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4» Introduction

| ndustrial Waste Recycling R& D Center (I WRRC)

|WRRC was founded in 2000 to develop the recycling technologies of
industrial wastes with economic efficiency for practical use.

“Ministry of Science & Technology |  “Ministry of Environment |
[ |

I
Industrial of Waste Recycling R& D Center

(Unit : million $)

1% Phase 2"d Phase 3'd Phase =
m
2000 2001 2002 (2003~2005) (2006~2009)
Sum 0.8 10 10 31 42 103
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4» Introduction
Project Road Map of IWRRC

Phase 1% Phase 2"d Phase 3'd Phase
Obi ecti Industry fundamentalsof  Establishing scale up of Upgrading recycling
j ectives : : ,
resour cerecycling Commercial recycling rateto 70%
Y ear 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
;;ch;gli?]lg Fuel production / Gasification
Material Separation by solvolysis/ Complex recycled product
Recycling Key technology for plastic recycling
Reutilization Eco-materialgfrom wgste dust / Production of ceramics
Material recycling from steel plant sludge
Metal Precious metalsreclamation / Metal recovery of used battery
Reclamation Metal recovery from surface treating solution

Planning & Infrastructure:
Environmental evaluation by Life Cycle Assessment

Planning
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4» Introduction

Eco-efficiency

= Theobjective of sustainable waste management isto deal with
society’ swastein a way that is environmentally efficient,
economically affordable and socially acceptable.

» Toachieve sustainability or at least to movein theright direction,
it isimportant to develop and improve methodsthat can be used to
oper ationalize the guiding principle of sustainability.

= Eco-efficiency is recognized as*“ one of the primary way in which
business can contributeto the concept of sustainable development”.

» What isultimately required are simple-to-use methods which give
reliableresultsasabasisfor decision.
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| ndicatorsfor Eco-efficiency

Needs for eco-efficiency indicators which analyze both
environmental and economic aspectsin an integrated fashion,
since a good under standing and measur ement of eco-efficiency is

important.

A significant number of indicators have been proposed around the
wor ld to measur e the eco-efficiency. Most indicators attempt to
Incor porate one dimension (environment) into another dimension
(affordability).

- environmental sustainability index
- eco-metrics
- return on environment

- GP index
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Product or Service Value

v Eco-€fficiency =
Environmental I nfluence

Life Cycle Cost/Selling Price
v ROE =

Scaled Impact Assessment

Selling Price/Life Cycle Cost

v GP Index =

Life Cycle Environmental | mpacts

Konkuk Univ./LCA Lab.



@

An eco-efficiency model with onedimension...

= Todevelop a mode where benefits and risks of non-economic
dimensions (environment) can betransferred into monetary units.

= EVR Modd (Deft Univ. of Technology, 2002)
- EVR (Eco-cost/Value Ratio); an indicator for eco-efficiency
- Eco-cost; a L CA based singleindicator for environmental impact
- prevention costs (instead of damage based models);
coststo prevent pollution and depletion of materials and
energy to alevel to make our society sustainable.

- Marginal prevention costs of emissions; the maximum costs of
emissions which are assumed to be sufficient to create a
sustainable situation.

Konkuk Univ./LCA Lab.



In this study,

= an indicator with one same dimension...

Eco-efficiency = net benefit/eco-cost

- Net ben€fit is obtained from the Cost-Benefit Analysis (CBA).
- Eco-cost is calculated from the marginal prevention costs of
emissions based on Life Cycle Assessment (LCA).

= A casestudy for different recycling methods of plastic
waste isstudied to illustrate the applicability of the
Indicator.
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§» Goal & Scope Definition (1)

+ Goal :
To comparethe environmental potential impacts of plastic recycling methods,
MR, CR,and TR

Recycling methods Recycling systems
Material Recycling (MR) ®"|® The production of the secondary material
Chemical Recycling (CR) ®"|® Oil production by pyrolysis
Thermal Recycling (TR) ®"|® I ncineration with heat recovery

+ Function & functional unit

Function recycling of the waste plastics
Functional unit recycling of the waste plastics 1kg
Reference flow waste plastic 1kg
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§» Goal & Scope Definition (2)
+ Data quality requirement

On-site Off-site(upstream, downstream)
Time-related coverage 2002 within thelast 10 years

Korean DB : Electricity(KEPCO),

Geographical coverage recycling processes Transportation(5ton Truck)

in Korea overseas DB : Chemical , Oil, Plastics,
Steam production
Technology coverage average data similar data with real process

+ LCIA methodology

- 7 Impact categories are considered.
global warming, acidification, eutrophication, summer smog, winter smog, heavy metals,

car cinogenics
- Nor malization and weighting steps are not included.
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§» MR - Data Collection

+ Typesof the MR companiesin Korea

Sorting
& Smashing
[Local gov.]

