) Percentage of artisans drifting away from their professions (Fig. 2)
(v) Percentage source of income for artisans (Fig. 3)
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5 Discussion

Since raw materials are the essential components required for the process of making
a product are taken or procured locally, the quality of goods produced depends upon
the quality of materials and subject to their availability. Same item or goods when
produced in different regions separately varies greatly in terms of craftsmanship,
material quality and fineness. When compared to the Dhokra items of both the place
the quality of work in Bolpur is better than that of CG, because the artisans of Bolpur
have access to modern tools etc. unavailability of modern tools leads to higher
production time. The low literacy rate among the artisans hampers their growth in
big way. Since, a very long channel exist which has to traversed by the product to
finally reach the consumer market, only a fraction of the actual selling price of the
product reaches the artisans, a major share is been taken by the middleman and the
traders or entrepreneurs. The craftsman who are versed with technology are using it
as a medium to diversify their business and make more money. Since their children
see them earning meagre amount to sustain the livelihood of the family, they are
turning to different fields of profession in search of work and money, hence drifting
away from the cultural heritage of workmanship. The issue at hand is not to increase
the productivity of the artisans (although that is also needed), but the focus is how to
make them aware of the markets and changing needs of the consumers. If their
production rate increases, they would have too much products to stock and very less
market to consume them. For ex-if the artisans continue to build the artefacts as they
were till now, there is very less possibility that the same would be widely accepted
by the people, reason being their main stakeholders are the middleclass people who
don’t have the luxury of having very open or big spaces in their home now a days.
The size of the homes are getting smaller and smaller, if an artefact would be able to
serve more than just one purpose then logically it would make more sense in buying
that, rather than just consuming space.

The other thing which has a very big potential in this sector is its merger with the
e-commerce industry. If we could propagate the work of artisans by means of the e-
commerce players of the industry, we would be giving them a big boost in terms of
market exposure. The Indian e-commerce industry is one of the fastest growing
sectors in the world. The early we tap into it the better would be long time results.
Some of the people in the higher ranks within the govt. supported the thought of the
merger. This is where the designers have a big potential to contribute to sustain-
ability of the craft.

For artisans of CG the National Craft Exhibition remains the main source of
income for them. They usually attend 3—4 exhibitions in a year and try to build the
contact there so that they can get orders from different places.

Because of the close vicinity of major markets in Bolpur, the shola pith and
Dhokra are more organized. Also the Artisans of Bolpur have higher literacy levels
so they are aware of the trends and role of middleman is reduced thereby maxi-
mizing their profit share in the final cost of the products.
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6 Conclusion

Since there has been a steep decline in the number of artisans in India due to lack of
earning, which suggests that the market for the crafts needs to be expanded and the
consumers and the artisans needed to be brought closer by minimizing the role of
middleman. If middleman’s share of the product pricing directly goes to the arti-
sans, there would be a big leap in terms of monetary gain that they’d experience.
The more ambitious option which could be taken would be to educate the artisans to
such a level that they become conversant with the current needs and trends of the
society and change their designs accordingly so as to give the user options to buy
from, hence ending the saturation which is prominent as of now.

References

1. Bhatt, J.: Philosophy and practice of crafts and design. In: Seminar Magzine. http://www.india-
seminar.com/2007/570/570_jatin_bhatt.html (2007)

2. Dak, T.M.: Rural Industrialisation: Challenges and Responses, pp. 23-24. North Book, Delhi
(1989)

3. Chamikutty, P.: Problems facing the Indian artifacts sector. http://social.yourstory.com/2013/
06/crafting-a-livelihood-a-snapshot-of-the-indian-artifacts-sector-2/

4. Shivakumar, G.: To the aid of crafts. http://www.thehindu.com/features/friday-review/art/to-
the-aid-of-crafts/article5003961 .ece


http://www.india-seminar.com/2007/570/570_jatin_bhatt.html
http://www.india-seminar.com/2007/570/570_jatin_bhatt.html
http://social.yourstory.com/2013/06/crafting-a-livelihood-a-snapshot-of-the-indian-artifacts-sector-2/
http://social.yourstory.com/2013/06/crafting-a-livelihood-a-snapshot-of-the-indian-artifacts-sector-2/
http://www.thehindu.com/features/friday-review/art/to-the-aid-of-crafts/article5003961.ece
http://www.thehindu.com/features/friday-review/art/to-the-aid-of-crafts/article5003961.ece

Sustainable Supply Chain in Product
Development

Srinivas Kota and Kirthi Bandi

Abstract There exists an urgency for organizations all over the world to consider
sustainable supply chain strategy in product development. Every firm needs to
provide a safe working environment and reduce its ecological footprint as well as
ensure returns to its investors. This calls for cross-functional integration, better
decision making and performance improvement. Every stakeholder in the supply
chain is responsible to ensure its’ sustainability. Several incentives can be found in
adopting a sustainable supply chain management strategy. Sustainable supply chain
management pushes the system towards forethought, exploration and data analysis
in business so as to measure up to the expectation of customers and flourish in the
long run. The focus of this study has been on why a company requires sustainable
supply chain management and how it would benefit by implementing a sustainable
supply chain management strategy. The core aspect was to analyze the advantages
of sustainability in a supply chain and how everybody would be motivated to work
towards it. Main outcome from the research is that stakeholders in different domains
are more or less similar but the challenges and motivations of stakeholders are
different in different domains. It is required to consider the domain specific char-
acteristics for inclusion of sustainable supply chain in product development. A
conceptual strategy is proposed to include sustainable supply chain in product
development.

Keywords Supply chain - Stakeholders - Product development - Sustainability

1 Introduction

A supply chain is a sequenced network of resources and activities that support the
production or distribution of a good or service. It is characterized by different stages
and is essentially directional. The vital activities of a supply chain are manufacturing,
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demand forecasting, purchasing, customer relationship management and logistics.
Supply chains may be interlinked between companies too. A supply chain accounts
for more than 50 percent of the total expenses for manufacturing companies. Supply
chains have become complex and insubstantial due to globalization. A sustainable
supply chain is no longer a viable option but an indispensable necessity for the
success of an organization [1].

Supply Chain Management (SCM) is the co-ordination of business functions
within an organization and with its partners in order to provide goods and services
in order to fulfill customer demand responsively, efficiently and sustainably. It
encompasses three major aspects, namely, Strategy, Planning and Operations.
Strategy signifies building a supply chain for the good or service to be provided.
Planning involves leveraging the supply chain to aid medium term goals. Opera-
tions are surveillance and assistance to the supply chain plan. There exists an
urgency for organizations all over the world to implement a sustainable supply
chain strategy. Every firm needs to provide a safe working environment and reduce
its ecological footprint as well as ensure return to its investors [2].

The focus of Supply Chain Management has been a blend of market respon-
siveness and cost strategy in line with the firm’s competitive plan. The rising trend
is to include sustainability viewpoints in SCM. Sustainability means to keep the
process alive and going. Analysis of a supply chain model is required to review our
decisions on sustainability. This involves expounding the problem, stating
assumptions, collecting data, building the structure and obtaining results. Metrics
and logic play an important role in measurement. A considerable amount of
imposition is necessary to implement Sustainable Supply Chain Management
(SSCM). This could be done through voluntary participation of the company,
internal incentives or validation by extraneous agents [3].

A supply chain expects a blend of enthusiasm and commitment from all the links
of the chain, that is, the stakeholders. The key to a successfully run a supply chain is
to maximize the positive inputs of the each participant and reduce potential inimical
impact [4]. The first step in stakeholder management is to identify the stakeholders
and the influence they exert on the supply chain. Work effectiveness, trust-building
and loyalty could be developed by motivating the stakeholders.

Consolidation of the existing work to define sustainable supply chain is being
carried out. The stakeholders responsible are identified throughout the supply chain
across different domains. Each stakeholder has certain unique traits and interests
and the ones which are relevant to sustainability were found. For example, a
supplier has to be responsible for information flow downwards as he is at the
starting point whereas distributors count on mutual trust and commitment for
information exchange. Encouraging as well as discouraging factors were distin-
guished to aid motivators and reduce barriers. The idea is to develop a strategy to
analyze the advantages of sustainability in a supply chain and support each
stakeholder to maximize the advantages.
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2 Objectives and Methodology
2.1 Objective

e To understand the importance of sustainable supply chain management
e To obtain a comprehensive view of the incentives of all the stakeholders in a
supply chain

2.2 Methodology

The study of Sustainable Supply Chain Management (SSCM) necessitates knowl-
edge of the purpose. The objectives are fulfilled by the following methodology.

Literature review on need for sustainable supply chain management
Study of SSCM and its forms in different domains

Study on impetus of participants in the supply chain

Analysis of benefits of stakeholders in adopting a SSCM strategy

An assessment of the research conducted till date about the need of SSCM has
been summarized in Sect. 3. The requirements of a supply chain vary according to
the industry. The intricacy of the chain will change with the size of the business and
the quantity of goods manufactured. A review of the scenario in some major
domains has been given in Sect. 4 and Sect. 5. A detailed analysis of the motivating
factors of the stakeholders has been elaborated in Sect. 6. Major challenges for
sustainable supply chain in different domains is discussed in Sect. 7. Suggestions
for following up a sustainable supply chain strategy have been proposed in Sect. 8.

3 Need for Sustainable Supply Chain Management

Supply chains should be consciously managed. Sustainable practices in supply
chain management provide the ability for businesses to make better decisions to
reduce costs, improve productivity, support growth and take effective long term
decisions.

Supply chains incur expenses to transfer information, produce goods, store them,
transport them and pay for services. The total cost of the supply chain tends to
increase due to inflating capital costs and freight charges especially in global
businesses. However, planning saves time, money and energy. In case of interna-
tionally spread supply chains, every stakeholder performs a wide range of functions
such as order fulfillment, international procurement, acquisition of information
technology, manufacturing, faster and reliable delivery of products and customer
service. Supply Chain Management involves extensive research and data analysis to
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perform all the activities efficiently. Secondly, the whole supply network could
improve its ability to meet expectations of users in terms of quality and supply
chain practices.

Sustainable supply chain management deals with the dialogue companies create
with suppliers in order to prevent violations of fundamental human rights and
international environmental standards. The three basic dimensions to incorporate
sustainability in the supply chain are society, environment and economy [5]. The
fluctuation in the world economy, increasing levels of carbon footprint and unfair
employee policies call for remodelling the existing supply chains all over the world.

Most companies recognize that compliance with emissions reporting require-
ments is only one aspect of more responsible environmental and social steward-
ship. Organizations are now working collaboratively across the supply chain so as
to cut costs, manage risks better, generate new sources of revenue and boost their
brand value.

4 Supply Chain in Different Domains

A thorough literature review of different case studies in various domains has been
conducted and the salient points have been summarized in this section. The various
domains are fast moving consumer goods, aerospace, information technology,
pharmaceutical, automobile and small & medium enterprises (SMEs).

Fast moving consumer goods companies like Unilever targets growth in
emerging markets and emerging movement of highly conscious consumers to
achieve sustainability in its supply chain. Owing to its vast product range, this
domain needs to have a clear idea of its’ supply chain, and key elements in the
supply chain have to be identified. This domain focuses on cost of the product,
sustainable return on investments, consumers’ willingness to pay and product
differentiation to figure out areas for implanting sustainability [6].

In Aerospace domain companies like Boeing, lean supply chain management is
the core policy. It focuses on process improvements to reduce the cost and lead
time. Higher responsibility is transferred to the suppliers as the manufacturers
concentrate on efficient design and assembly technologies. There is a trend of
dependency on third party organizations for maintenance activities due to high
expectations in the logistics part of the supply chain [7].

Information Technology projects have always given importance to the tech-
nology adopted at every point of the supply chain. The role of stakeholders has
been undermined. Besides the strategic factor and engineering ergonomics factor,
the effective involvement of stakeholders can aid in improving the supply chain. A
complete remodelling is suggested for efficiency.

Pharmaceutical domain has key stakeholders as manufacturers, wholesale
distributors, pharmacies and pharmacy benefit managers with pharmaceutical
manufacturers being the most influential of the lot [8]. The pricing of the drug is
highly scrutinized and holds the interest of every stakeholder.
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Automobile domain gives emphasis on supply chain management and considers
managing cost and efficiency as pivotal points. Owing to the wide spread in the
location of customers, it relies on an established distribution network. Lead time is
very little as the competition is very high and need most production processes as
assembly line based. Third party logistics is the preferred option of most companies
[9]. Currently, the industry is focusing on sustainable supply chains due to pollution
and global warming.

In Small and Medium enterprises, the focus is to co-ordinate together to achieve
their targets and at the same time retain their identity. Collaboration is necessary
due to the numerous stakeholders in the supply chain [10].

5 Stakeholders with Respect to Different Domains

Derik H.T. Walker defines stakeholders in the article, Stakeholders and the Supply
Chain in the book [11] as ‘Individuals or groups who have an interest in some
aspect of rights or ownership in the project, and can contribute to, or be impacted by
either the work or the outcomes of the project’. A comprehensive but not exhaustive
list of the important stakeholders in each of the above discussed domains is given
below:

Fast Moving Consumer Goods

Manufacturers
Distributors
o Consumers

Aerospace

Suppliers
Manufacturers
Maintenance operators
Distribution network
Customers

IT Sector

Shareholder
Staff
Government
Competitor
User

Pharmaceutical Industry

Manufacturers
Distributors
Pharmacies
Consumers
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Automobile

Vendors

Assembly operators or manufacturers

Logistic providers

Distribution network (Depots, Forwarding Agents, Dealers, Sub-dealers)
Customers

Small and Medium Enterprises
e Co-ordination amongst all groups

From the above list we can see that there are different names given for similar
stakeholders but suppliers, manufacturers and distributors and consumers were
present in all domains with emphasis on a particular or a group of stakeholders in
different domains. The influencing stakeholder in each domain is given in bold.

6 Motivation of Key Stakeholders

As aforementioned, the stakeholders characteristics and interests have been
explained below:

6.1 Suppliers

A supplier in a supply chain is an enterprise that contributes goods and services to
the next link in the chain which could be a company or a group of individuals. A
supplier, also known as a vendor, provides the inventory or raw material to a
manufacturer.

6.1.1 Characteristics

e A vendor needs to meet the minimum requirements of customers. An efficient
supplier would make sure that the material is available in surplus.

e A vendor should be flexible enough to accommodate the needs of a customer. A
responsive supply strategy would ensure the sustenance of the vendor.

e A supply chain starts with the vendor in most cases. As a forerunner in the
chain, the supplier needs to be responsible to corroborate information flow down
the supply chain. Communication amongst stakeholders is a crucial factor in
supply chain management.

e A supplier should strive to be innovative. The market connects with a creative
supplier to increase the sale of goods.
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6.1.2 Motivating Factors

Diversified Customer Base [12]—A high level of competition amongst manu-
facturers will push vendors towards responsible sourcing. More number of
buyers would mean higher profits.

Concentrated Supplier Base—If suppliers are shared by manufacturers, they
would be compelled to provide the goods on time periodically. A diffuse supply
base will induce callousness in the vendor.

