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@ Background(1)

-Sustainable Development: Earth Summit in Rio (1992)

- Prevention is better than cure

- Polluter paysprinciple

- Green purchasing network

- Design for Environment

- Extended Producer Responsibility
- Ecolabeling, Typel, I, 111

‘_7
Need for

Environmentally friendly products & processes
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@ Background(2)

- Existing Studies
focus on environmental aspects of the

manufacturing stage only

- Overlook
e product system
e entirelife cycle stages

e Capital and O & M costs
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@ Background(3)

Development of environmentally friendly
products & processes requires

- evaluation of environmental aspects : LCA
- evaluation of economical aspects:

Total Cost Analysis

_ (TCA)

Selection of an alternative that minimizes both
cost and environmental impact
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® Background(4)

- Characteristics of selected evaluation criteria

Pass-fail

L ess (or more)

IS better
Esr;v;(r:tznmental O
Economical aspects O
Product performance O
Regulatory compliance O
Technical feasibility O
Financial feasibility O
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® Background(b)

- Feasibility test for “ pass-fail” criteria

Regulatory | Referring to therelated clauses of
compliance | gpplicable laws

Technical Communicating between technical experts
feasibility

Financial

T Cash flow analysis
feasibility
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@ Background(6)

- Quantitative assessment
for “less (or more) is better” criteria

Environmental L CA

aspects

Economical TCA

aspects

Product beyond the scope
performance of this study
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@ Background(7)

- Need for decision-making tool (Ecoscore) for

“less (or more) Is better” criteria

- Normalization by thereference product

- Weighting between environmental and

economical aspects
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@ Objectives

- | dentification of PP alter natives
of a product system(product)

based on LCA and TCA

- Evaluation of PP alter natives based

on Ecoscore
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@ Methodology(1)

Refer ence product

- Perform LCA ~ Perform TCA

Env. impact Total cost

K ey issueidentification

Selection of Alternatives I
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@ Methodology(2)

Alter native Product I

~ Perform LCA | ~ Perform TCA 1]

Env. impact I Total cost I Sj
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® Methodology(3)

S.
Ecoscorg =3 — v

- R

Where,

S; : " aspect value of the it" alternative product
(j = env.impact, total cogt, ...)

SR, : jthaspect value of the reference product

. ST  th
W, . weighting factor of the| asp%:t AIOU UNIVERSITY




2 Methodology(4)

 Annualized Cash Flow (ACF)

Considering both interest rate and inflation rate

.= (1+i)(1+f)-1 | © Interest rate
=ji+f+i  f f: inflation rate
| + f I.: real interest rate

Differentiation between
onetime cash flow and recurring cash flow
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2 Methodology(5)

e Evaluation of economical aspects (Perform TCA)

Refer ence product

- Operating costs(including labor costs)

- Raw and ancillary materials costs

- Pollution abatement costs

- Fines
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2 Methodology(6)

e Evaluation of economical aspects (Perform TCA)

Alternative product

-Additional capital investment cost

- Operating costs (including labor costs)
- Raw and ancillary materials costs

- Pollution abatement costs

- Fines
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% Results(1)

LCA Referenceproduct :

Function : to hold and connect components electronically
asafrequency filter for the cellular phone base station

Functional unit : aluminum frame electroplated with 5um silver

Reference flow : 750g, 1 product of KSG6061

Objective of electroplating :
electroplate silver inside the plate @7 AJOU UNIVERSITY




% Results(2)

- Composition
Element Weight (g) Weight fraction
Aluminum 735.33 98%
Zinc 0.00085 0%
Silver 13.67 2%
Total 750 100%
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Results(3)

Process Tree

‘ Aluminum I NaOH

‘ HNOS3 I H2S04 ‘ KCN I

‘ Na2CO3 I ‘ TCE I ‘ HF ! AgCN ‘ Metd Silver I KNaC4H6

ZnO

Taniban l =
Alum l =

Llj

W =

< NHSO3 I
M anufacturing <
Al 6061 CaCl2 I

Agent for heavy meta I
Transportation I

Use I
Disposal -
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Key issue: Characterized Impact(Cl) basis
| mpact Categories Key issue(activity) Contribution(%)
Silver cyanide 30
_ Metal silver 28
Global Warming :
Aluminum 27
Manufacturing 8
Ozone Depletion Aluminum 100
Meta silver 30
Silver cyanide 30
Acidification Aluminum 21
Manufacturing 8
Sodium hydroxide 8

