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Today’s References

e Professor, Hart

- http://www.ce.utexas.edu/prof/hart/333T/documents/Sustaina
bleEngineering.pdf

Industrial Engineering @ Kumoh National Institute of Technology

e Wikipedia, and so on




Sustainable Engineering

e Traditional Engineering Vs. sustainable Engineering

e In “Traditional / Conventional” Engineering

Human exposed to toxics in food, air, water and soil

Risilr_lg demand for energy for transport, manufacturing, heating &
cooling

Depletion of non-renewable resources (Petroleum, metals, phosphorus)
Excessive demand for water for homes, agriculture and industry

Rising. demand for. land for housing, food production and economical
activities (Production, retail, transportation)

Ecosystem damage and habitat loss due to pollutant discharger
Impact on global climate

Industrial Engineering @ Kumoh National Institute of Technology
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Conventional Engineering

1.
2.
3.

Low

High

>

Energy Conservation
Recycling
Reusing

Emission of Toxicity

Emission of carbon

Pollution

Usage of non-renewable energy
Ecosystem damage and habitat loss
Impact on global climate
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Sustainable Engineering

Low High

>

Emission of Toxicity 1. Energy Conservation
Emission of carbon 2. Recycling

Pollution 3. Reusing

Usage of non-renewable energy

Ecosystem damage and habitat loss

Impact on global climate




>~
Qo
e
o
e
<
)
|_
G
o
(<D}
44—
=)
=
ey
(92)
=
“©
=
O
+—
(4°]
=
<
o
=
>
"
Qo
[
=
(D]
(<D}
=
oT0]
[
L
“©
—
sy
w
>
)
=

Sustainable Engineering

e Another viewpoint

Conventional Engineering
Consider “Object”

Sustainable Engineering
Consider “System”

Focuses on technical issues

Integrated technical issues
& non-technical issues

Solve the immediate problem
(Now)

Solve problem
for the indefinite future

Considers the local context
(User)

Consider the global context
(Planet)

Assumes others will deal with
politics, ethics & societal issues

Acknowledges the needs for
engineers to interacts with experts
in other disciplines
related to the problem




Sustainable Engineering

e Stage of sustainable solution

MOVING TOWARD
SUSTAINABLE
SOLUTIONS
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POLLUTION PROCESS INDUSTRIAL  SUSTAINABLE

FACILITY COMMUNITIES/
CONTROL INTEGRATION PLANNING ECOLOGY CITIES/REGIONS




Sustainable Engineering

e Control

Technology Development Scenarios

Avoidance (

|
:
. 1
M
i

Remediation
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Sustainable Engineering

e Definition
— There is no fixed definition

The 12 principles of Green Engineering
[Anastas & Zimmerman, Environmental Science & Technology, 2003]

The process of using energy and resources at a rate that does not
compromise the natural environment or the ability of future
generations to meet their own needs

[Wikipedia]
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What’s your definition?




he 12 principles of Green Engineering

e Anastas & Zimmerman

. Apply green chemistry
. Prevent rather than treat consequences
. Design for separation
. Maximize mass, energy, space and time efficiency
. “out-pulled” rather than “input-pushed”
. View complexity as an investment rather than a complication
. Durability than obsolescence
. Meet need without excess
. Minimize material diversity
10. Integrate local material and energy flows
11. design for commercial “after-life”
12. Renewable and readily available

H
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Example : Tire design

WORLD WISE:

It will take 1,500,000 rubber tires on 385,000
construction vehicles fo meet Dubail’s bullding demands
next year, When even rubber becomes a growth
story, imagine what else is possible. To find the smart
investments today, you need to be world wise.

A i
o HaIS =B o)

MorganStaniey
mﬁmmnﬂueowmwMMyl%.nmm.vS‘PC.&OS

Wall Street Journal, 10 September 2008, page A1

Conventional Engineering :
“Functionality”
-“Resists sand abrasion and heat”

Sustainable Engineering :

“Functionality” + “Sustainability”

-“where will all the rubber for tire?”

- “where will tires go at the end of usage?”




Topics In Sustainable Engineering

o |JSE

Engineering design for sustainable development

Sustainable technology innovation

Life-cycle engineering

Energy conservation and low-carbon manufacturing

Sustainable power engineering and renewable energy technology
Waste minimization, remanufacturing, reuse and recycling technology
Sustainable material development

Sustainable packaging solution

Sustainable process engineering

Sustainable supply chain management

Sustainable transport engineering
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Tools for S.E.

e Some tools

Design for Environment (DfE)
Life-cycle Assessment (LCA)
Eco-industrial parks (EIPSs)
Pollution Prevention (P2)

Industrial Engineering techniques - ?

Industrial Engineering @ Kumoh National Institute of Technology
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DfE

e Design for Environment

Tea kettle designed for disassembly

by Polymer Solutions, Inc., for Great
British Kettles Ltd.

