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Erilaiset kiertosyklit — erilainen tuote

* Edelle kuvatussa CSL-kartassa tuli jo esiin havainto,
etta tuotteen rakenteen optimaalisuus
arvontuottomekanismeille ja elinkaarimallille on
tarkeaa

e Seuraavassa kaymme lapi yhden tutkimuksen
mielenkiintoiset havainnot tasta aiheesta
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Background

* Post Mass Production Paradigm

— To Decouple Economic Growth from Material and Energy
Consumption

— Decreasing Production Volume to a Manageable Size while
Maintaining Quality of Life

* Inverse Manufacturing

— Closing the Product Life Cycle Loop
— Dematerialization

+ Soft Artifacts

— Longer Life

— Upgradeability/Downgradeability

 Modular Architecture 28
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Closed Life Cycle and Life Pipe

* Product Life Cycle * Product Life Pipe
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Product Life Cycle Design by
Life Cycle Simulation

* Proposal of Design of Product Life Cycle

* Modular Artifacts for PMPP

— Longer Life
— Upgradeability/Downgradeability

+ Life Cycle Simulation System
— Life Cycle Simulation based on Discrete Event Simulation

— Optimization of Life Cycle Parameters with Genetic
Algorithm

— Optimization of Modular Architecture

+ Case Study of Refrigerator .
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Ideal Product Life Cycle Model
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Model of Product

* Product
— Consists of Modules

— Possible to Repair it by Replacing Modules
* Module

— Consists of Components

— Possible to Rebuild a Module by Replacing Components
at Factory

« Component
— Cannot be Disassembled nor Repaired

— |If a Component is Broken, it is Recycled or Just Thrown

Away 3
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Procedure for Life Cycle Design

Real Product

|

I Definition of Product Architecture

Build a Life Cycle Model for Simulation

[ Life Cycle Simulation w ﬁ,o-_f

Optimization by Genetic Algorithms | ““r]}b)
i whif
N

[ Life Cycle Evaluation:
E

conomically, Environmentally )
l Design of Modular Product

Optimized:
Module Configuration
Life Cycle Parameters
Component Selection
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Case Study: Refrigerator
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Life Cycle Optimization
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* Optimization of
— Solid Waste

— Energy Consumption

Profit Evaluation
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Evaluation of Revenue

« By Searching Optimal

— Life Cycle Parameters

— Life Cycle Strategy

Revenue Evaluation
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— Module Configuration
(Product Architecture)

+ With Genetic Algorithm
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Comparison Between Different
Life Cycle Strategies

* Traditional Type * Maintenance Type

— Life Cycle Pipe — Recycling + Modular

— Even No Recycling Maintenance

* Inverse Type

— Recycling + Reuse +
Maintenance

 Recycling Type

— Material or Thermal Recycling
of Disassembled (Recyclable)
Components

— Any Other Things Go to Landfill

* Reuse Type

— Recycling + Reuse of

Components
39
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Optimized Module Configuration
(Recycle + Reuse)

* Blgger Vodules are

Preferred

* Disassembly and
Assembly Cost can be

Saved

Door1 Door2Door3 Do or4
V2
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Optimized Module Configuration
(Recycle + Maintenance)

* Smaller Modules are

Preferred \
A\

* Unnecessary TN
Replacements of Usable A%
Components can be ) \x\‘
Avoided Eg,‘*

+ Modularization based on Evapa
similarity of Lifetimes of Mo — =\

Components =
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Optimized Module Configuration
(Recycle + Maintenance)

« Between reuse type and
the maintenance type

Door2Door3
DoY(Plas)
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Optimized Results
(Environmental Impacts)

Collection Rate : 90%
Recycle Rate : 40% Inverse Type _

Maintenance

Life Time of Product : 6year Type

Maintenance Preference: 0.66

Reuse Type

Recycling Type

Traditional Type
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Optimized Results (Economic
Factors)

Inverse Type S —
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B Sales=Product Sales + Maintenance Sales
[] Profits=Sales-Total Cost
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Yhteenveto

* Optimaaliset rakenteet eri sykleille olivat hyvin erilaisia

* Tassa tapauksessa kiertotalous tarjoaa merkittavan
mahdollisuuden seka vahentaa ymparistojalanjalkea ja
samalla lisata liiketoiminnan tuottopotentiaalia

Automaatio- ja konetekniikka

Timo Lehtonen, Tero Juuti, Jarkko Pakkanen 9