Cleaning &
Melting
[Private sector]

h 4

Sorting Sorting
[Local gov ] [Private sector]
‘ v
Smashing & _
Cleaning Smashing
[Private sector] [Private sector]
v
Cleaning &
Melting

h 4

[Private sector]

| PE,PP,PS(pellet) ||

PV C(powder), PET (chip) | l

v

Mixing with virgin material
& Product forming

Data collection from 30 companies = Data treatment

Sum of the unit

Pr OCESSES
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& MR-LCI result

+ Processflow diagram & main inputs/outputs

I nputs ozl unit rocess (amount)
[ waste plastic 1kg } P amount P
A (0.018)
' ? | dectricity 0438  kwh B (0.052)
: I C (0.369)
o I Air :
—> — .. diesel(T) 0.018 kg transport (T1+T2)
Fuel l smbeling | |1  emission
I = | total : process
@] g |_> LS Outputs amount unit (yield & amount)
' emission
o Water cleaning| |l i A ( 70%)
WL 4Oy i wase SRR 0672 kg B (100 %)
: Melting l C( 96 %)
| | A (0.300)
— - - e wd
-i- wastes 0.328 kg B (0.000)
[ Pellet | C (0.028)
CO2
emissions(T) 0.069 kg transport (T1+T2)
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§» CR-LCl result

+ Processflow diagram & main inputs/outputs

Konkuk Univ./LCA Lab.

[Waste plastic 1kg] Inputs amount unit
_ electricity 0.259 kWh
I diesel(T) 0.018 kg
Sorting | :
¢ | Air Outputs amount unit
Pyrolysis | Gl gasoline 0.299
Condensation || kerosene 0.115
i ot . 0571 kg
& emisson diesel 0.089
Extraction g: Waste heavy oil 0.068
¢ <l internal usein the CR 0.070 kg
Refining |
—1 0% 0.081 kg
— V= — — — (non-condensable gas)
v CO2 emissions 0.449 kg
[ Fuel | CO2 emissions(T) 0.084 kg

Data Source: 2001 ROICO, which is performing chemical recycling in Korea, data



§» TR -Data collection

+ Data collection : 11 incineration with heat recovery facilities
+ Theheat recovery for the waste plastics was obtained based on theratio of
calorific values of M SW

1. Weight % of the waste
plastic in the M SW
(20%) 2.Theratioin calorific values
between waste plastics and the M SW
(2.7: 1)

Allocation factor (0.54 to the M SW)

Data Source: The Status of Incineration facility operation for the Domestic
Wastesin 2001,Ministry of Environment 2002
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& TR-LCI result

+ Processflow diagram & main inputs/outputs

: Inputs amount unit
waste plastic 1kg
electricity 0.089 kWh
r-— '@ - = diesdl <0.001 kg
I I diesel(T) 0.009 kg
1| Incineration |] Air
' I emission Outputs amount unit
i | Water Heat Energy Recovery  19.440 MJ
\Wat issi .
Energy |! emission CO2 emissions 2.800 kg
| | .
Chemical recovery ;| Waste CO2 emissions(T) 0.033 kg
I
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& Comparison —LCI (1)
4+ CO2emissonsfrom MR, CRand TR

M Recycling process 1 Avoided impact

3.00E+00 MR CR TR
2 00E+00
S
% 2 87E-01 1.17E+00
£ 1.00E+00
2
IS
S 000E+0 - -
AN
@) 1000
@)
- 0
LOOE00 2 50e01 157601
-1000
-2.00E+00
GWP100
net : -433E-1  1.01E0 1.18E0 (
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&% Eco-cost

Mar ginal Prevention Costs of Emissions
(The Netherlands)

= Prevention global warming: 0.114 Euro/kg (CO2 equivalent)

= Prevention of acidification: 6.40 Euro/kg (SOx equivalent)

= Prevention of eutrofication: 3.05 Euro/kg (phosphate equivalent)
= Prevention of heavy metals. 680 Euro/kg (based on Zn)

= Prevention of carciogenics. 12.3 Euro/kg (PAH equivalent)

= Prevention of summer smog: 50.0 Euro/kg (based on VOC)

= Prevention of winter smog: 12.3 Euro/kg (based on fine dust)
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§» Eco-cost Results

Konkuk Univ./LCA Lab.

Impact MR CR TR
category
lobal 3.54E-01 4_04E-2 | 7.31E- 01 8.33E-2 | 2.92E+00 _33E-1
_%La_r_'m_lng g\lfg:\vl_% {E“FQ) _&kgl\l gnQ:\/_%
acidificati |1-59E-03 1.02E-2 | 2.46E-03 1.576-2 | 1.16E-03 _A2E-3
an (kg S04 (kg S04 (kg S04
EUtroph icat FAHIL -4 5.61E-4 | S998¥-94 1.146-3 | £9Y48¥-d4 _42E-4
- (kg PO4 (kg PO4 (kg PO4
—10n equ 6 equ 6 UIV6
heavy ' 1|Eb 8 1.77E-5 . 4Eb 8 1.05E-5 (kang 6 _50E-3
metals g g g
" 5 ADE- {1 98E TIo0E: {2 86E ngé\é'%g 85E-8
garcrnogent | cig PAH) 109 | kg pans 21995 | EkaFan R
- 6.09E-04 7.496-3 | 4.44E-04 5.46E-3 | 2.90E-04 _57E-3
winter smog | (kg sPw) (kg SPM) (kg SPM)
2 .23E-04 1.126-2 | 1.41E-04 7.05E-3 | 6.55E-05 _28E-3
summer Ssmog gkgc% ly ékQCQ/ ey éka% )
total eco- |6.99E-2 1.13E-1 (Euro)|3.52E-1
TOSt (EUTO) (EUTO0)




§® Cost Benefit Analysis (CBA)

- Economic aspect of each recycling method was investigated from the

CBA study.