Inflexible Supply Chain—The supply chain structure has a significant impact on
the suppliers to source efficiently. A manufacturer willing to allow for shortage
of material supply would be a deterrent to effective sustainable SCM.
Manufacturer’s role—The manufacturer being the next link in the supply chain
can aid by proper payment of bills, providing certain contract security, issuing
public statements of recognition through business practices like supplier eval-
uation and supplier performance management.

6.2 Manufacturers and Distributors

A manufacturer is an entity that produces goods through a process involving raw
materials, components or assemblies. A distributor is an intermediary who makes
the product available for use by a consumer. Manufacturers and Distributors, being
the middle men in the supply chain work together to meet consumer needs.

6.2.1 Characteristics

Manufacturers and distributors give high priority to the requirements of a user.
Regular checks on product quality, agile response to demand and accelerated
innovation are some of their strategies.

They work on expanding into popular markets and new domains. A good
reputation is necessary for their prosperity.

These stakeholders control sourcing and procurement costs. They cut down
expenditure and aim at minimizing risks.

6.2.2 Motivating Factors

Cost Savings and Efficiency Optimization- Lower costs of components and
complete utilization of resources is a motivator to stakeholders. Manufacturers
are extremely conscious about incurring costs.

Sustainable Supply Chain Integration—Strategy formulation should involve
information sharing across the supply chain. Lack of knowledge on sustainability
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and understanding of best practices mislead stakeholders. A holistic approach in
planning is beneficial.

e Effective Marketing—The focus of distributors is to sell their goods success-
fully. They choose suppliers willing to help them to become renowned.
Suppliers who educate the distributors regarding the product and keep them
informed about industry trends are in a position to encourage them.

e Mutual trust and commitment—Business relations between stakeholders will
continue on based on performance measures, however, certain amount of reli-
ance is required from both sides.

6.3 Consumers

A consumer, generally the last link in the supply chain, obtains goods or services
for direct use or ownership. He pays to consume the goods produced. He is the
motivating factor for most other links of the supply chain.

6.3.1 Characteristics

e Low prices—The monetary value of a commodity is extremely important to the
user. He expects to get the best deals from the lowest prices.

e Proper working standards—Consumers hope that their products were manu-
factured in a healthy and positive environment. They assume minimum working
conditions to be available at the product workplace.

e Access to product information—Users demand to be informed about the product
quality and potency to protect themselves from unfair trade practices.

e Extreme purchasing behavior—A consumer would go to any extent to satisfy
his requirements. He might not be ready to spend 5 % more on a normal
commodity but may be willing to spend 20 % more on a luxury commodity to
please himself.

6.3.2 Motivating Factors

e FEthical factor—A product made by workers who have been provided with the
basic amenities would be preferred by a consumer over a product made by
exploitation of labour. For instance, nobody would like to buy crackers made by
child workers during the festival season.

e Advertisement—Marketing by distributors influence the purchasing behavior of
users. An appealing advertisement can make a lot of difference to the prefer-
ences of a consumer.
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Feedback—Consumers expect responsiveness from the higher end of the supply
chain. Manufacturers sensitive to the suggestions and complaints of a consumer
will do well in their business.

Safety—Consumers are concerned about the safety and security that a product
has to offer. Most people would prefer healthier food given a choice.
Environmental impact—The present day consumer is interested to buy an
environmentally friendly product as he understands the importance of protecting
his surroundings.

7 Challenges in SSCM

Domain specific problems of the chosen sectors have been enumerated:

Consumer goods industry

— FMCG inventory with the company is more than the required level [14]
— Improper handling of different varieties of goods
— Poor performance of distributors and logistic providers

Aviation industry

— Timely delivery of the plane parts by the suppliers is not efficiently
coordinated

— Maintenance of the airplanes is a huge challenge in this monopolistic
industry

IT industry

— Unrealistic assumptions about technology solutions
— Information flow across the supply chain is not regulated

Pharmaceutical industry

— Regulatory framework established by the government is not favourable
— Adulteration and counterfeiting of products by anti-social elements
— Outdated manufacturing sites

Automobile industry

— Too long material lead times leading to obsolescence [15]
— Lack of sustainability in terms of capacity and liquidity

Small and medium scale enterprises (SMEs)

— Short product lifecycle is a deterrent to opportune working of the supply
chain [13]
— Lack of understanding of full capabilities of suppliers and service partners
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8 Adopting a Sustainable Supply Chain Management
Strategy

A highly effective supply chain operation focuses on sustainability issues in trade
and marketing. An organization needs to connect its competitive strategy with its’
supply chain strategy using sustainability.

The factors affecting an organization’s supply chain are demand, supply and the
societal conditions. A Sustainable Supply Chain Strategy (SSCS) should be
unambiguous to augment learning within the corporation. Supply chain managers
should be able to influence the employees to work in this direction. Increase in
research and development will help the company to identify and evaluate the shift
in policies in the future. It is also important to gauge the economic angle of an
operation. The challenge in adopting a SSCS is to establish pragmatic targets
balancing social, economic and environmental ideas and the company’s mission.

The following approach is proposed to achieve a sustainable supply chain:

e Assess the existing SC—The existing supply chain of the company has to be
evaluated so as to understand prospective intra and inter organizational goal
variances. The current practices, resources and capacity need to be judged.

e Assess the business environment—Special importance has to be given to the
input resources, namely, fuel, energy, shareholders and stakeholders.

e Measure the effect of the supply chain on environment, economy and society.

¢ Redesign or modify the supply chain strategy incorporating the changes
required for sustainability—A collaborative approach should be adopted

Fig. 1 Approach to achieve Assess the existing Assess the business
sustainable supply chain supply chain environment

T~ —

Identify the factors relevant to
supply chain of the business
environment

—

Identify the factors Identify the factors Identify the factors
influencing environment influencing economy influencing society

| | |

Estimate the effect of Estimate the effect of Estimate the effect
the factors on the factors on of the factors on
environment economy society

S

Redesign or modify the existing
supply chain strategy incorporating
sustainability initiatives

|

Implement and Evaluate
the new sustainable supply
chain strategy
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while remodelling. A shift to aggressive strategies will ensure long term
benefits.

e Implement and Evaluate—Use of a sustainable supply chain measure to assess
the productivity, development of technology, infrastructure and energy resour-
ces along the supply chain. Figure 1 shows the approach in detail.

9 Conclusion

This paper has sought to establish the exigency for organizations to adopt a sus-
tainable supply chain strategy. The factors which encourage important stakeholders
to participate in such a scheme have been enlisted. Complex patterns of customer
demand and global competition make commodity prices unpredictable. Companies
incur a lot of expenditure on logistics and transportation. Consumer expectations
about product quality are also high as they have up to date information. Higher level
issues such as downturns in the global economy, shortage of critical resources,
political instability, regulatory requirements and natural disasters are major setbacks
to the supply chain. Cost pressure, increasing volatility of customer and environ-
mental concerns are only few of the challenges. Further scope of research would
include examining the roadblocks of the stakeholders in carrying out their functions
and providing solutions to domain specific problems.
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Use of MFF and Concurrent
Engineering to Develop a Sustainable
Product—Radical Redesign

of Flushing System

Nikola Vukaginovié, Ziga Zadnik and JoZe Duhovnik

Abstract The paper shows the approach to radical product redesign of sanitary
flushing equipment which is conservative market niche product. The approach
demonstrates use of the Matrix of Functions and Functionalities (MFF) and
elements of concurrent engineering to achieve a significant reduction of necessary
resources during whole product’s lifecycle: production, use as well as its disposal.
This approach led to a considerable reduction of number of different parts and
materials, as well as total number of parts and overall mass of the product. The
result was a product proposal, which fulfills the same functional requirements as
exiting products using different principal solutions. This change of exploited
working principles opened new possibilities for a significant reduction of necessary
amount of flushing water, thanks to the energy stored in the new flushing device.
The proposed solution was experimentally confirmed also with working prototype.

Keywords Concurrent engineering - MFF matrix - Radical innovation
Sustainability - Design for manufacturing - Design for assembly

1 Introduction

1.1 The Project

In 2011 we were approached by an international company that produces sanitary
equipment including traditional market segment of toilet flushing systems and
devices. Due to the market demand, which calls for compatibility of different toilet
elements across different models and even manufacturers, this market segment is
strongly regulated and directed by different international and national standards
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(e.g. EN 14055:2006 or EN 997:2004). However, the company recognized that it is
difficult to remain competitive in global environment in such conservative market
niche without having constantly innovative product portfolio. Due to our common
successfully finished projects in the past, they came to us expressing a wish for
development of a new approach which would solve open problems concerning their
existing toilet flushing systems. Water consumption, flushing effectiveness and
noise are just major of them. Since the company gave us only few basic limitations
and demands regarding the product (e.g. necessary compatibility of the new system
with existing infrastructure in majority of building in the region), we were able to
draft the new product development process from the very beginning, opening the
opportunity to radically reconsider traditional toilet flushing principles. However,
the development time from the agreement to the prototype which would demon-
strate working principles was quite short, limited to 6 months.

For that reason we decided to arrange product development phases in a way to
implement elements of concurrent engineering, especially for developing, designing
and detailing different components of the concept. This approach resulted in
reduction of different components of the concept and in expanded product portfolio
with different valve variants which could be used for various other purposes as well.

This project was also good opportunity to test newly developed method for a
systematic and computer aided development of design concepts called Matrix of
Functions and Functionalities. The MFF method was developed to solve problems
of managing large number of concept solutions emerging from traditional mor-
phological matrices [1] based on a mathematical model and predetermined condi-
tions instead of relying only on the designer’s intuition as in traditional methods.

Our hypothesis claims that the MFF method can be useful during the develop-
ment process of radical design or radical redesign of products. The second
hypothesis claims that it is crucial to identify and modify the main functions of the
system in order to achieve radical (re)design of a system or a product.

2 Method

2.1 Concurrent Engineering Product Development

The basic premise for concurrent engineering (CE) revolves around two ideas. The
first is the idea that all the elements of a product’s preliminary design, from function
to functional requirements, should be taken into careful consideration and, based on
the parallelization of tasks, be carefully managed [2] The second idea is that the
subsequent design activities should all be occurring at the same time, or concur-
rently. The overall goal is that the concurrent nature of these processes significantly
increases the productivity and the product quality due to established two-way
communication among concurrent activities [2-4] (Fig. 1).
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Fig. 1 Concurrent product-development stages during time [5]

Research and development activities within the product-development process
have their own characteristic and distinctive features, dominated by unpredict-
ability, creativity, mentality, and abstraction [3]. As a result of these features it is
difficult to thoroughly describe, develop, and implement the design process,
especially in the initial phases of application development [6]. In order to reduce the
time and costs involved in solving, arranging, and improving the functional
requirements, there is an increasing demand for new methods that would enable the
concurrent and parallel solving of objectives [7].

2.2 Matrix of Functions and Functionalities

The basic morphological matrix [1] represents the basis for the development of the
MFF model. With a small number of rows and columns, the morphological matrix
can yield a large number of solutions, which often makes them poor and unsuitable.

For this reason, the MFF is based on the interaction between the functional
requirement and the functionality, and is developed according to specific criteria,
while we are striving for a solution that would be, in relation to the morphological
matrix, built and determined on the basis of a mathematical model and predeter-
mined conditions, and therefore, not only on the designer’s intuition.

The MFF is a method that is a tabular representation of the bindings/links
between the functional requirements and functionalities (Fig. 2) [8, 9]. It can be
devised if the key elements are known, such as the initial functional requirements
and functionalities. The functional requirements are derived from the market
requirements and represent the most important attributes of the requested system,
that is, functions, while the functionalities are represented by technical systems [10]
or shape models which either in part or as a whole fulfill the required functions.

The functional requirements: The functional requirements or the desired market
requirements (Fig. 2) represent the first possible information and abstract desires
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Fig. 2 Mathematical MFF model

about a future product (e.g. the intake of air and the ease of suctioning). Functional
requirements are similar to functions, except that they do not have known solution
in the form of functionality; therefore, they represent only abstractions and desires.
They can be derived from various sources, using various methods, e.g. QFD [11,
12]. The benefit of applying QFD into this process is the possibility to get well
structured and weighted functional requirements, however, we should be careful not
to prejudice some of the functionalities/solutions used in the QFD to early.

The functionalities: Functionalities are presented as possible realizations or
technical systems. Each functionality is an individual unity, outwardly represented
by a main title (e.g. Blower or Wire) while inwardly it contains precisely defined
functions with the corresponding parameters. As such, the described functionalities
represent a source of information for finding answers to functional requirements
[13-15]. Functionalities could be found either intuitive, based on designers expe-
rience and knowledge, or systematically, based on knowledge databases, catalogues
or using methods for searching and generating principal technical solutions, e.g.
TRIZ [16, 17].

2.3 Implementation

In the initial step we had to analyze existing solutions and standards of concealed
flushing units. We identified their main and supportive functions and functional-
ities. This analysis revealed the main functional requirement (level 1) to be flushing
effect that is the function of two variables: water quantity and water energy:
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FR; = f(Vﬂ, Eﬂ) (1)

The other functions (deriving from functional requirements) were identified as
supportive functions (level 2 and higher) that are necessary to establish the working
flushing system. They could be optimized and rearranged, but would provide only
minor advantage over the original concept.

This deductively leads to the need for the radical redesign, which can be obtained
only by significant modification on the level of the main functions. From Eq. (1) it is
easy to identify the idea, that reduction of water usage needs to be compensated by
increasing the other component, which is the energy stored in the water.

The further research focused on finding potential sources to increase the water
energy. In the past the increase of water potential energy was mostly used for these
purposes, i.e. putting the reservoir on a higher level above the toilet bowl. However,
we identified another energy source, which is mostly neglected in standard flushing
units; this energy source is the pressure within the water pipeline system. This huge
amount of energy is being annihilated every moment when water is being spilled
from the pipeline system into the atmospheric water container. Further research
showed, that standardized pipeline pressure in Central Europe is between 4 and 10
bars. Therefore we decided to design a system that would work on 4 bars of
pressure to fit with most of the pipelines.

The further step was the rearrangement and reduction of supportive functions
before designing a working prototype. We identified three functional requirements
that need to be fulfilled in order to satisfy the main functional requirement of the
system: pressurized water container, filling unit and water release unit. Filling unit
consists of several (level 3) functional requirements: pressure reduction to 4 bars,
back-flow preventing, automatic opening and closing. We also identified (level 3)
functional requirements for water release unit: 2-mode working (small flush—big
flush); automatic closing after the flushing action, which can be associated to the
pressure drop in the container; easy electronic or manual activation.

Since we had to develop both valve units anew, the research focused on similar-
ities between both units trying to develop as many common parts as possible. This led
us to use concurrent engineering methods, to drag parallel development of both units,
sharing knowledge, research results and ideas during the development process of both
units. Although the functions of two units had nothing in common, we managed to
develop the concepts, which have two of their largest components in common.

3 Results

According to the before described procedure we attempted to develop a substitute
design of a flushing unit which could be mounted in place of existing concealed
flushing units models using standard company’s manual activation panels while
only minor mounting modifications would be necessary. The result of the final
concept is depicted on Fig. 3.
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Fig. 3 3D CAD model of
flushing system concept that
was radically (re)designed
using MFF and concurrent
engineering design approach

The final resulting concept consists of water pressure tank with 4.5 L total
volume (3.0 L of water, 1.5 L for pressurized air) with three valve attachments on
its bottom part. First valve from the left (Fig. 3) is intake valve that limits the
maximum water container pressure and volume and prevents backflow. The other
two are water release valves; central release valve for full flush while the right valve
serves small flushing operation. We decided for two separate valves to reduce
complexity of the concept since the water release valves differ only in preset spring
stiffness that closes the valve when appropriate pressure drop occurs in the water
container.