&

AJOU UNIVERSITY




Normalized Impact (NI) Cl;

Abiotic.Resources. Depl el

Human. toxicity-Wate

Fcotoxicity-Wate

Global . Warmi ng
Human. toxi ¢city—Aj
Acidificatio
Futrophication

Photochem cal.Oxidant. Creg

Ozone. Depletion

0.00E4+002.00E-054.00E-036.00E-038. 00E-03 1.00E-021.20E-021.40E-021.60E-021.80E-02
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Key Activity(Wl basy) Wi, = " 7
I I
- -t Rr
I\Ii
Manufacturin
NaOC
NHSOJ
Water. Treal meflit
HF
KCN

Silver.cyani &€
Metal . silv
Na OH.

TCE
Al um num.

0.00%2  5.00% 10.00% 15.00% 20_00% 2o.00% J50.00%
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| mpact cateqories (WI basis

Abiotic.Resources.Deplet

Human. toxicity-Wate

Ecotoxicity-Wate

Human. toxicity—Al

Acidificatio
Global . Warmi ng
FEutrophication

Photochem cal . Oxidant. Creati

Ozone. Depletion

0% 3% 10% 19% 207% 29% 30% 35% 407%
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Kev issues: From all impact cateqgories (Cl) and W|

e Aluminum
 Metal silver
e Silver cyanide

 Manufacturing
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Results(4)

Key Issue: (e.g.) key impact category and activity
calculated based on WI basis

. Contribution . Contribution
Key impact category (%) Key activity (%)
Abiotic Resource 36 Aluminum 29
Depletion _

Metal silver 27

Human Toxicity(W
y(W) 23 Silver cyanide 27
Ecotoxicity(W) 18 M anufacturing 10

l Basis :Weighted | mpact
Focus on manufacturing
including the use of metal silver and silver cyanide
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® Results(5) - Reference manufacturing process

TCE
NaOCl; CaCl,
: || Surface || Alkali ¢ T\ 0n }Wastewater
Aluminum Treatment Etching 2 NaOH Treatment H, S0,

o T

HE _:E Dipping |« HNG, CN removall—» Antifading |y e inan

(HF) Treatment
HZSO4 i T
_ Metal
ino |—»|  Desmut Silver S
: (HNO,) Electroplating .
Silver
i T cyanide
NaOH ] KCN
KNaC,H —:E Zincate |, Slver i—-AgCN
il Treatment Strike
ZnO | kCN

* Exclude dueto uncontrollable nature
. process with data gap @1 AJOU UNIVERSITY




% Results(6)

- LCA result (key unit processes; Cl basis)

| mpact category % Contribution of key unit process

Global warming G*, 935

Ozone depletion D, 38.8 C, 30.9 G, 29.6
Acidification G, 84.8 J, 11.9

Eutrophcation G, 85.7 J, 10.3

Photochemical oxidant creation G, 75.9 J, 21.7

Ecotoxicity water G, 68.1 J, 16.7

Human toxicity air G, 89.7

Human toxicity water G, 69.5 J, 15.9

Abiotic resource depletion G, 98.7

*A: Surfacetreatment, B: Alkali etching, C: Dipping, D: Desmut, E: Zincate
treatment, F: Silver strike, G: Silver electroplating, H: CN removal,
|: Antifading treatment, J: Wastewater treatment ..
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% Results(7)

- LCA result (key raw & ancillary materials; Cl basis)

| mpact category % Contribution of key unit process

Global warming F,45.5 E, 45.2

Ozone depletion C, 100

Acidification E, 42.6 F, 421 B, 11.9
Eutrophcation F,42.9 E, 42.7 B, 10.5
Photochemical oxidant creation | B, 52.7 F, 21.0 E, 20.9
Ecotoxicity water F, 50.1 E, 49.6

Human toxicity air F,45.1 E, 45.0

Human toxicity water F,47.9 E, 47.6

Abiotic resource depletion F, 50.1 E, 49.8

*A: TCE, B: NaOH, C: Nitric acid, D: Sulfuric acid,
E: Metal silver, F: Silver cyanide, G: KCN, H: HF, I: Water, J: NHSO3,

K: NaOCI @1 AJOU UNIVERSITY




% Results(8)

- LCA result (key unit processes;, WI basis)

Wastewater. Treatmen
Antifading. Treatme
CN.removal
Silver.Electroplat
Silver.Strik
/incate. Treat ment
Desmut
Di pping
Al kali.Etching

Surface. Treatment

0.00% 20.00% 40.007% 00.00% 80. 00%
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% Results(9)

- LCA result (key raw & ancillary materials, WI basis)

Na OC
NHS O3
ater.Treatment
HF
KCN
Sthver.cyanid
Metal . silver
Sul furic.acid
Nitric.acl
Na OH.

