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Introduction

1 Sustainability of products and services should be
evaluated from both of environmental and economic
viewpoints
B Reduction of environmental load and cost throughoutwhole

productlife cycle is indispensable

B Business should make profit to sustain itself by providing
its customers with more utility value

1 Methods and tools for sustainability assessment
B For environmental aspect
1 Life Cycle Assessment (LCA)
1 Eco- efficiency assessment (MIPS, Factor X etc.)
B For economic aspect
1 Life Cycle Costing (LCC)
1 Industrial Engineering (IE)
{ Value Engineering (VE)

1 Marketing tools: Multi Attribute Utility Theory (MAUT) and
—_Conjoint Analysis method
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Introduction (cont.)

} However, it Is not sufficient to use each individual
tool alone for adequate design of products and their

life cycles.

B LCAresult can suggestimprovement target in life cycle
processes from the environment a
say anything from the economic viewpoint in general.

B The improvementtargets and potential benefit suggested
by LCA should be consideredtogether with the those from
economic aspect.

1 Sometime it may cause conflicts in decision making among
different divisions with different interests (environmental load,
production cost, customer value etc.)

} To overcome the limitation of each individual method,
adequate and integrated utilization of differenttools
focusing on the different purposes is quite important.
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Objective

} Propose an integratedeco - designframework
of products and processes aiming to support
decision making and communication among
multiple divisions in manufacturing firms to
Improve sustainability of their products.

BEspecially, focus on the integration of three
different methods calculating  environmental load,
cost, and customer utility value throughout whole
productlife cycle
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Approach

1 Requirements for integrated eco - design framework

B Simultaneous thinking of environmental and economic factors throughout
whole product life cycle.

B Representation and consideration of interdependency
1 Conflicts and trade - off among different divisions

1 Some decision in product design might cause significant increase (or decrease) in the
cost and environmental load at production and usage stage.

B Communicability and understandability
1 Different divisions use different tools, performance measures and terminology
i Standardized and easily understandable measures are required

1 Approach ‘

B Introduction of a single performance measure (TPI: Total Performance
Indicator) that evaluates environmental and economic performance
simultaneously

B Life Cycle Assessment (LCA), Life Cycle Costing (LCC), and Multi Attribute
Utility Theory (MAUT) are employed to calculated environmental load, cost,
and customer utility value throughout product life cycle, respectively.

B Quality Function Deployment (QFD)  method is employed to represent
interdependency of multiple decision variables in product design, process
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Approach (cont.)
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Basic concept of TPI

S
} Total Performance Indicator (TPI) ~ JLCE-LCC
B Utility Value (UV)

1 Weighted sum of the performance of functional requirements (FRS)
1 Defined as time integral throughout lifetime

B Life Cycle Environmental Load (LCE)
B Life Cycle Cost (LCC)

} TPl of each FR, component, and process
B Calculated for finding out improvement targets

FRswith high TPand components (prod. processes) with low
TPI shouldbe focused on.
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Design flow and integration of multiple tools
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Case study: vacuum cup

} Price: 10 [eurQ]
1 Capacity: 0.4 [1]
1 Weigh: 250 [g]

 Lifetime: 5 years (3650 washes)
B UVis calculated as 10*60 [Euro*months]

B Keep adequate temperature of inside material
Uservalue (UV) [euro*months]
H Easy to handle
@ Easy to drink
m Easy to wash
W Easy to store

M Leak proof

Good aesthetic quality
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Representation of interdependency

1 Strength of causality
B 9: Strong relation
B 3: Intermediate relation
B 1: Weak relation
B0O: No relation
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LCCO2 and LCC calculation results

} Total: 2.99 kgCO2 } Total: 9.82 euro
; Dominated by use } Dominated by use
stage stage
LCE [kgCO2 LCC[Euro]

m Production
m Distribution

B Production
@ Distribution

m Use m Use
m Collection B Collection
m EOL W EOL
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Design guideline suggested by
LCA and LCC

A In this case, LCCOZ2 structure is similar to LCC
structure
I No conflicts

A Reduction in water and dish liquid usage in
use phase Is important

A No further suggestion about how to achieve
this.

A If we can say which design parameters affect
on the consumption volume of dish liquid
and water, we can redesign a target product.
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A Suggested design guideline

I mprovement i n
adequate temperature of
i nside materi al ¢
to improve product value with
slight increase in LCCO2 and
cost.
A Thermal insulation quality and

its related components (cap

and bottom) should be focused
on

A Doubling the performance of
FRO lead to 30% improvement
in TPI
I Redesign of oout
oOi nner vessel 60 i
reduce env. load and cost in
product use stage.
A They have large surface which
should be cleaned
A 50% cutting in water and dish

liquid consumption lead 53%
improvement in TPI
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