All valves are permanently submerged to provide reliable operation, to avoid
noise, which would be generated if water would be spilling from height onto the
bottom of the container in the filling phase of the operation; to reduce the volume of
the concept and to simplify the production process.

The comparison of the new concept and the company’s best-selling concealed
flushing model (Table 1) showed several great improvements of the new concept
compared to the standard concealed flushing systems. Since most of the concealed
flushing systems are built similarly, we assume similar advantage also towards
other models of various manufacturers.
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Table 1 Comparison between LIV-Duo concealed toilet flushing system and flushing system
concept that was radically (re)designed based on MFF and concurrent engineering approach

‘ LIV-Duo Concept Difference
Filling unit
Mass (g) 200.83 44.68 —156.15
Number of parts 12 7 -5
Number of different materials 8 3 -5
Water release unit
Mass (g) 248.02 51.84 —196.24
Number of parts 7 11 +4
Number of different materials 4 4 0
Water container
Mass (g) 2,905.85 425.40 —2,480.45
Number of parts 8 4 —4
Number of different materials 4 2 -2
Total
Mass (g) 3,354.70 599.03 —2,755.67
Number of parts 28 33 +5
Number of different parts 28 15 -13
Number of different materials 8 4 -4

The advantage in terms of reduced mass per unit as well as in term of number of
different materials being used was obtained at all three main functions of the
system: filling, water storage and water release.

Besides that, we reduced the total number of parts per two of three units: filling
unit and water container, while release unit gained 4 more parts compared to the
release unit of standard flushing system.

On the level of a whole system we saved 2,755.67 g or 82 % of mass compared
to the existing flushing unit, the total number of used parts increased for 5 items,
however, the total number of different used items was reduced by almost 50 % due
to the use of common elements for different units and parallel use of two water
release valves.

For environmental reasons, to improve recyclability of the product at the end of
its lifecycle, it is recommended to reduce the number of different used material. The
number of different used material in new concept was reduced for 50 % compared
to the reference flushing system.

3.1 Prototype Testing

At the final stage we built functional prototype (Fig. 4) of the system, to demon-
strate the working principles and functionality of the solution. The prototype was
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Fig. 4 Working prototype of
the concept in its testing
environment

used for various tests to evaluate filling times, emptying time, and flushing
performance according to valid European standards for flushing systems (bowls and
flushing units).

The prototype testing results showed functionality of the radically developed
concept. All components performed as predicted, providing reliable filling,
emptying and pressurized water-storing functions. Besides that, both components
proved to be reliable, not causing noticeable hydraulic shocks. Their modular and
simple construction thus promises various additional possibilities of usage.

The flushing effect test was performed on standard off-the-shelf toilet bowl with
syphon volume of 1.4 L and toilet entrance and rim space of 0.8 L. Testing was
done based on two standard testing procedures: (1) flushing 12 dry toilet paper
pieces that are separately thrown in the bowl; (2) flushing 50 standardized plastic
balls (SIST EN: 997:2003 standard). We tested concepts with two different flushing
water quantities: 3.0 and 4.6 L. Testing procedures also included reference mea-
surement with classical flushing unit (3 and 6 L container). Another measurement
was performed, using the same flushing unit, but with released flushing water
accelerated with additional applied energy by injecting small amount (0.39 L) of
pressurized water directly from pipelines, through Venturi nozzle at the exit of the
water container.

However, the testing results were only partially successful. The result of toilet-
paper flushing with 3 L of water were better on the new concept compared to
standard flushing system, but significantly worse than using standard 6-L flushing
system. We suspect that the use of standardized toilet bowl which is designed for
flushing with a sudden wave of large quantity of water is the reason for that.
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Namely, 0.8 L of water spills within the bowl rim, which means there is only 2.2 L
of effective flushing water available. This amount of water must immediately
replace all 1.4 L of contaminated water in syphon containing also paper pieces,
while this is almost impossible due to bowl’s geometry. Therefore only large
quantity of water can do this job.

Further tests with plastic balls standard testing method indicated that using
pressurized water with standard bowls could even reduce the flushing effect com-
pared to reference measurement, which was significant at 3-L flushing quantity.
However, by increasing amount of pressurized flushing water to 4.6 L, the flushing
effect has almost reached standard 6-liter flushing at atmospheric pressure.

4 Conclusions

The results of this research showed that the use of MFF method could support the
development process of radically redesigned products. In this case it was particu-
larly helpful to shift paradigm of thinking that water energy instead of water
quantity can be used as flushing unit. It led to the realization that traditionally
designed flushing cisterns literally annihilate enormous amount of pressurized water
energy from the pipelines.

The prototype analysis showed several advantages including solving numbers of
unresolved problems occurring with traditional flushing units. However, the new
approach opened additional problems, which have to be resolved before the concept
will become commercially attractive.

The benefits of the results are: significant noise reduction due to the closed
container system and simplified and submerged water inflow; smaller number of
necessary different components; smaller total number of used components; reduc-
tion of total weight; reduction of different used materials; reduction of water
consumption.

The main identified but unresolved problems are the following: exploitation of
water kinetic energy for flushing demands short water transport paths to the flushing
area in order to reduce energy losses. Therefore, the water cistern must be placed
near or integrated into the toilet bowl, while upgrade of existing systems according
to valid ISO and EN standards was demonstrated as ineffective.

The additional problem of toilet bowls designed according to ISO and EN
standards is in being effective only if sufficient amount of water is being used for
flushing. Therefore it is impossible to use them effectively with less than 4.5 L
flushing water due to large quantity of contaminated water in their siphons (1-
2.5 L) that needs to be replaced during each flushing.

Therefore, we recommend using only specially designed toilet bowls with water
reservoir integrated within the bowl. Development of such bowl can be large design
and engineering challenge, but also an opportunity for a complete and integrated
product system with the highest added value on the market.
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Biogenic Domestic Waste—Exploring
Select Dimensions of Socio Technical
Innovation Using Design Probe

Amit Kundal, Jayanta Chatterjee and Shatarupa Thakurta Roy

Abstract The aim of this research paper is to explore select dimension of social
innovation through design that communicates and signals for behavioral change
towards behavioral transformation of citizens/consumers. The study focuses on
waste utilization by developing a case for an innovative product-service business
system specifically designed for campus communities/high-rise buildings/and urban
residential colonies. The study probes an economic solution for large scale com-
posting and design driven customer education on the matters of sustainability and
increased environmental responsibility. Urban Citizens behavior towards organic
waste is studied to design a self/citizen driven a product-service business system
where composting form the core. As waste handling in many Indian cities suffers
from various social taboos, so a design probe based research method is adopted to
generate preliminary data and insight through direct and indirect observation. This
research approach helped to generate empathic design ideas and to explore theories
regarding consumption innovation. The paper outlines the emerging theory of
societal design and understanding of second life for the biogenic domestic waste
and how to convert it into a new product for a new market and how waste can be an
incentive for generating social innovation. This project situates design as a core
component in the social process of transitioning to a novel system of composting.
Initial results support that design has a critical role to play in facilitating social
learning in systemic innovation.
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1 Introduction

The socio-cultural and technological problems that designers need to perceive
engage with and respond to are growing in complexity and scope. India’s growth
story has created the escalating problem of domestic and industrial waste. The main
driver for domestic waste is the rapid urbanization that is slated to change India
from a largely rural to a majority urban country in the next decade.

“Wastes” [1] are materials that are discarded after use at the end of their intended
life span. Waste management [2] is a collective activity involving segregation,
collection, transportation, re-processing, recycling and disposal of various types of
wastes. Sustainable waste management involves managing waste in an environ-
mentally sound, socially satisfactory and a techno economically viable manner.
Sustainability of waste management is the key to providing a continuous and
effective service that satisfies the needs of all the stakeholders and end users.
Sustainable waste management can be achieved through strategic planning, insti-
tutional capacity building, fiscal incentives, techno-economically viable technolo-
gies, public-private partnerships, community participation and such others.
Strategic planning needs to be based on the local needs with the formulation of
long-term goals.

2 Opportunity for Socio Techno Design Investigations

Food Waste is a complex problem that has economic, social and environmental
aspects. From the economic perspective, food has a value that can be exchanged
with any other goods in the global market. According to Worldwide Responsible
Accredited Production

(WRAP) [7], UK citizens annually throw away food costing 12 billion €, of
which 68 % can be classified as avoidable. According to the UN Food and Agri-
culture Organization (FAO) nearly a fourth of its 1.1 billion population hungry,
India indeed is the world’s hunger capital. For another example to show the
importance of food waste in economic terms, 2.2 million TJ (equal to Switzerland’s
total annual energy consumption) was embedded in food wasted in the USA in
2007 [6]. To summarize, it can be stated that addressing the food waste problem of
domestic kitchens can create multiple advantages from social, environmental and
economic perspectives.

2.1 Overview of Design Research Method

The past decade has seen tremendous interest in design and “design research” from
a multitude of perspectives in industry and academia. Indeed, the term “design
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research” has become part of the common vernacular in the field of design and is
increasingly used to describe a myriad of possible approaches, perspectives,
philosophies and methods. Research is generally defined as a systematic investi-
gation that establishes novel facts, solves new or existing problems, proves new
ideas, or develops new theories. It is primarily associated with the search for
knowledge, especially in the sciences and technological fields. Design, in contrast,
deals with the act of planning and communicating a course of action to others,
usually through the creative exploration of an area of interest. Charles Eames
defined design as “A plan for arranging elements in such a way as to best
accomplish a particular purpose [4].” The term “design research” combines these
two reasonably well-understood areas of practice, research and design, resulting in a
seemingly meaningful merger roughly equivalent to the investigation of knowledge
through purposeful design (Figs. 1 and 2) [3, 5].

Design
Research

Practice-Based
Research

DESIGN
RESEARCH

Research

Fig. 1 Design research is not a “kind” of research. Rather, research is a practice, and it is part of
design practice [6]

“Hands off”

DESIGN OF RESEARCH
RESEARCH ON DESIGN
Design Research @jl :Q: '.@.'

Knowledge Knowledge Knowledge
about Design
“Research™ “Design™"

e IR . M

atos Design
DESIGN RESEARCH
THROUGH THROUGH
RESEARCH DESIGN

“Hands on™

Fig. 2 Design through research—research through design [3]
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2.2 Assumptions Developed as We Explored

Better-designed containers/kitchen bins will encourage segregated garbage
collection.

Effective collection in the domestic unit will enhance the efficiency of the
community system. The composting route has a higher probability of success as
opposed to biogas etc. because user can directly participate in co creating the
solution.

2.3 Investigating Through the Medium of Design Probe

Design probes are an approach of user-centered design for understanding human
phenomena and exploring design opportunities. The literature and the experiences
from several probe studies suggest three features describing the probes in this book
(Mattelmiki 2005). The first emphasizes the user’s active role in recording the
material. The second and the third show similarities with the characteristics of
applied ethnography [8]. Probes are based on user participation by means of self-
documentation. The users or potential users collect and document the material,
working as active participants in the user-centered design process. They explore
new opportunities rather than solve problems that are known already. Probes are
meant to support both the designers and the users in their interpretations and
creativity. They are used to ask the users to experiment, express and explicate their
experiences. The open probe assignments are both descriptive and explorative. The
openness and room for interpretation also involve the expectation of a surprising or
unexpected result.

The probe process intending dialogue emphasizes discussion at both tuning in
probing and interpretation stage. Meeting, workshops, brainstorming sessions
encourage the dialogue. In this research probes are used throughout the design
process to facilitate discussions and dialogue with the users and potential users.

2.4 Research Study Design and Guidelines

Active participation of a user is more energetic in a physical space. The idea was to
install a set of 3 composters in the vicinity of IIT Kanpur campus and involve some
families to use the same. This active participation of user will help in generating key
observation and point to further investigation.

The Design probe pedagogy and case study format based on the composting
pilot installed at IIT Kanpur faculty apartments. The purpose of this is

1. To study the food waste disposal habit of apartment dwellers.
2. To study the food waste handling inside the kitchen and at the community site.
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3. Develop composting product design and user interface alternatives for the
Indian context.

4. To understand the relationship between Indian household and domestic food
waste generated by them.

5. To study weather the co creation of devices and artifacts with waste handlers
from the plate to the final dumping bin can lead to efficient and effective designs.

Rather than focusing barely on how to persuade users to recycle in a correct way,
the goal is to reach deeper understanding of people’s approach to food waste disposal.

Throughout the entire research, a user centered design (UCD) approach was
applied. There are interconnected studies that were conducted to answer these
research questions.

3 Research Study Analyses

In Study I, 26 participants were observed and conversations were initiated and
recorded over a period of three months to explore their perceptions and attitudes
towards food waste, revealing the most wasted food types and reasons for food
wastage. The findings of Study I were clustered under four phases of food handling:
acquisition, preparation, consumption and storage. With the help of study I, the
food waste problem in domestic kitchens and user behavior became clear.

The attitudes that we have towards purchasing food can influence the way we
shop and how much food we waste at home. Most respondents indicated that they
feel guilty when they waste food (82 %). Although most respondents (79 %)
claimed they thought about how much food they would use, just 57 % indicated that
they are careful about buying foods that they know will be used. This suggests a
disparity between thinking about how much will be used and following through
with the corresponding purchasing behavior.

Most respondents (70 %) indicated they only buy the amount of fruit and veg-
etables they need, while 15 % indicated they buy the best value fruit and vegetables
even if it is more than what they need.

Individuals can waste food intentionally and unintentionally. Study was devised
to discern the behaviors of individuals falling into these two categories. However,
some individuals may not be aware of what they waste, whilst others may not waste
any food at all. Candidates who answered “no” to this question were not selected as
participants for further Study, even though they might not have been aware of their
waste behavior. Furthermore, for such candidates, it is hard to determine whether
they really do not waste food or whether they are not aware of their food waste
behaviors. We decided to instead to simply exclude from the study the candidates
who answered “no” to “do you waste food?” We tried to divide participant’s
behaviors into intentional and unintentional food wasting. Afterwards, the partici-
pants were asked several questions to learn whether food wastage is really a
problem according to their perception.
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These questions were as follows:

e Do you remember what kind of food did you throw away last week?

e How can the food waste problem be solved? Do you think that it can be solve
with regulations and education? Or, can the help of products or services solve it?

e Do you think that food waste is our individual problem? Can we solve it by
changing our behaviors such as planning skills?

After these questions were asked, participants were requested to answer several
questions about their acquisition, preparation, consumption and disposing behav-
iors, in order to gather explicit knowledge about the issue.

These results were helped to designate the Study II, a generative session with
three users and two designers, which mainly aimed to understand latent and tacit
information about the possible solution ways and reasons behind the food waste
problem. The results of Study II were used for creating a set of criteria for design
solution, which could minimize food waste, was drawn-up.