(From Graedel & Allenby, Industrial

Ecology, 1995, page 270)

Consideration :

Less material

Less material variety
Recycled materials
Recyclable materials
Ease of disassembly

Less energy consumption
Longevity

modularity

ONo Ok WD




LCA (1)

e Life-Cycle Assessment (3Steps approach)

- Step 1. Define System / product boundaries
e Determine product life, functional unit, system boundaries

- Step 2. Make BOM
e BOM

- Step 3. Calculate estimate impacts

e Calculate and compare impacts of the product’s components

Industrial Engineering @ Kumoh National Institute of Technology




LCA (2)

e Button Vs. Zipper

!

Industrial Engineering @ Kumoh National Institute of Technology




LCA (3)

e Button

- Polycarbonate buttons used in a jacket (= 12 buttons)
- Worn 150 hrs / yr
- 6 years life

e Step 1: System Boundaries

- Life time = 150 hrs/yr * 6 yr = 900 hrs
- Functional unit = impacts / 100 hrs worn
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LCA (4)

o Step 2: BOM
- 12 plastic button

Button

polycarbonate

Package paper

Button

polycarbonate




LCA (5)

o Step 2: BOM
- 12 plastic button

Button

Injection Sewing
mold machine

polycarbonate Package paper Truck Disposal
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Material Manufacturing Transportation  Disposal
Process




LCA (6)

o Step 2: BOM Stton

Injection Sewing

mold machine Truck Disposal

polycarbonate Package paper

Weight Weight Weight Electricity Weight- Distance  Weight

0.05Ib 0.025Ib 0.05lb 0.042 kw-hr  0.056 ton-mi N/A

Industrial Engineering @ Kumoh National Institute of Technology

120V * 5Amp / 1000 w/kw * 5 min / 60 min / hr
0.075Ib * 1500 mi / 2000 Ibs/ton
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LCA (7)

¢ Calculate button impacts

Factor = Impact
millipoinis"unif millipoimnts
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Button impacts x Functional time = 11.99 x 100 hr = 1.33
Lifetime 900 hr

= 1.33 millipoints
100 hours worn
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Step 1: Lifetime, functional unit, system
boundary

a Eunctional Unit: 190 hr/yr x 4 yrs = 760
Is

= Functional unit: impacts/100 hrs worn

= System boundary: excludes jacket, thread,
washing

Step 2: Bill of materials

= Materials:

zinc (0.025 Ib), copper (0.043 Ib), cotton
tape (0.044 Ibf, package paper (0.039 Ib)

Manufacturing: metal machining (0.068 Ib)

Electricity: sewing (120 Vx5 A = 1000
W/KW x 0.05 hr = 0.03 kW-hr)

Transport: truck (0.151 Ib x 1500 mi =+
2,000 Ib/ton = 0.113 ton-mi)

Disposal: landfill
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Factor =
millipoints/unit

0.025 bb. 81 /b
0.043 b 160 /b.
0.044 Ib. 140 /bb.
0.039 b. 27 /b.
0.151 Ib.
0.068 Ib. 1.2 /b.
0.030 kW-Hr 20 /kW-Hr
0.113 ton-mi. 9.7 ton-m.

0.025 bb. 0.25 /Ib. (est)
0.043 Ib. 0.25 /lb. (est)
0.044 Ib. 0 /1b. (est)
0.039 Ib. 5.3 fib.

Total Impacts/Life
100 hrs  lifetime (hrs! 760

impact
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Example of the LCA process

BUTTQNC: 2IPPER

wummm&iﬁmh “‘m“‘“ -

Lifetiome Byttors ey » Uy ' Lhetime Zipges
F v tarna il v Fron tronal wnt
Srtem boundary v . ! " Sritem taundary

)"."l .l' l v .'.'l =

PLASTIC BUTTONS BRASS® 2IPPER
Materialy et Aty A Nateran

Manifactaiing

Dwatraity

Tramgont y

Oragwral Dvagrial

e e e e §

mn > Calculate estimated impacts

] AUt BEALADD FACTIR » IMPACTS

~ ¥ |

Favwr

oy madkt

g

L] J R : e h

Mo\l INC i i 4 [
o T

hoesllIE pagus ¥ g

TOTAL IMPACTS/LIFE BUTTONS: 11.5%4
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Another example (1)

e Which iIs better?

7 Metal Utensils
s e
%’,./L
f;?,—s*"

Plastic Utensils

Industrial Engineering @ Kumoh National Institute of Technology

[ X // Biodegradable Utensils
by




Another example (2)

e SpOO0ON case

* Metal: 0.25 millipoints/use
* Plastic: ~0.94 millipoints/use
* Biodegradable: 0.86 millipoints/use

Metal WINS!!

Industrial Engineering @ Kumoh National Institute of Technology




LCA (10)

e Conclusion

e Problem

— Criteria=2> 1
— If multi-criteria exist

e Environmental impact
e Functionality
e Design
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Industrial Engineering @ Kumoh National Institute of Technology

Next Week

e \What we discussed

- Sustainable engineering
- DfE/LCA

e What we will discuss

- Multi-criteria Decision making for MSE
- Modeling & Simulation
- Semi-conductor Manufacturing Systems