TCE
0.00% 10.00% 20.00% 30.00% 40.00% 50.00%
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2 Results(10)

- Summary of LCA result

key raw & ancillary
material

key process
Cl Silver electroplating
Wastewater treatment
Wi Silver electroplating
Wastewater treatment
Silver electroplatin
Both P

Wastewater treatment

Metal silver
Silver cyanide
NaOH
Metal silver
Silver cyanide
NaOH
Metal silver
Silver cyanide
NaOH
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% Results(11)

- TCA result (Key cost driver among processes)
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® Results(12)

- TCA result
(Key cost driver among raw& ancillary materials)
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2 Results(13)

- Summary of TCA result

key process

key raw & ancillary ma
terial

Silver electroplating

W astewater treatment

Metal silver

Silver cyanide
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® PP opportunity

-Summary

Key issuesidentified from the environmental and economical a
Spects

Process Raw & anqllary M pp Opportunity
aterial
Silver dectropl | Siver cyanide Reduce excessive us
ating Metal silver e of silver*
Wastewater tre . . Modification of wast
tment Sodium hydroxide awater treatment

*the silver used was about 3.5 times morethan that required to

meet the spec. .
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Alternatives (1)

-Reduce excessive use of silver

Alternative A

Ancillary electrode(+)
Base metal(-)

. Selective electroplating technique

electroplate selectively

Alternative B
. Slevetype ancillary anode
enhance migration of Ag*

Sieve ancillar

| nsulation

electrode(+) Base metal(-)
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Alternatives (2)

Alternative C
. Balanced-homogeneous plating technique
apply more electric current insidetheplate

-Modification of wastewater treatment

Alternative D
: Wastewater stream segregation

Major pollutantswere generated separately from the

manufacturing steps.
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Alternative evaluation(1)

- feasibility test
PP opportu Processes/ raw Feasihility
. &ancillary mate Alternatives
nity rials Regulatory Technical Financial
Silver € I A © © ©
ver electropla
Reduce exc ting P
essive use . . B O X O
of silver (Metal SI_Iver, Sil
ver cyanide)
C O O O
Modify wa
stewater tre vaastev\r/atziit;e O O O
atment U
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Alternative evaluation(2)

- TCA result Unit : 1,000won
, Alternative
Item Reference
A C D
Additional capital |
7 2921 781
nvestment costs o9 9,218 8
Operating costs 288 968 206,148 251687 288,968
Raw & Ancillarym o) 090 410480 400565 591001
aterials costs
Pollution abatement g 55, 50380 59380 37,557
costs
Fines 0 471 -393 -377
Total 939,438 768,307 740497 916,458

*Interest rate: 5%, inflation rate : 4% &) AJOU UNIVERSITY




Alternative evaluation(3)

- Ecoscore

Normalized scorefor alter natives

Alternative | SgnyilSRenv™  Scosti/SReost”

A 0.750 0.818
C 0.634 0.788
D 0.975 0.976

*Weighted | mpact Basis
*Interest rate: 5%, inflation rate: 4%¢c
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Alternative evaluation(4)

- summary
Alternative Environmental impact Cost
A low low
C lower low
D high high
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Decision-making(1)

C isbest followed by A and D.
-CandA ——» sdectC
- D isseparate

SCOSTlSl?COST

1

o0

0.8

>0

0.6

0.4

0.2

0.2 04 06 08 1 Senv/SRenv

C isthe nondominated solution @1 AJOU UNIVERSITY




Decision-making(2)

-Two alternatives were selected

v’ Alternative C
Balanced-homogeneous plating technique

v’ Alternative D
Wastewater stream segregation

v Alternative D may beintegrated into Alternative C
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Conclusion

v The PP alternatives can be identified
based on LCA and TCA

v Ecoscore may be used for the evaluation
of the PP alternatives
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