4 Best Practices on Food Waste Prevention

The Paradigm shift in the waste and resources management sectors, that will
actually achieve significant and measurable prevention and ultimately contribute to
sustainability, has as prerequisite the implementation of effective strategies. A range
of waste usage prevention strategies, targeting households, with varying degrees of
success, has been applied in several EU countries. The strategies applied fall into
three categories with different levels of engagement of central or local authorities:

(i) Diffusion of information;
(i) Promotional campaigns; and
(iii) Setting regulations.

A range of best practices for food waste usage prevention is presented and
briefly analyzed below, to feature good examples and stimulate waste prevention.

4.1 “Love Food Hate Waste” Campaign, WRAP, UK

This has proved to be one of the most successful food waste related awareness
campaigns. Over the first two years of its application (from its launch in 2007-
2009) in the UK, it contributed to the prevention of approximately 137,000 tonnes
of food waste. The campaign aims at raising awareness, personalizing the issue of
food waste usage prevention, and developing “encourage and enable” actions
(http://lovefoodhatewaste.com).
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4.2 Réduisons nos Déchets, National Authority 2005, France

The awareness campaign “Réduisons nos Déchets” (Reducing our Waste) was
developed by the ADEME, the French Environmental and Energy Management
Agency, in order to provide information to households about waste generation usage
and prevention. This campaign also participates and promotes the European Week for
Waste Reduction (EWWR) initiative (http://www.reduisonsnosdechets.fr).

5 Next Practices for Food Waste

5.1 Levels of Design

As Don Norman explain in his book Emotional Design that Human behavior
towards everyday objects and the environment is very complex. Each of the three
levels of designs Visceral Design, Behavioral Design and Reflective Design defines
the experience of the engagement.

5.1.1 Visceral Design

Visceral is what nature does. We humans evolved to coexist in the environment of
other humans, plants, landscapes, weather and other natural phenomena. As a result
we are exquisitely tuned to receive powerful emotional signals from the environ-
ment that get interpreted automatically at the visceral level. When we perceive
something as ‘pretty’, that judgment comes directly from the visceral level.

5.1.2 Behavioral Design

Appearance doesn’t really matter but performance does. What matters are four
components of good design: Function, understandability, usability and physical
feel. If a well-designer product misses the target when it comes to fulfilling its
purpose, it deserves to fail. What if a peeler doesn’t peel?

5.1.3 Reflective Design

We all worry about the image we present to others. You avoid things because ‘it
wouldn’t be right’ or you buy things so support a cause you prefer. Attractiveness is
visceral, beauty is reflective. Reflective level operations often determine a person’s
overall impression of a product. You think back, reflect upon its total appeal and
experience of use.
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Table 1 The three parts to consider for a successful composting system in India

Inside

Outside

Awareness

Problem: waste separation

Problem: a composter that is
suitable for India

Problem: people lack
awareness to what compost-
ing is. This leads to prob-
lems with waste separation.
Once educated, people
embrace the idea and are
excited about the concept

Discussion: a bio bin to
promote awareness and
encourage waste separation
Design can provide a direc-
tion of the use of the bin
through pictures and illus-

Discussion: design to fit
India’s climate. Less insula-
tion, cheaper materials and
manufacturing, and wheels.
A Caretaker to look after
composting process and

Discussion: a composting
campaign that has a recall
value with posters, stationery
and shirts to constantly
remind people about
composting

trations. Materials like char-
coal powder can be used to
reduce smell from the bin.
Color-coding in many cases
has been adapted success-
fully for encouraging segre-
gation, Use of space in
reference to indian kitchen
layout is and important area
to focus

monitor waste separation

6 A Step to Sustainable Composting Solution for Indian
Consumer

Based on the results from the previous chapter a three-way solution for Indian
market was envisaged. Indian household are not used to self motivated segregation
for successful composting activity, hence it was important to construct entire sys-
tem around the composting so as to ensure that composting becomes a part of
everyday activity (Table 1).

7 Conclusions

Food waste is a stream with multiple social, economical and environmental
implications generated throughout the life cycle stages of food. Among those
stages, the role of the households in the generation of food waste is very important.
Therefore, in order to demonstrate its potential, quantification of the household food
waste benefits is required.
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Composting is often implemented for the wrong reasons. It can make large
profits, may be it will not solve all solid waste management problems. Incentives,
such as the converting you waste into an economic inflow rather that out flow to are
needed to be addressed to set up composting projects, which can be sustained on a
long-term basis. Composting should be considered as part of a larger educational
strategy for educating Indian consumer about the process and benefits, so it can be
adopted within the culture of Indian community supported with appropriate tech-
nologies based on market opportunities, economic feasibility, and social accep-
tance. Cost effective and sustainable composting is possible within a household.
Participation and cooperation from many stakeholders is required, including
national governments, municipalities, local communities, waste generators, and the
private sector. Government and other bodies should support and encourage com-
munity based, private sector, and municipal composting initiatives by:

Providing technical assistance on composting techniques
Developing guidelines for the implementation of low-cost facilities
Evaluating loans and other financial support

Allocating land for compost facilities on a long term lease basis
Establishing and enforcing compost quality standards

Regulating and monitoring the performance of compost operations
Promoting the use of compost through public awareness campaigns

8 Limitations and Future Direction of Study

Same methodology can be applied in understanding bigger and complex systems
like hostels; hotels and new probes can be developed to enhance the process and
solution domain. Understanding the sociological and cultural attitude of people
towards waste and reduction of source. After the compost is created from biogenic
domestic waste an economically feasible system has to build for sustainability.
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Design for the BOP and the TOP:
Requirements Handling Behaviour
of Designers

Santosh Jagtap, Andreas Larsson, Anders Warell,
Deepak Santhanakrishnan and Sachin Jagtap

Abstract The base (BOP) and the top (TOP) of the world income pyramid rep-
resent the people living in poverty and the people from developed countries,
respectively. In the approach of business development combined with poverty
alleviation, the design of products for the BOP plays an important role. There is an
urgent need to develop an understanding of the process of designing products for
the BOP. Requirements handling is an important ingredient of a design process.
This research, using a protocol study, examined the differences between the
requirements handling behaviour of designers when they design a product for the
BOP and TOP markets. We found differences between their requirements handling
behaviour in terms of their attention to different topics of requirements, and their
handling of solution-specific and solution-neutral requirements.

Keywords Base of the pyramid - Product design - Requirements - Protocol
analysis

1 Introduction

The world income pyramid can be divided into three segments—top, middle, and
bottom. The top segments (i.e., ‘Top of the Pyramid’—TOP), includes people from
developed countries. The middle segment consists of the rising middle class from
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developing countries. The bottom segment, generally called the ‘Base of the
Pyramid’ (BOP), consists of the poor people. About two-fifths of the world pop-
ulation can be categorized as poor [1].

1.1 Design for BOP Markets

In recent years, a poverty reduction approach that combines business development
with poverty alleviation has received attention [2]. In this approach, the poor at the
BOP are considered as producers and consumers of products. Design of products is
an important ingredient of this market-based approach. Furthermore, some uni-
versities have begun to offer courses and/or design projects in the area of the design
for the BOP.

Design research is important in understanding and improving design practice
and education [3]. However, design researchers have given little attention to the
field of the design for the BOP. Most of the design research has been carried out in
the context of developed countries and relatively affluent markets [4, 5]. There has
been little empirical examination of the design for the BOP. This limits our ability
to develop tools and methods for improving current practice and education of
design for the BOP.

In our previous research [5], using a protocol study, we explored the differences
between the design processes for the BOP and TOP markets. Specifically, we
investigated the strategies (i.e., problem driven, solution driven strategy) used by
the designers. In this paper, based on the data from the protocol study, we examine
how designers handle requirements in designing products for the BOP and TOP
markets. We have discussed the implications of the findings for design practice.

1.2 Requirements Handling in Design

Chakrabarti et al. [6] found that the main ingredients of the design process are:
requirements (i.e., problems), solutions, information, and strategy (i.e., plan of
action to progress through the design process). In the design process, requirements
and solutions co-evolve [7].

Based on the analysis of designers’ activities, Nidamarthi [8] found that the
designers use tentative solutions to enhance the understanding of the initial
requirements. He also observed that these solution-generated requirements (i.e.,
solution-specific requirements) played an important role in the problem solving
process. Restrepo and Christiaans [9], based on their empirical studies of designers,
have characterised requirements depending on their specificity—‘solution-specific’
and ‘solution-neutral’.

In his experiments with designers, Nidamarthi [8] found that requirements do not
get fulfilled if they are ignored. In the experiments, the designers were asked to
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Fig. 1 Distribution of activity related to the requirement regarding ‘safety’ by two teams—
adopted from [8]

consider some safety aspects (see Fig. 1). In this Fig. 1, any horizontal segment
indicates inactivity by the design team in the related requirement for that duration.
The design team, which provided enough attention to the requirements regarding
safety aspects, was successful in satisfying safety-related requirements.

2 The Protocol Study

The details of the protocol study are presented in our previous research [5]. How-
ever, for easy reference, we briefly present the protocol study in this paper. In total,
eight designers individually participated in the study. These designers were divided
into two groups, namely BOP and TOP groups/sessions. In a laboratory setting, four
designers (BOP designers) solved a design problem for the BOP, and four other
designers (TOP designers) solved the same problem for the TOP. These eight
designers were Masters students in ‘Industrial Design’ or ‘Product Design’. Before
this protocol study, we ensured that the BOP and TOP designers had prior experi-
ence of working on university-based design projects for the BOP and the TOP,
respectively. We believe that excepting this difference in experience of working on
university-based design projects, the designers in the BOP and TOP sessions are
fairly similar. It is therefore likely that the differences in the design processes for the
BOP and TOP markets are mainly due to the differences in these markets. There can
be some differences in these design processes due to the difference in the BOP and
TOP designers’ degree of familiarity with the respective contexts. We have dis-
cussed these issues later in Sect. 4. Our experimental arrangement was pragmatic,
and the findings gained through this research are useful in terms of their implications
for design practice. These implications are discussed in Sect. 4.
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The formulated design problem needs to be applicable for the BOP and TOP
markets. We created the design problem as follows.

A highly contagious and deadly disease called ‘anthrax-d5’ is spreading across (...). This
disease is transmitted only through contaminated food and water. A person infected with
this disease needs to be hospitalized in order to save his/her life. The spread of this disease
is such that the existing healthcare infrastructure (i.e., available number of hospitals) is
inadequate to hospitalize and treat the large number of infected people. There is an urgent
need to erect a number of temporary shelters that can be used as hospitals. For (xxx), where
the ‘anthrax-d5’ is spreading at an enormous rate, design such a temporary shelter that can
be used to hospitalize 5 infected people (per shelter). Each shelter also needs to accom-
modate basic healthcare facilities and healthcare staff consisting of 1 nurse. The time to
install this shelter must be less than 2 h. The shelter also needs to withstand different types
of weather conditions.

In the above problem, in the case of the BOP sessions, (...) was replaced by ‘a
cluster of BOP communities in a developing country’ and (xxx) by ‘the cluster of
BOP communities’. In the TOP sessions, (...) was replaced by ‘a city in a devel-
oped country’ and (xxx) by ‘the city in the developed country’.

The audio recordings were transcribed. The transcripts were divided into seg-
ments, with each segment corresponding to a single thought, expression, or idea.
The coding scheme consisted of four major categories, borrowed from the coding
scheme successfully implemented and developed by Chakrabarti et al. [6]. The four
major categories are: ‘requirement’, ‘solution’, ‘information’, and ‘strategy’ (see
Table 1).

As shown in Table 1, for the segments that were classified under the ‘require-
ment’ category, we coded the type of requirement (i.e., solution-specific or

Table 1 Coding scheme

Category Description (example)

Requirement Designer deals with a requirement (“That needs to include...”, “I am
assuming this should be...”)

Req. type

Solution-specific | A requirement that is specific to any of the designer’ solutions

(SR) (The designer, in relation to a specific solution, dealt with the following
requirement, “The outside of it should be of leak-proof material to protect
from rain.”)

Solution-neutral A requirement that is not specific to any of the designer’s solutions

(NR) (“The solution needs to be as cost-efficient as possible.”)

Regq. topic Categorization of a requirement based on its topic (e.g., materials,
geometry, aesthetics, ergonomics, etc.)

Solution Designer deals with a solution (“Let’s put cloth on inside...”, “So, this is
efficient to...”)

Information Designer deals with information (“Developed countries have...”, “This is
actually not accurate information of...”)

Strategy A plan of action for proceeding through the design process (“I will start by
just taking some notes about what this task is.”)
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solution-neutral), and the topics of requirement (e.g., materials, geometry, etc.).
Some topics of requirements were borrowed from Pahl and Beitz [10] and
Dwarakanath and Blessing [11], and some topics evolved during the coding process.

We measured the reliability of the coding process by calculating the percentage
agreement between two coders. Due to resource limitations, two out of the eight
protocols (i.e., two transcripts) were coded by the researcher and one coder. The
average inter-coder reliability was above 85 %.

3 Results

3.1 Specificity of Requirements

Figure 2 shows the average percentage of segments according to the requirements-
specificity in the BOP and TOP sessions. In the BOP and TOP sessions, there are
differences between the occurrence percentages of these two types of requirements.
The average percentage of segments associated with the solution-specific require-
ments (SRs) is higher in the TOP sessions as compared to that in the BOP sessions
(48.0 and 32.2 %). In contrary, the average percentage of segments associated with
the solution-neutral requirements (NRs) is higher in the BOP sessions as compared
to that in the TOP sessions (67.8 and 53.1 %).

Figure 2 also shows that, in the BOP sessions, there is a substantial difference
between the average percentage of segments classified into SRs and NRs. The
designers in the BOP sessions dealt more with the NRs than with the SRs (67.8 and
32.2 %). While the designers in the TOP sessions dealt more with the NRs than

Fig. 2 Solution-specific and 1
solution-neutral requirements

Solution- 531

neutral 67.8
Solution- 480
specific 322 TOP
0O BOP
0.0 20.0 40.0 60.0 80.0
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with the SRs (53.1 and 48.0 %), the difference between the average percentage of
segments under these two types of requirements is small in the TOP sessions (53.1
and 48.0 %) as compared to that in the BOP sessions (67.8 and 32.2 %).

3.2 Topics of Requirements

The BOP and TOP designers mainly dealt with requirements related to geometry
and installation (see Fig. 3). As compared to the TOP designers, the BOP designers
dealt more with requirements from the topics-materials (12.5 and 6.7 %), users
(13.3 and 6.5 %), energy/power (6.3 and 4.3 %), and costs (3.6 and 1.7 %). As
compared to the TOP designers, the BOP designers paid little attention to the
requirements related to aesthetics (0.4 and 5.6 %), ergonomics (4 and 10.5 %),
information provision (0.4 and 2.6 %), supply chain/logistics (2 and 7.3 %),
healthcare (8.6 and 13.8 %), and hygiene (5.4 and 12.4 %). The designers from both
BOP and TOP sessions have not considered maintenance requirements. While the
TOP designers have considered the requirements about forces and production, the
BOP designers have not considered requirements from these topics.