MR CR TR
collection a_nd labor cost for collection, and driving
transportation maintenance cost of vehicle

Cos (T1+T2)
o}
: depreciation and maintenance cost of facility
operation
labor cost
cost .
miscellaneous costs
sdlling benefit | S2Ingof sdlingof oil | Selingof heat
_ plastic pellet ener gy
Benefit Indi
ndirect benefit as substitution effect of landfill cost
benefit*
Net benefit Net benefit of Net benefit of Net benefit of
(Benefits-Costs) MR CR TR
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4» Cost Benefit Analysis

Material Recycling

Thermal Recycling

Cost
[tem Amount
(Euro)
. depreciation of facilities 3.93E-2
Operation |abor 4.54E-2
cost mai ntenance 1.05E-2
electricity 3.21E-2
wastes 6.23E-3
transportation 1.65E-1
MR cost Total 2.98E-1
Benefit
Amount
[tem
(Euro)
Benefit plastic pellet selling 2.80E-1
Socia benefit
(substitution for 1.81E-1
Landfill)
MR benefit Total 4.61E-1

Cost
ltem Amount
(Euro)
depreciation of facilities 2.06E-2
Operation labor 1.44E-2
cost maintenance 3.51E-3
electricity 5.28E-3
wastes 3.27E-3
transportation 1.02E-1
others 9.31E-3
TR cost Total 1.58E-1
Benefit
Amount
Item
(Euro)
Benefit Steam selling 1.39E-2
Social benefit
(substitution for Langfilly | 181EL
TR benefit Total 1.95E-1
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§» Cost Benefit Analysis

Chemical Recycling-1

(operating rate; 30% )

Chemical Recycling-2

(operating rate; 90% )

Costs
[tem Amount
(Euro)
. depreciation of facilities 142E-1
Operation labor 181E-1
cost maintenance 1.83E-2
electricity 5.89E-3
wastes 3.93E-3
transportation 1.65E-1
CR cost Total 5.15E-1
Benefits
Amount
[tem
(Euro)
Benefit Oil sdlling price 2.55E-1
Social benefit
(substitution for landfilly | 8151
CR Benefit Total 4.36E-1

Costs
ltem Amount (Euro)
. depreciation of facilities 5.54E-2
Operation |abor 6.35E-2
cost maintenance 1.06E-2
electricity 3.42E-3
wastes 2.28E-3
transportation 1.65E-1
CR cost Total 3.00E-1
Benefits
Amount
Item
(Euro)
Benefit Oil selling price 2.55E-1
Social benefit
(substitution for landfill) 181E-1
CR Benefit Total 4.36E-1
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§» Eco-efficiency

|n this study,

Eco-efficiency = Value/Eco-cost
(Benefit — Cost)/Eco-cost

v Eco-efficiency > 1 affordable, sustainable
=0-1 affordable, not sustainable
<0 not affordable, not sustainable
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§» Eco-efficiency

Benefi1 |Cost Value Eco- Eco-
t (Euro) | (Euro) |cost efficie

MR SB[ 201 |1.63e-1 |6EOBER) | Y a3

CR-1 |4.3cE-1 S.15e-1 | -7.90E- |1.13E-1 -0.70

CR-2 |43E-1 3.00E-1 1.36E-1 |1.13E-1 1.20

TR 195E-1 1.58E-1 | 3.70E-2 | 3.52E-1 0.11
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& Summary-1

» LCI DB for plastic recycling methods wer e constructed as one
of the 1st phase projectsin the WRRC.

= Measurement framewor k of Eco-efficiency was discussed.
- An indicator for eco-efficiency was developed based on EVR
(Eco-cost/Value Ratio) modd!.
- Eco-cost iscalculated from the marginal prevention costs of
emissions (the Netherlands) based on the results of LCA.
- Valueisobtained from the CBA study.

= While MR isbetter than CR and TR isthe poorest in terms of
the potential environmental impacts from the L CA study, MR
wasthe best and CR wasthe wor st from the per spective of eco-
efficiency.
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& Summary-2

» From the eco-€efficiency indicator, MR isnot only economically
affordable but also sustainable, while TR isonly economically
affordable but not sustainable.

= At present, CR isneither affordable nor sustainable. CR can
become affor dable and sustainable by enhancing the operating
rate up to 90%.

* Themarginal prevention costs of emissionsin Korea hasto
be developed so that the L Cl results can take into account of
the situation of the region wher e the emissions occur.

» |nthenext phase of thisIWRRC project, theissues such as
the differencesin the quality and shape of waste plastics,
data quality, and system boundary haveto be considered to
improvetherediability of theresults.

I Konkuk Univ./LCA Lab.
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