The above differences between the BOP and TOP designers can be due to the
differences between the TOP and BOP markets (e.g., the poor physical infra-
structure in the BOP markets, low income of the BOP people, etc.). Furthermore,
the differences in the occurrence percentages of requirements from different topics
indicate the degree of importance the designers have placed on these topics. For
example, the findings suggest that, as compared to the TOP designers, the BOP
designers have placed more importance on the requirements regarding materials,
energy/power, costs, etc. and less importance on the requirements regarding aes-
thetics, ergonomics, information provision, hygiene, etc.

oDBOP @TOP

Average % of segments

Fig. 3 Topics of requirements
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Q1 Q2 Q3 Q4
BOP ] 1.9 | 10.5 | 11.9:| 8.0
SR
TOP 7.2 ’ 9.7 ’ 211 ‘ 10.0
BOP 39.2 ‘ 19.9 6.6 2.0
NR
TOP 3#.2 | 16.4 0.7 0.9

Fig. 4 Distribution of SRs and NRs (average % of segments)

3.3 Distribution of Solution-Specific and Solution-Neutral
Requirements

For each designer, the timeline of the design process was divided into four equal
quarters, namely Q1, Q2, Q3, and Q4. We counted the number of segments cor-
responding to solution-specific requirements (SRs) and solution-neutral require-
ments (NRs) in each of these quarters. Figure 4 shows the average percentage of
segments for SRs and NRs in each of the quarters in the case of the BOP and TOP
sessions. The coloured bars in this figure are drawn by using the conditional for-
matting facility of the Microsoft Excel.

From Fig. 4, the following observations can be made. Throughout the process,
the occurrence percentage of SRs is higher in the TOP sessions than in the BOP
sessions, except for Q2. In Q2, the occurrence percentage of SRs is slightly higher
in the BOP sessions than in the TOP sessions (10.5 and 9.7 %). In Ql, the
occurrence percentage of SRs is considerably higher in the TOP session than in the
BOP session (7.2 and 1.9 %). This indicates that the TOP designers engaged in
activities associated with solutions from the beginning of the process (i.e., in Q1).

Figure 4 also shows that, in the TOP and BOP sessions, from Q1 to Q4, there is a
gradual decrease in the occurrence percentage of segments associated with NRs.
However, there are some differences between these two sessions regarding the
occurrence percentages of these NRs along the timeline. The designers in the TOP
sessions considered the NRs mainly in the early phases of the process (i.e., in
quarters Q1 and Q2). On the contrary, the designers in the BOP sessions dealt with
these requirements throughout the process as can be seen from the average per-
centage of segments in Q3 (6.6 %) and Q4 (2 %).

4 Discussion, Conclusions, and Limitations

In this research, we used a protocol study to compare requirements handling
behaviour of BOP and TOP designers. In comparison to the TOP designers, the
BOP designers predominantly handled NRs than SRs. The BOP designers handled
NRs throughout the process with an emphasis in the early phases. NRs are not
specific to a solution, and the higher handling of NRs suggests that a designer is
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engaged more in the clarification of the design objectives that the final design
solution needs to meet. These findings indicate that the BOP designers engaged
more in the clarification of the objectives than the TOP designers. A reason can be
greater unfamiliarity with the design task in the BOP sessions. The BOP designers
had experience of working on university-based design projects for the
BOP. However, they come from the middle to upper middle class strata of the
society, and therefore it is likely that they did not experience the context of the
poverty/BOP. Consequently, they had less direct knowledge of the BOP. The TOP
designers’ familiarity with the TOP was relatively higher as they come from middle
to upper middle class strata of the society.

There are differences between the BOP and TOP sessions in terms of different
types of requirements considered by the BOP and TOP designers. The BOP
designers have placed more importance on the requirements related to materials,
energy/power, costs, etc. and less importance on the requirements regarding aes-
thetics, ergonomics, information provision, hygiene, etc. These differences can be
attributed to the obvious differences between the BOP and TOP markets (e.g., the
physical infrastructure, the income of the BOP people is meagre, etc.).

The TOP designers have paid attention to the requirements regarding aesthetics,
ergonomics, information provisions, hygiene, and supply chain/logistics. The BOP
designers have not paid enough attention to these requirements despite the
importance of these requirements in the BOP. For example, the BOP people, in
general, are semiliterate or illiterate, and therefore the requirements regarding
information provision are important in the BOP. Also, the BOP people can have
preferences regarding aesthetic qualities of products. Furthermore, the requirements
regarding supply chain/logistics are important in the BOP.

We propose the following reasons for the BOP designers’ less attention to the
requirements regarding aesthetics, ergonomics, and information provision. The
BOP designers placed more importance on some requirements (e.g., materials,
energy/power, costs, etc.); and they thus perceived other requirements as less
important. Another reason can be that there was higher degree of unfamiliarity with
the design task in the BOP sessions. Furthermore, the designers might tend to think
that the BOP people mainly have basic survival needs, and they might tend to give
little attention to their other needs (e.g., their aesthetic preference). However, the
BOP people can have other needs besides the basic survival needs. Van Kempen’s
[12] experiments in Bolivia revealed that the poor people can consume status
products before satisfying their physiological needs.

The BOP designers paid less attention to the requirements regarding aesthetics,
ergonomics, etc. The requirements, which are given less attention, do not get ful-
filled [8]. There are examples of ‘real life’ BOP design projects where the
requirements regarding aesthetics and ergonomics were not taken into account, and
that caused in the unacceptance of the products by the BOP people. These ‘real life’
projects are from different sectors such as healthcare and access to clean drinking
water [13, 14]. Consider for example a product, namely ‘LifeStraw’, which is
specifically designed for providing clean drinking water to the BOP people. Life-
Straw is a water filter in the form of a tube, and can be used by one person (see
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Fig. 5 Lifestraw (Source—
https://www.wikipedia.org/;
“LifeStraw use” by

Edyta Materka from London,
United Kingdom)

al

Fig. 5). Water passes through a filter when a person sucks it up. According to Starr
[14], requirements regarding ergonomics and symbolic meaning of a product were
not considered in the design of the LifeStraw, and therefore the BOP people may
not like using product. He states, “People don’t really like squatting over dirty water
and sucking it up in a straw... it’s a lot of work to suck it up through a filter.”
Another example of a product that is not widely used by the BOP people is
‘PlayPump’ [14]. The PlayPump uses the energy of children at play to operate a
water pump. However, in the design of this product, the requirements regarding
ergonomics were not taken into account. It can be difficult to operate the PlayPump
[15].

Lockwood [13] has explained why condoms are not widely used in the DR
Congo. HIV is a serious problem in the DR Congo, and aid agencies have dis-
tributed low-priced condoms in the country. However, a few people are using them.
According to Lockwood [13], a reason behind this is that the requirements
regarding the symbolic meaning of a product were not considered and implemented
in the design of condom-packaging. The packaging of condoms, distributed by the
aid agencies, shows pictures such as a wife and a husband, and a ‘red ribbon’ that
reminds people about HIV. This type of packaging-design does not motivate people
to use condoms.

These examples of ‘real life’ BOP design projects and the findings of our
research suggest that there appears to be a tendency not to pay enough attention to
the requirements regarding aesthetics and ergonomics in the design of products for
the BOP despite the importance of these requirements in the acceptability of
products by the BOP people. A potential implication of these findings is that
designers need to overcome the above tendency, and that they ought to consider
such requirements in the design of products for the BOP.

There are some limitations to this research. The results are based on the design
task that is not a genuine ‘real life’ design task. The designers worked individually
in contrast to genuine design projects that are, in general, carried out by a team. The
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process of thinking aloud while solving a design problem may affect the design
process. While the sample size in our study is small, the experiment provided
sufficient data to observe overall trends and observations. We believe that it is
important to validate the results of this research in studies of real design projects
using ethnographic methodologies. It would also be interesting to study the dif-
ferences between the design processes for the BOP and TOP when designers are
given the same set of product specifications. For example, designers can be given
the same product specifications and then can be asked to design and develop
solutions to meet those specification for the BOP and TOP markets.

Acknowledgments This work was partly financed by VINNOVA within the Product Innovation
Engineering program (PIEp). We are grateful to the participating designers. This paper is an
enriched version of some part of the paper—Jagtap et al. [5].

References

1. Karnani, A.: Fighting Poverty Together: Rethinking Strategies for Business Governments and
Civil Society to Reduce Poverty. Palgrave Macmillan, Basingstoke (2011)

2. Prahalad, C.K.: The Fortune at the Bottom of the Pyramid: Eradicating Poverty through
Profits. Wharton School Publishing, Upper Saddle River (2004)

3. Blessing, L.T.M., Chakrabarti, A.: DRG, A Design Research Methodology. Springer-Verlag
London Limited, London (2009)

4. Jagtap, S., Larsson A.: Design of product service systems at the base of the pyramid. In:
International Conference on Research into Design (ICoRD °13), Chennai, India (2013)

5. Jagtap, S., et al.: How design process for the base of the Pyramid differs from that for the top
of the Pyramid. Des. Stud. 35, 527-558 (2014)

6. Chakrabarti, A., Morgenstern, S., Knaab, H.: Identification and application of requirements
and their impact on the design process: a protocol study. Res. Eng. Design 15(1), 22-39
(2004)

7. Suwa, M., Gero, J., Purcell, T.: Unexpected discoveries and S-invention of design
requirements: important vehicles for a design process. Des. Stud. 21(6), 539-567 (2000)

8. Nidamarthi, S.: Understanding and Supporting Requirement Satisfaction in the Design
Process. In Engineering Department. University of Cambridge, Cambridge (1999)

9. Restrepo, J., Christiaans H.: Design requirements: conditioners or conditioned? In:
International Conference on Engineering Design, Stockolm (2003)

10. Pahl, G., Beitz, W.: Engineering Design, 2nd edn. Springer, London (1996)

11. Dwarakanath, S., Blessing, L.: Ingredients of the design process: a comparison between group
and individual work, in analysing design activity. In: Cross, N., Christiaans, H., Dorst, K.
(eds), Wiley, Chichester (1996)

12. Van Kempen, L.: Status Consumption and Poverty in Developing Countries. VDM
Publishing, Saarbriicken (2009)

13. Lockwood, A.: Selling condoms in the Congo, TED talk. (2011)

14. Starr, K.: Design for (Real) Social Impact, IIT Design Research Conference (2010)

15. PlayPump: Available from http://en.wikipedia.org/wiki/Roundabout_PlayPump (2014)


http://en.wikipedia.org/wiki/Roundabout_PlayPump

A Sustainable Design Method Acting
as an Innovation Tool

Jeremy Faludi

Abstract Product companies generally see sustainability as a burden limiting their
design process, similar to cost or safety limits. A method for sustainable design was
created, attempting to turn sustainability from a burden into an innovation tool with
inherent business value. The method combines creative whole-systems thinking with
quantitative sustainability metrics. It facilitates innovation by the creation of visual
whole-system maps that encourage more thorough and more radical brainstorming.
It facilitates sustainability by using quantitative measurements, such as life-cycle
assessment or point-based certification systems, to set priorities and choose final
designs. The method has been anecdotally tested in classes at four universities, and
many of the companies partnering with these classes have said the students provided
both sustainability and feature /functionality benefits. This paper also compares the
method to Lindahl’s nine recommendations for being useful to engineering
designers. Thus there is at least anecdotal evidence that the design method may turn
sustainability from a burden into an innovation tool. Future studies should compare
the method against industry-leading innovation and green design methods.

Keywords Sustainable design - Innovation - Design method - Design process -
Systems thinking - Life-cycle assessment - Design fixation

1 Introduction

Sustainability is one of the critical problems of our time, affecting all people on Earth
in some way, as well as affecting economies and ecologies. Green architecture is an
increasingly established industry, with three billion square feet of LEED-certified
buildings alone [1], but green product design is decades behind, with few sustainable
alternatives to most consumer products. Behrisch et al. bemoaned the lack of studies
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on how often green design techniques are even used in industry [2] or advertised as
capabilities [3]. Sustainable design has been studied extensively, but most studies
have found that companies perceive it to be a burden on designers and engineers, due
to the extra time and money it requires [4—6]. Many eco-designers have been touting
sustainability as an innovation tool for years—a conference named ‘“Sustainable
Innovation” is in its 19th year [7]. However, academic studies showing its advan-
tages for innovation are scarce to nonexistent. Collado-Ruiz’s quantitative study
shows the opposite—that eco-design methods limit design creativity [8].

This does not have to be the final word, however. Different design methods can be
assumed to drive different outcomes, or else they would not be used. Some methods
are actually not design but just sustainability assessment, such as life-cycle assess-
ment (“LCA”), or assessment and strategizing, such as Waage’s “road map” [9].
Other methods focus almost entirely on idea generation, such as Biomimicry [10].
Most methods combine ideation, strategizing, and assessment together, e.g., The
Natural Step [11], the UNEP/TU Delft Design for Sustainability manual [12], Factor
Ten [13], and various certification systems like Cradle to Cradle [14] or EPEAT [15].

Some green design strategies have unquestionably caused innovation in the market
(in the sense of radical design change): for example, turning a product into a service.
Product-service-systems have been great financial successes for Xerox, Electrolux,
Castrol, and many others [16], showing that economically valuable innovation can
come from sustainable design. Product-service-systems are not appropriate for every
product category, but perhaps a design method prioritizing both sustainability and
innovation could suggest valuable solutions for any product category.

2 Background

Why is it important for a sustainable design method to also be an innovation tool?
Most companies only use sustainable design when it is required by government
regulation, reduces legal liability, or saves money, rather than prioritizing sus-
tainability in itself [17]. Of these, only “saving money” sees sustainability as an
investment rather than a burden, but all three motivations have direct economic
value for companies [18]. Innovation is a direct economic value, which is also seen
as an investment by companies [19, 20]. Therefore, sustainable design as innova-
tion should be pursued for three reasons: First, because innovation is valued by
companies, and can thus promote sustainable design in cases where it does not
obviously save money, reduce legal liability, or solve regulatory compliance.
Second, because sustainable design usually requires companies to think very dif-
ferently about their products—a natural driver for innovation. Third, because
innovative companies are market leaders, and leaders shifting towards sustainability
could pull whole industries along with them.

Lindahl [21] studied engineering designers to find their requirements for sus-
tainable design tools, and listed nine recommendations: #1. Easy-to-understand
benefits. #2. Easy to understand process. #3. Adjustable to different contexts. #4.
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Low setup time. #5. No need for simultaneous cooperation. #6. Low need for
data. #7. Visualization of results. #8. IT-based (use dedicated software). #9. Give
direction, not a result.

The Whole-Systems and Life-Cycle (“WSLC”) method was created for the
Autodesk Sustainability Workshop [22], a free online set of training resources for
students, professionals, or professors. While quantitative assessments of learning
outcomes have not been studied, anecdotal evidence suggests it may be an effective
learning platform [23-26]. In the Sustainability Workshop, the WSLC design
method is a keystone. It frames later videos and readings on specialized sustainable
design strategies such as material choices, design for disassembly, reducing
material use, and energy efficiency.

3 The Whole Systems + Life-Cycle Design Method

The WSLC method combines creative whole-systems thinking with quantitative
sustainability metrics in a four-step process: First, designers /engineers /business
managers start with the existing product or service, and visually map its whole
system. This includes all major physical sub-systems, life-cycle stages, inputs and
outputs, customer use, and the connections between these nodes. Second, this system
is quantitatively analyzed, using LCA or point-based certification systems (e.g.,
Cradle to Cradle or EPEAT) to find the worst environmental impact(s). The worst
impact becomes the top-priority goal for sustainable redesign. The design team then
ranks the top-priority sustainability goal(s) along with the project’s top business goal
(s) such as cost and functionality, and writes quantitative metrics of success for all
goals. Third, the team brainstorms on their top-priority sustainability goal, using the
visual system map to facilitate the brainstorm. This helps designers be more thor-
ough by ensuring there are alternatives to every component or step in the system
map, and helps designers generate more radical ideas by encouraging them to skip
steps/eliminate components in the system. Finally, quantitative environmental
impact estimates (LCA or certification scores) are used to judge the brainstorm
results. These estimates are very imperfect, but are still better than untrained
guesswork—engineers, designers, and managers are not environmental scientists, so
quantitative estimates will be better than their intuition of where eco-impacts lie. The
WSLC design method’s two divergent, creative stages balance its two convergent,
analytical stages to turn sustainability from a limitation into a jumping-off point
for exploration. A video describing the method can be seen at http://
sustainabilityworkshop.autodesk.com/products/whole-systems-and-lifecycle-thinking
. Some illustrations from educator materials are included here as examples.

For Step 1, Fig. 1 shows a possible whole system map for a refrigerator. In the
center is the product with all its major parts: doors, insulation, cooling coils,
compressor, etc. The life-cycle of the refrigerator is shown from bottom left to
bottom right, going from raw materials to landfill. Since refrigerators exist to
prevent food from spoiling, the food’s life-cycle is shown from top left to top right.
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Fig. 1 WSLC Step 1: an example whole-system map for a refrigerator

Next to the cutaway drawing of the product in the center, the adjacent nodes in the
map show how it is used: the user opens and closes the refrigerator door to insert
and remove food. The refrigerator’s other significant input is electricity, shown at
center top. There is not necessarily a “right” system map—it cannot capture the
immense complexity of the entire world, it is merely a model to aid design teams in
focusing on all the aspects of a design they can influence. Therefore the design team
should tune the system map’s completeness and level of detail to their purposes.
More complete is generally better.

For Step 2, Fig. 2 shows the quantitative sustainability assessment using LCA.
Step 2 starts with Step 1°s whole system map and either calculates an LCA of the
whole system, or of a subset of it chosen by the design team to only include things
they feel they can influence. Step 1 also helps clarify the functional unit for Step 2°s
analysis. More expansive LCAs give a more complete picture, but require more

- Refrigerator LCA PRIORITIES 2 METRICS
& 120000 - o T =
S soomo D REDUE To7AL ENERGY USE.
= e - 0% LESS ENeRgY
E 60000 2) USER. CONVENIENCE.
E | -NO ADDED TIME-
g ~SAME GQUALITY
§ o
N [P - | DPRICE
Materials Mfg. Transport Use Disposal - ZERO Am COST

Fig. 2 WSLC Step 2: an example life-cycle assessment for a refrigerator, with the resulting
sustainability priority and metric along with business priorities and metrics
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time and expertise to perform. LCAs may be done by an engineer on the team, or by
an outside department/consultant, using software such as SimaPro, GaBi, Sus-
tainable Minds, or even paper-based systems if budget is limited. It may be a pre-
existing assessment. The LCA should use a methodology that measures a broad
variety of sustainability impacts and combines them into a single score; e.g.,
Ecolndicator [27] or ReCiPe [28]. This makes it easy to identify top sustainability
priorities at a glance. Systems other than LCA can be used instead: for instance,
scorecards such as EPEAT and Cradle to Cradle include both environmental and
social impacts, and provide simple scores. Once the top sustainability priority is
identified by one of these means, it is listed in the design specification, ranked
alongside business priorities. These business priorities and metrics will generally be
pre-existing, set by team managers or executives. Sustainability rarely ranks first,
but it should be given a place in the list. Concrete metrics to measure success are
decided upon here, for later accountability to the vision set forth in the design spec.
Metrics for success depend on the team—an ambitious team might aim for 80 %
reduction of energy use, while a modest team might choose 20 %. Metrics are not
strictly needed but are helpful-they help teams decide when they are “done”, versus
when they need to keep generating more ideas.

For Step 3, Fig. 3 shows brainstorming off of the whole system map created in
Step 1. (Note that Step 2’s LCA may have narrowed the boundaries chosen by the

Fig. 3 WSLC Step 3: brainstorming off a whole-system map shows which parts of the system
have new ideas and which do not, encouraging thoroughness in ideation
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design team as being within their scope of influence—the map here does not
include all the nodes of the original whole system map in Step 1.) Step 2’s top
sustainability priority is the “problem statement” that Step 3’s brainstorm generates
solutions for. Designers can avoid the classic brainstorming trap of fixating on
certain solution types [29, 30], simply by brainstorming off of every node on the
map. They immediately and constantly see what components of the product or steps
in the system they have new ideas for, and which do not have new ideas. By
requiring new ideas for every single node in the system map, brainstormers can
break fixation to consider more varied solutions and ensure they are not missing
opportunities for innovation in forgotten parts of the product’s system. Visual
messiness can be alleviated by having several copies of the system map (see Fig. 4
for a second page with more ideas). This is especially easy when teams are mapping
and brainstorming with software. Most of the text in Figs. 3 and 4 is not readable
here, but it is not necessary to understand the results of the brainstorm—the point is
that brainstormers can see where they do and do not have new ideas in the system.

Figure 4 shows the second value of brainstorming off the system map: designers
can see when they have eliminated a component or skipped a step in the system.
The more steps they skip with an idea, the more radically innovative that idea is.

Fig. 4 WSLC Step 3 continued: brainstorming off a whole system map also shows when an idea
eliminates components or skips steps in the system, encouraging more radical ideation
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Teams can intentionally brainstorm to skip more steps for more radicalism. In this
example, several ideas (salting food, pickling food, etc.) actually eliminate he
refrigerator entirely. (Note the electricity part of the system was removed here to
make the illustration compact.) These ideas may or may not be improvements, but
that will not be judged here, it will be judged in Step 4.

For Step 4, Fig. 5 shows the design team’s favorite few ideas from Step 3 being
evaluated with LCAs to find a “winner” or “winners.” The team chooses the number
of top ideas by balancing convenience (fewer ideas) against thoroughness (more
ideas). A team engineer or external consultant performs these assessments by esti-
mating the reduction or increase in product energy use, materials, change in mate-
rials, etc. for the different design ideas. The estimated bill of materials, transport, and
usage have their impacts calculated the same LCA software as in Step 2, using the
same scoring methodology and functional units. The assessments should provide a
single score for each design idea and the original product, so they can easily com-
pared as in this graph. Figure 5 shows a student team using both single-score and
CO,e measurements; it is simpler to only use single-score, but two measurements
can help show uncertainty. Again, as in Step 2, sustainability measurement systems
other than LCA can be used (e.g., Cradle to Cradle, EPEAT, etc.) as long as they
have clear scores to show at a glance which ideas are the biggest winners.

Design ideas from Step 3 that do not significantly improve the score from the
original product (such as “A”, “C”, and “E” above) should be thrown out in Step 4;
likewise with design ideas that do not meet the business metrics from Step 2. This
leaves only top-performing ideas for both the environment and the business. A faster
but less rigorous alternative to this analysis is to simply measure ideas against Step
2’s metrics. Remember that quantitative analyses of early-stage design ideas are
merely guesses, and there will be large uncertainties. Differences of a few percent, or
even perhaps 20-30 %, may be illusory. Ideally teams should only choose final
design ideas that are very clearly large improvements. If none of the available ideas
show large improvements, Step 3 may need to be repeated for more ideas.
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Fig. 5 WSLC Step 4: choosing between estimated LCAs of the top six design ideas (“A”—F”) by
comparing them to the original product (“Baseline”)
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The WSLC design process can be done once or can be done iteratively, to
address multiple issues or to drill down into specific parts of the product’s system.
A system map can be made once and used for many brainstorms, or many maps can
be made at different scales. The method is intended to be flexible so teams can
shape it to their needs.

4 Anecdotal Trials

The WSLC method has been used in classes at Minneapolis College of Art and
Design, California College of the Arts, Emily Carr University of Art and Design,
UC Berkeley, and elsewhere. In addition, universities such as University of Calgary
in Canada, India Institute of Technology Kharagpur, University of Hongik in
Korea, and many others have used the online video summary of the method in
engineering and design classes. Hundreds of thousands of people from countries all
around the world have viewed the video. The method has been applied to consumer
electronics, clothing, outdoor gear, furniture, and kitchen appliances. In theory it
can be used for any product category. Partner companies for anecdotal trials have
included Motorola, Steelcase, Hamilton Beach, Cascade Designs, Oboz, Panasonic,
Pacific Outdoor Gear, Anthro, Rayne Longboards, and others. Several of these
companies have commented on its usefulness. Panasonic executives said they were
“surprised and delighted how the students’ ideas were not just improvements for
sustainability, but were innovations for the functionality and aesthetics of the
product as well.” A Hamilton Beach executive said “Your process was as valuable
as the actual concepts it produced.”

5 Discussion

There are many green design methods; the most popular ones listed in an informal
survey of practitioners were biomimicry, Cradle to Cradle, LCA, TU Delft’s/
UNEP’s method [12], and “systems thinking.” Comparing these, we find: TU
Delft’s method has tools to help teams prioritize sustainability, ideate, and evaluate
results, much like WSLC. It has more tools related to business processes, but is
more complicated (a nine-step process) and has less rigor in sustainability evalu-
ation (uses team opinion rather than quantitative modeling). Its ideation tool is
standard brainstorming, it does not have unique tools as biomimicry, WSLC, or
systems thinking have. Biomimicry is an excellent ideation tool, and can also
provide inspiration for measurement, but it does not have well-developed tools to
measure sustainability like LCA or Cradle to Cradle, nor to ensure that they are
prioritized in the design process, as WSLC or TU Delft’s do. Cradle to Cradle the
book is just a design philosophy; Cradle to Cradle the certification standard is a
very well-developed tool to measure the sustainability of a product or service, and
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provides specific prescriptive suggestions, but it does not have ideation tools as
biomimicry, WSLC, or systems thinking do. LCA is a measurement tool, useful for
setting priorities and deciding between design options, but it does not provide
ideation tools. “Systems thinking” is often poorly defined, but two concrete
methods are Donella Meadows’s “12 leverage points” [31] and Rocky Mountain
Institute’s Factor Ten Engineering Principles [13]. These are useful for driving
radical ideation and can help set goals, but do not provide concrete metrics like
LCA or Cradle to Cradle. The Whole Systems + Life-Cycle method was an attempt
to join these for the best of both worlds. It also adds visual mapping of the system,
to aid designers and engineers in boundary-setting and ideation.

While the WSLC method does appear promising, it has limitations. It requires
the company to have at least one team member, or a consultant, who is conversant
with a sustainability measurement system (LCA is preferred, but point-based cer-
tification systems such as EPEAT or Cradle to Cradle may also be used). It requires
some training to learn how to create and use the system maps most effectively, and
as with any design method, it does require time and effort to deploy.

The WSLC method always satisfies Lindahl’s recommendations for engineer-
friendly sustainable design tools in points #1, 2, 3, and 7, and can be used in ways
that fit #4, 5, 8, and 9 to a greater or lesser extent; it does not fit #6. Specifically:

1. Its benefits are easy to understand: it should simultaneously improve product
sustainability and innovation by focusing teams on their highest sustainability
priorities, then driving more thorough and radical brainstorming on those
priorities.

2. Its process is easy to understand, a simple four steps describable in five minutes.

3. It is adjustable to different contexts by letting the team choose the depth and
breadth of the system map, choose the complexity of the priorities list, and
choose whether to use LCA or other scoring systems.

4. Its system-mapping has no setup time other than finding a whiteboard or large
paper to draw on. LCA does take significant time to perform, but it can be done
beforehand, or certification checklists take little time to estimate and are part of
the design thinking process, priming team members for issues to consider.

5. It is designed for simultaneous cooperation, but this is not a hard requirement.
System maps can be collaboratively drawn asynchronously, brainstorms can be
asynchronous, and LCA is best done individually and asynchronously.

6. It does require data for the LCA, and for the product’s bill of materials in the
system map. The method could be used without data, but its effectiveness will
likely be reduced.

7. It is a fundamentally visual method, both in the system mapping and the
graphing of LCA results (or other scores).

8. Its LCA portion is IT-based, using specific LCA software; however, its actual
design ideation portions generally use whiteboard or paper. System mapping
and brainstorming can (and often have been) performed using online collabo-
ration software such as Google Docs, but these tools are not specific to it.
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9. It is intended to give a result, not just a direction, but this result can be quite
general. Scoring of final design ideas often shows that one category of ideas
(e.g., product-as-service) performs much better than other categories (e.g.,
substituting a material with a greener material). Engineers and designers can use
this as a direction rather than a fully-specified result.

6 Conclusion

The Whole-Systems and Life-Cycle method has been anecdotally shown to drive both
sustainability and innovation. It clarifies sustainability priorities by using LCA or
other measurements to find the product system’s highest eco-impacts, and encourages
accountability by choosing “winning” ideas based on their estimated improvement of
these measurements. It encourages innovation by making the brainstorming process
both more thorough and more radical through the use of system maps. While its
effectiveness has not been deeply studied, evidence from student teams on industry
projects suggests that it drives environmental improvements as well as creativity in
product features and business. Companies have found the results valuable, and the
method was found to meet between four and eight of Lindahl’s nine recommendations
for engineer-friendly design tools. This innovation may provide another important
economic incentive for companies to practice sustainability, in addition to cost
savings, lowered liability risk, and regulatory compliance.

Future studies should perform field trials of this method versus others, not only
to compare which perform best, but also to find the valuable elements of each
method. There may be other values that companies perceive in the methods, along
with or even above innovation. Engineering and design educators are encouraged to
try the method, as are industry engineering and design teams, to see if their results
match those described here, as well as to suggest improvements. Together we can
turn sustainability from a burden into an innovation tool that provides direct value
to companies whether or not they prioritize sustainability itself.

Acknowledgments Thanks to Adam Menter and Dawn Danby of Autodesk for their support of
the method.
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Green Is the New Colour

for Menstruation. Uger Fabric Pads Show
the Way Through a Sustainable
Perspective

Lakshmi Murthy

Abstract Early woman managed menstruation in many ways. These included
isolating herself when bleeding, using leaves or cloth and other techniques. These
used to be environmentally friendly systems, causing no harm. As societies
evolved, newer ways of managing emerged, giving rise to menstrual products that
are no longer sustainable. Waste now includes menstrual debris, which is an
environmental concern. We examined menstrual products used by women in South
Rajasthan through a sustainable perspective. We developed a new product, the
Uger fabric sanitary napkin to address some of the gaps we found. For assessing
sustainability, we developed a diagrammatic representation for sustainable
menstrual management, the PASS diagram. We assessed all these products through
PASS using qualitative data from studies. We found Uger to be a sustainable
option. The PASS diagram has limitations, but when improved in future, it can
potentially be a local powerful tool for communities to assess menstruation
management sustainability.

Keywords Menstruation - Sustainable - Reusable - Diagram

1 Introduction

Humans, as others in the animal kingdom, hunted, gathered, reproduced and passed
on. The next generation carried on in much the same way. When communities
began to settle, it changed the way life was managed, it was no longer the simple
hunting—gathering sequence, it was replaced by complexities. In the 21st century,
it is no longer easy to be simple. “Complexity is failed simplicity” [1]. In this study
we examine the issue of menstruation, a body expulsion specific to women. We
look at design systems or products that exist for this biological phenomenon. Earlier
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periods were managed in simple ways which aligned with nature causing no
imbalance to the environment. The systems were sustainable. Period management
today has been commoditized, dominated by disposable products. An impact
caused by this are huge volumes of visible menstrual waste. This can no longer be
ignored, clearly, menstruation management has become unsustainable. Can we
re-examine menstruation management products and systems and will such an
assessment assist in moving from an unsustainable to sustainable scenario? The
study tries to find some clues looking at menstruation management from sustainable
perspectives.

2 Background

2.1 Menstruation and Management

The human body expels saliva, sweat, gas and many other products. Menstruation
or periods is one such physiological phenomenon. “A period is the part of the
menstrual cycle when a woman bleeds from her vagina for a few days. In most
women, this happens every 28 days or so” [16]. Early woman managed menstru-
ation using leaves, moss, mud or sand [5]. When clothing evolved, periods were
managed differently. When garments became old or torn, the stronger parts of the
fabric were recovered from it, converting this into absorbent material. The early
nineties saw inventions, the sanitary napkin, the tampon and the menstrual cup [5].
The disposable sanitary napkin revolutionized the way menstruation was managed.
Today there are many varieties of branded napkins to choose from and more and
more women show preference for disposable [10].

2.2 Menstrual Management in the Study Area

Three types of menstrual products are currently used by girls and women in the
study area—Southern Rajasthan, India. The first is cloth recovered from old
garments,' the second the Time Piece’>—TP and the third, the Disposable Sanitary
Napkin®—DSN. Infrastructure and social circumstances govern and influence both
selection of a menstrual product and the way products are managed. Most homes do
not have latrines, jungles and fields are used for defecation and urination. Changing

' Cloth is recycled from old garments petticoats, turbans, veils, towels, bed sheets, saris, loin
cloth.

2 Time Piece, is a rectangular piece of fleece or poly acrylic fibre. The non woven material, is
available in dark shades, the fabric was tested using standards for identification of fiber—ASTM
D276 and identification of dyes as per AATCC 161-2012.

3 DSN—Disposable Sanitary Napkins—branded or locally produced.
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of the menstrual product is done in the nyora or barn where livestock are tied or at
home at a time when men folk are out of the house. Alternatively, men are asked to
wait outside as they change. All this has an impact on health as women are not able
to change as often as they need to. Additionally there are many superstitions; one
strong notion is that men turn blind if they see menstrual blood. Dark coloured
fabrics are thus preferred over light colours so that residual blood stains remain
hidden; this colour selection means the product is never completely washed out.
Subsequently this is hung in a dark corner, away from the sight of men, with no
sunlight reaching it. These practices compromise health. We also found that reus-
able products are losing value, as users see reusable as an old fashioned method.
There is aspiration and migration from homemade products to those available in the
market, is a common trend. A need was thus felt for an alternate product that would
be a healthy option, providing an environmental friendly and sustainable menstrual
management item that would give the user dignity.

2.3 Menstruation Products and Impact on Environment

Used cotton menstrual rags, when buried by users, degrade easily, within six
months. Rags when burned, give off a small amount of ash like residue going back
into earth. Disposable sanitary products available in the early part of this century,
were made from materials that were bio degradable. These were sustainable sys-
tems. Recently all this changed, impact on the environment was realized when used
disposable products started becoming visible. Environmentalists saw that debris
washed up on coast lines were ear buds, diapers, tampons, applicators and sanitary
napkins, made up of non degradable raw materials [17]. The modern non woven
sanitary napkin was an innovation that had clearly ignored long term impact on
environment. The highly absorbent disposable napkin available today, is composed
of non degradable material such as polymers, polyacrylate gel and other plastic
derivatives [19]. This along with other waste has choked landfills [2]. In India,
menstrual waste has started to become a problem, [15, 18].

Designers have ignored sustainability issues, designing instead for planned
obsolescence [11]. There is clearly a need to relook at menstruation management
from a sustainable perspective, from the point view of the product, its management
and its long term impact on environment.

3 Objective of the Study

The study was designed:

e o measure or assess sustainability in existing menstrual management products
e to develop a new menstrual product and assess this for sustainability
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4 Method

4.1 Developing a Diagram for Assessing Sustainable
Menstruation Management Called “PASS”

A sustainability diagram was developed, the “PASS” diagram to assess menstru-
ation management sustainability. Additionally this would assist a user to make
informed choices during menstrual product selection. This is discussed in Sect. 5.

4.2 Designing a Menstrual Product—Uger Pads

A new menstrual product was developed and introduced to users in the study area.
This is discussed in Sect. 6

4.3 Assessing Sustainability of Menstrual Products Using
the “PASS” Diagram

We had earlier studied all menstruation products that are in use and the practices
that govern the use.” These products were then assessed and graded using “PASS”.
The new menstrual product was also assed using PASS. We discuss this in Sect. 7

5 PASS—A Diagram for Assessing Sustainable
Menstruation Management

“Sustainable” is defined in dictionaries as “capable of being continued with mini-
mal long-term effect on the environment” [20]. Sustainable communities mean—
well being of the community from the perspectives of surroundings, wealth, health
and social-cultural contexts [7]. Researchers have represented sustainability through
visuals, for example the Venn diagram model [12, 13], which has three aspects to
sustainability—social, economic and environmental. The four pillar model [21]
includes culture. Culture takes into account community values and community
expressions [6, 8] (Fig. 1).

* Studies were done through 5 home visits, visiting spaces used by women for toilet needs,
conducting 3 group discussions with 68 young women and girls. All girls and women are from
schedule caste families, age group 16-50 years. Additionally we interviewed 3 doctors.
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Environmental

\

/% Sustainability 1 Social 2 Economic 3 Environment 4 Culture

Fig. 1 Sustainability, Venn diagram model, 4 Pillar model. Source Author generated

We saw menstruation management as sustainable if it included 4 aspects—
environmental, economic, social and health. This aligned with the 4 pillar model as
opposed to the Venn model. We defined “Sustainable Menstruation Management”
or SMM as—a method of managing menstruation, by the practice and use of
products and systems that maintain balance between environmental, economiic,
social and health aspects, causing no harm to the user or to the larger community.
The four pillars represented environment, economic, social and health, together
holding up a roof, the roof representing menstruation (Fig. 2).

Ideally when all four pillars attain equal height a fully sustainable menstrual
management situation can be achieved. For different levels of sustainability each
pillar was demarcated into a scale as described in Fig. 3. A product could be
measured using this scale, guided by a simple qualitative analysis based on the
studies conducted.

To make the model relevant to the study area each pillar was translated into
Hindi language and renamed. Environment Pillar—Paryavaran—named P—to

‘Ronf o

e

4 pillars, of
equal height,
Sustainable support the roof
Menstrual =
Management

Environment Social  Health
Economic

Fig. 2 Diagram of SMM model. Source Author Generated
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5 —— Fully Sustainable = = = = = = = = === - = [rernret i

4 —— Partly Sustainable - - - - = = = = - = - - - I - -

3 Neither Sustainable
or Unsustainable

2

Partly Unsustainable - - - - - - - - - - - - - == = - -

1

Fully Unsustainable- - - - = - - - -Forre o BRCFFL o

Fig. 3 Scale of 1 to 5 with description is assigned to each pillar

Fig. 4 PASS Diagram—with
Score 20-100 %
SMM—Source Author
generated

consider LCA,5 WF® and MD.” Economic Pillar—Arthic—named A—to consider
production cost, cost to user. Social Pillar—Samaj—named S to consider infra-
structure, social acceptance, attitude toward a practice or product having direct
bearing on individual user and community. Health Pillar—Swasth—named S to
consider negative or positive health impact caused by the use of the product both on
the user and on the community.

“PASS”—also worked as a pun—*“pass” and “fail” are common terms used in
the area to sanction or reject anything, hence the acronym was appropriate. When
all four pillars reach full height, Pillar P = 5, Pillar A = 5, Pillar S = 5, Pillar S =5,
the score is added. 5 + 5 + 5 + 5 = 20, an ideal score, denoting the product is 100 %
sustainable (Figs. 4 and 5).

5 LCA Life Cycle Assessment assess a product at all stages production, consumption, till disposal.

® WF Water Footprint assesses total amount of fresh water, direct, indirect water use by producer
and consumer.

7 MD Menstrual Debris means residue, remains of menstrual product after use and disposal.
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Fig. 5 PASS Diagram—with

Score 1680 % A
SMM—Source Author e —
generated

6 Designing a Menstrual Product—Uger Pads

Our understanding from Sect. 2 guided the brief for the design of a menstrual
product. Reusable cloth pads appeared to be a solution. We consulted with Eco-
femme at Auroville, Tamil Nadu, the pioneers of cloth pad making in India [4]. We
took inspiration from their product, both the design and the philosophy of reuse—
reusing places lesser burdens on environment. Thus cotton fabric® was selected,
cool to skin, a non irritating raw material, causing no menstrual debris as the
material biodegrades

e The design was made to manage different volumes of discharges,

e Colour of fabric that would be next to the skin was kept white to help user
identify differently coloured abnormal discharges

e [t was styled, to be fixed to underwear, to have a comfortable contour and size

The pads designed were named Uger’ Pads, in two styles, for light flow and heavy
flow. A Self Help Group of the NGO produced these cloth pads (Figs. 6 and 7).

7 Using the PASS Diagram for Assessing Menstrual
Products

7.1 PASS for Cloth

Pillar P—Score 5—LCA and WF—Cloth is harvested from old used cotton gar-
ments, and takes on a new life, no cost for production and processing. MD—there is
no menstrual debris, the fabric, bio-degrades or turns to ash if burned.

8 Interviews with gynecologists—cotton cloth will not potentially cause a health problem.
Problems occur due to poor personal hygiene and improper care of menstrual cloth.

® Uger means “New Beginning” in Mewadi, the language of Sothern Rajasthan.
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Fig. 7 Pads for heavy flow have were designed with towel inserts

Pillar A—Score 5—There is no manufacturing cost, no purchase cost.
Maintenance cost, a cake of soap and 6—8 buckets of water per cycle are insignificant,
as this has been considered a reproductive right [9] to maintain menstrual hygiene.

Pillar S—Score 3—Society’s attitudes to privacy compromises sustainability.
Very few private spaces for women are made. Society sanctions negative practices
such as the use of dark menstrual products, endorsing poor hygiene and
maintenance. Users are seeing home made products as old fashioned.

Pillar S—Score 4—Use of a poorly maintained dark cloth can lead to repro-
ductive infections. Colour of discharge is never identified in time, treatment seeking
is delayed. As there is no menstrual debris from this product, community health is
also maintained.

7.2 PASS for TP

Pillar P—Score 3—LCA—Fabric is a non woven polymer based product, it is not
biodegradable. WF—Water used for production was not calculated but assumed to
be much lower than cotton production'® [3]. MD—At the end of the product’s life
there is menstrual debris, but of a lower volume as compared to DSNs—user will

10 It takes 2,720 litres of water to produce one cotton T-shirt.
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dispose 8—10 TPs per year or 400 TPs in lifetime. This disposed material will
pelletize'' and enter waterways if just discarded. If it is burned, pungent fumes are
toxic.

Pillar A—Score 4—Cost to individual user is low, hence affordable. Mainte-
nance cost is less than half cake of detergent soap, 4 buckets of water per menstrual
cycle.

Pillar S—Score 3—TP has social sanction due to its dark colour, superstition is
managed, it is perceived to be very convenient as it dries very quickly, uses less
water and detergent as compared to cloth or Uger pads.

Pillar S—Score 1—Nature of material in TP is reported to increase vaginal
temperature, leading to discomfort and health problems such as itching, burning,
fungal infection. The porous product traps detergent causing contact dermatitis in
some users.

7.3 PASS for DSN

Pillar P—Score 2—LCA—We found most raw materials in the product to be non
biodegradable—made up of polymers, non woven material and polyacrylate gel.
Cellulose while biodegradable remains trapped in between polymer layers in the
napkin, causing it to be preserved, remaining intact in a landfill. WP—Water used
in production was not calculated but cellulose production and bleaching requires
water. Overall water consumption was understood to much lower than cotton
production. MD—Very high amount of menstrual debris, a user will throw away
approximately 100-120 napkins at the end of each year, 3,000-5,000 napkins in a
life time. There will be no biodegradation, only increase of waste in the landfill.

Pillar A—Score 2—Purchase cost to individual user is high, but no maintenance
cost.

Pillar S—Score 3—Increasing accepted for convenience. Due to high cost, the
napkins are thus worn for very long periods. This is a machine made product [23]
and not labour dependent.'? It generates no local employment and hence fails in an
SLCA Frame work Social Life Cycle Assessment framework [22].

Pillar S—Score 3—Individual users present with itching, ulcers due to allergy to
materials in the product. Often users wear the same napkin for 12 h to save money,
this causes severe itching and other health problems.

"' Materials in Time Piece photodegrade, they break down and enter waterways causing pollution.
12 It takes a machine only 40 s to make one sanitary napkin.
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7.4 PASS for Uger

Pillar P—Score 4—For LCA and WF—Cotton cloth is water intensive, with huge
cultivation and processing cost. Maintenance cost is similar to cloth. MD—sig-
nificantly very less menstrual debris as compared to DSNs. User will throw away 6
Uger pads after 12—14 menstrual cycles and 250 Uger pads in a life time. Uger pads
biodegrade.

Pillar A—Score 4—The cost of each pad is Rs 80 very high as compared to the
cost of a TP or DSN. But life time cost to user is less over all.

Pillar S—Score 3—Ilight colored pads are not easily accepted. However many
users saw Uger as an upward social move from Cloth to TP to Uger.

Table 1 Table showing product sustainability through PASS diagram

Product Image PASS diagram SMM
score
Cloth S54+5+
3+4=17
85 %
Time piece 3+4+
3+1=11
55 %
Disposable 2+2+
sanitary 3+43=10
napkin 50 %
Uger pads 4+4+
3+5=16
64 %
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Pillar S—Score 5—No health problems were reported from using Uger. Dif-
ferent trials have been going on in the field since 18 months. The pad design has
white coloured fabric next to skin, allowing user to easily identify abnormal dis-
charges and seek medical advise early. No debris from this product, community
health is also maintained.

7.5 Summary of PASS Scores

See Table 1.

8 Conclusion

8.1 Limitations of the PASS Diagram

There are many limitations to the PASS diagram. The first drawback is that the
grading has been done qualitatively by the researcher based on experiences and
studies from the field areas. If this same diagram is used by another individual from
a different background, it may be assessed differently, hence SMM scores will not
necessarily be consistent, accuracy stands challenged. The second drawback is—the
PASS diagram has not been tried by users in the field area. This test will determine
user friendliness of the diagram and will understand whether the diagram can
actually be used to make choices as this was one of the intentions.

8.2 Strengths of the PASS Diagram

Giving choices to the user from a sustainable perspective is not a new concept,
Retailers such as Target in the USA [14] have begun to use indexing and scoring
systems designed for users to make choices.

Scoring menstrual products from a sustainability lens is relatively a newer area.
The PASS diagram in its current state provides that first step to assessing sus-
tainability of a product, with scores that can be simply computed. In Table 1 from
the score calculations, we can see that no menstrual management product can truly
be declared as a fully sustainable product.

All products will have drawbacks when seen from different aspects. For example
from an environmental perspective “P”, when the four products are assessed, cloth
from old garments appears to be the most sustainable. It puts the least environ-
mental negative load when compared to DSN which has the highest load. TP on the
other hand puts some environmental load but is still significantly less when
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compared to DSN. Because Uger is made from BT cotton fabric,"® cultivation is
highly water intensive putting the product lower on the environment score. Similar
analysis can be done through different pillars of the PASS diagram.

8.3 Strengths of Uger Pads Based on PASS Diagram

As economics in a family improve the move toward store bought menstrual
products is a reality. Cost to environment and user health will be an important
consideration. Uger pads is an option that is taking the middle path, it is trendy and
has taken into account health and environment factors. Additionally Uger pads
provides livelihood, pads are handmade generating employment within the com-
munity. Some factors will go against Uger, cost, resistance to using white and
inconvenience of maintaining. Creating awareness and advocacy around sustain-
ability can catalyse behaviour change and influence product selection. Users can be
made aware that long term investments are required in a menstrual management
product, sustainable from all four aspects, environmental, economic, social and
health. Design thus has a huge role to play in keeping environment safe and in the
current scenario sustainability has to be kept central to creating and manufacturing.
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Sustainable Machining Approach

by Integrating the Environmental
Assessment Within the CAD/CAM/CNC
Chain

Hery Andriankaja, Julien Le Duigou and Benoit Eynard

Abstract This paper reports on a sustainable machining approach based on
dynamic environmental assessment integration through the CAD/CAM/CNC chain.
To achieve this objective, the framework for supporting the environmental
assessment features key environmental indicators and simplified LCA database.
Key environmental indicators are composed of ‘environmental metrics’ and
‘environmental impacts’. To implement the environmental assessment, cutting data
are first extracted from STEP-NC file, a standard extending STEP to machining
process data. Then, through the environmental metrics evaluation, the metrics
quantities (Input/output flows of the machining process) are translated into envi-
ronmental impacts by the help of the simplified LCA database. The obtained
environmental profile is used by the CAD/CAM entity as a decision-aid, providing
a better understanding of the environmental impacts of their machining
technologies.

Keywords Sustainable machining - STEP-NC - Environmental metrics - Life
cycle assessment - Environmental impacts

1 Introduction

Regulations [1, 2] and high energy prices have been identified as potential sources of
motivation on energy consumption and emissions reduction within manufacturing
firms. Industries are confronted with the challenge of designing both sustainable
products and manufacturing processes. However, the sustainable manufacturing
actions have been systematically conducted up to now with a focus on reducing both
the production lead time and the costs, all which in turn may lead to a reduction in
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energy consumption. In addition, environmental assessments are carried out beyond
the product design (CAD) and manufacturing processes design (CAM). Thus, they
are not yet integrated into the design of manufacturing processes, and this post-
design environmental consideration even lead to solutions which are increased in
production costs [3]. Integrating environmental aspects earlier in the design of the
production system is a promising approach to set up a new model of sustainable
manufacturing.

In this paper, we report to an on-going research work which stands for inte-
grating environmental assessment within the CAD/CAM/CNC chain based on the
STEP-NC standard. The STEP-NC (STEP-compliant Numerical Control) file is a
new ISO standard (ISO 14649) to create machining programs that can be shared
between many entities, thus allows integrating CAD requirement data with CAM
process data. In Sect. 2, a literature review is provided and the Sect. 3 stands for a
new proposition to integrate the environmental assessment within the CAD/CAM/
CNC chain. The paper concludes with a discussion about the findings and future
works to develop and validate a prototype tool for supporting the sustainable
machining approach.

2 Research Background

Over the past four decades, the environmental burdens due to industrial activities
became a global problem increasingly important and are currently a great societal
challenge [4, 5]. The concept of sustainable manufacturing was appeared and was
declined in various Anglo-Saxon labels (for instance environmentally conscious
manufacturing, green manufacturing ...). This section is devoted to the summary of
relevant methods for sustainable manufacturing, in order to identify their concept
and the nature of environmental indicators they use.

The simulation of a production system is initially based on the Discrete Event
Simulation approach [6-8]. However, DES-based software tools available in com-
merce such as Plant Simulation, Witness, AnyLogic Enterprise Dynamics...only
offer a very limited functionality to support an environmental analysis.
Consequently, many researches have emerged in the development of specific
approaches from these software tools.

Thiede et al. [9] have classified these approaches into three paradigms (Fig. 1)
according to the implementation of the environmental assessment.

In Paradigm A, the DES module is used to simulate production systems and
typical variables such as the state of the machine or the manufacturing duration. The
outputs would be treated in an external evaluation tool where data are converted
into environmental aspects (for instance energy consumption). Paradigm B
regroups approaches structured with a dynamic coupling of the DES with an
assessment tool. This allows a more detailed analysis of environmental character-
istics in considering existing interdependencies between different sub-systems or



Sustainable Machining Approach ... 229

Paradigms for simulating energy flows in manufacturing systems
!
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Fig. 1 The three paradigms for coupling environmental assessment with DES [9]

processes. In Paradigm C, the environmental concerns are implemented within a
single DES application.

By analogy to the simulation of the production systems, the simulation of
machining parameters at the CAD/CAM level seems an interesting place to inte-
grate environmental impacts assessment of the machining operations. To address
this issue, the proposed approaches aimed at optimizing environmental factors such
as the duration of an operation, the quantity of removed chips, the use of cutting
fluids, and energy consumption [10-12].

For measuring the energy impact of using a NC machine, Kong et al. [13]
developed a model based on the cutting path planning via the NC code to estimate
the energy consumption and greenhouse gases emissions resulting from the
machining process behavior. NC code controls the motion of NC machine and the
machining parameters, including the list of cutting tools, the specification of the
machine and the geographic information on the power grid mix (electric energy).
The entries are then processed to estimate the time required to run the NC code and
GHG emissions resulting from the operation on the machine tool during the exe-
cution of NC code. The outputs of this model characterize the performance, versus
the emission of greenhouse gases from the considered operation (Fig. 2).

Recently, Zhao et al. [14] used the information models of design and manu-
facturing processes, including the STEP-NC standard. According to Zhao et al.,
STEP-NC is the most appropriate structure and must be enriched with data on the
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* Productivity [Tocl-paths) _
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Manufact- = a: QP ime — | | Enery
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Fig. 2 Tool path planning simulation incorporating the sustainability concern [13]
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Fig. 3 STEP and STEP-NC information models for integrating environmental aspects [14]

environmental aspects of products and processes, as shown in Fig. 3. With the
proposed model, Zhao et al. aim at integrating information related to LCA into the
parameters of the design and the product development process planning. According
to the interactivity of the CAD/CAM/CNC chain thanks to STEP-NC, the
environmental knowledge and data accumulated during the manufacturing of
the products or other life cycle stages (for instance end of life) can be returned to the
design stage in terms of experience feedback to improve the environmental
performance of new products.

In terms of integration, the methods presented above can be grouped into two
main categories: (1) approach by coupling environmental tools with the software
tools for simulation of the production system, and (2) approach by integrating
environmental evaluation through the CNC chain. The first approach encompasses
the entire production system and seems easy to achieve regarding the market
availability of the DES-based software tools. However, the question arises on the
appropriation of the environmental tools embedded in DES by the CAD/CAM
engineers. Moreover, one wonders if the management of the entire production
system simulation does not devote extensive material, human and financial resources
due to the extent of the scope to be taken into account. Indeed, the production system
in a holistic vision [9] includes not only flows contributing to environmental impacts
and costs of the production, but also flows interacting with the infrastructure which
provide the power supply, computers and peripherals and all other conditions
necessary for the production. On the other hand, the evaluation of environmental
impacts through the NC simulation seems more accessible by the CAD/CAM
engineers. However, this approach is focused solely on the machining system. Then,
the risk of pollution transfer must be monitored. However, conducting environ-
mental assessment still remains a challenge for industrials although universal tools
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exist. The main problems are: (1) to collect data from products/processes and to
appropriate environmental tools; (2) to ensure the representativeness of the model in
spite of the intangibility of the environmental assessment through certain machining
parameters (for instance, the variation of global warming potential impact when the
depth of cut varies). These two barriers hinder to set up a pertinent approach for
reflecting the progression/regression induced by a machining system in terms of
environmental impacts. The question we will answer in this article is then: how to
develop and integrate the environmental assessment within the CAD/CAM/CNC
chain?

3 Research Proposal

3.1 CAD/CAM/CNC Chain Integrating Environmental
Assessment

STEP and STEP-NC have been developed by the ISO committee as a basis for the
product design, the machining standard, and the integration of different machining
and control parameters. STEP-NC is a new standard for exchanging data between
CAD/CAM system and NC machine. It is conceived to replace the traditional G-
codes programming (ISO 6983) to allow intelligent control of NC machines and
increased industrial productivity. STEP-NC file provides the CAD/CAM/CNC
chain a detailed and structured interface for integrating machining data. Machining
data are mainly composed of various information such as the forms (features) to
machine, the type of tools to use, the type of operations to be performed (working
steps), the process plan (work plan). By providing this level of information to the
machining system, STEP-NC allows an unified environment for information
exchanges between the product design and the machining processes planning or
control. It thus promotes the establishment of a bidirectional information flow sent
throughout the CAD/CAM/CNC chain.

Machining characteristics are the essential inputs for performing the environ-
mental assessment within the CAD/CAM/CNC chain. The new proposal consists
on enabling a dynamic environmental evaluation of the machining system. The
input data are progressively filled by the users (mainly CAM engineers) at the
rhythm of the data availability in STEP-NC. The assessment tool (eco-assessment)
provides the environmental profile of the evaluated machining technique. The
acquired knowledge from the environmental assessment results must be capitalized
in MPM and will be translated into guidelines for further enhancing actions to
reduce the environmental impacts of next machining techniques to implement. The
overall scheme of the new proposal is shown in the Fig. 4.
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Fig. 4 CAD/CAM/CNC-chain integrating environmental assessment

3.2 Key Environmental Indicators

Defining key indicators to assess the environmental profile of a production system
is a delicate exercise. Various indicators are available to assess the environmental
performance of products. Seiffert [15] clearly distinguished ‘environmental aspects’
with ‘environmental impacts’ and illustrated the correlation between the two. For
example, energy consumption (an environmental aspect) contributes to the deple-
tion of natural resources (an environmental impact). On the other hand, Tam [16]
distinguishes environmental indicators according to their industrial usefulness. The
first category concerns the indicators used in environmental reports, such as Global
Warming Potential (GWP), total primary energy, eutrophication, etc. The second
category includes the indicators used in the context of environmental strategies such
as energy use reduction, etc. The third category encompasses functional indicators
that cannot be measured per unit of product, but rather by the function that this
product meets such as the amount of electrical energy consumed per X hours for Y
machining operation, etc. The first category of indicators addresses more global
aspects and cannot report on specific requirements such as the legislation targets.
These indicators are obtained from the realization of life cycle assessment (LCA).
In the following sections, these will be identified as ‘environmental impacts’. The
second and third categories seem closer to the current practice, or in any case, can
report on specific aspects of interest to the manufacturing industries. In the fol-
lowing sections, these will be called ‘environmental metrics’. The selected indi-
cators for supporting the new proposal are summarized in the Table 1.
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Sustainability assessment of a machining system is based on a comprehensive
evaluation of the inputs and outputs of the process. Machining process interacts
with the environment through energy consumption, material and other consumables
flows. LCA has emerged as the most objective tool for evaluating the environ-
mental impacts of a product or a process. Environmental assessment with LCA
consists on translating input/output flows of a process into impacts indicators. To
integrate LCA within the eco-assessment tool, a simplification of its comprehensive
feature is needed.' (EFs) are extracted from an LCA software package by modeling
and evaluating a reference unit of a process i. Then, following an allocation rule, an
impact E for the process i is linearly correlated to the corresponding environmental
impact factor EFF (see Table 1).

3.3 Implementation

The cutting data are first collected from STEP-NC to complete the environmental
metrics. Additional data from the ERP system are needed for evaluating the scraps
rate metric. The second step deals with the environmental impacts evaluation
through the completed environmental metrics, thanks to the simplified LCA data-
base. The environmental profile of the machining system is then provided to the
CAD/CAM entity that generates ideas for improvement if the environmental
impacts are found critical. The undertaken improvement actions consequently
induce changes in the CAM outputs for the STEP-NC. Meanwhile, the metrics and
impacts evaluation results are capitalized in the MPM system to consolidate an
environmental knowledge-base. Further, guidelines for sustainable machining can
be established based on the collected environmental knowledge for enhancing
continuous improvement actions (Fig. 5).

Moreover, this new proposal foresees two levels of actions for achieving
dynamic environmental assessment. The first level of actions consists on trial-and-
error actions for evaluation/improvement of the environmental profile. It corre-
sponds to the first implementation (introduction stage) of the environmental
assessment within the CAD/CAM/CNC chain. The second level of actions consists
on a decision-making to select a more environment-friendly machining technique.
This kind of action can only be achieved when a sufficient background from
anterior machining simulations are available in the MPM system. This level cor-
responds then to the routine implementation (maturity stage) of the environmental
assessment.

! Simplification of the comprehensive feature of LCA for its integration in design and develop-
ment of product/process is a relevant research area in ecodesign.
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Fig. 5 Data flow diagram showing the implementation of the environmental assessment

4 Conclusion

Machining is one of the important material removal processes in manufacturing.
Therefore, a study of the environmental impact of a machining system contributes
greatly to sustainable manufacturing. The research described in this paper stands for
a new approach which will provide a dynamic environmental assessment through
the virtual environment of machining operations. The framework for supporting
environmental assessment within the CAD/CAM/CNC chain has been developed.
This framework mainly features key environmental indicators and their evaluation
methods supported by the eco-assessment tool. To implement the environmental
assessment, cutting data are first extracted from STEP-NC file. Then, through the
environmental metrics evaluation, the metrics quantities (Input/output flows of the
machining process) are translated into environmental impacts by the help of the
simplified LCA database. The obtained environmental profile can be analyzed to
aid decision-makers in CAD/CAM entity by providing a better understanding of the
environmental impact of their machining technology. A prototype of the eco-
assessment tool is under development. Then, it must be validated by the industrial
partners prior its integration within the software system ANGEL.”> STEP-NC file is

2 ANGEL (Atelier Numérique coGnitif intEropérable et agiLe).
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a new standard which is still in development. Then, the future of this study depends
on the maturity of STEP-NC and its effective implementation in manufacturing
firms. Nonetheless, it is hoped that the research reported in this paper can help the
manufacturing firms have a better understanding of the environmental issues
affecting the machining system.
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