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Zehre TEIEE BRAIAGN T 9 AHgo] B BekiE SIS Th 4ta BN LS B3 vHE ALg ek
SJHUE 25 29 ET2 Closed-loop 23 A28 B3] A WS H20kshe A23H] AlFolth. & AToAE 2t
BH7HLCA) 718 olgte] Betrg wlE BYNLHY TSIE MR- APLgo] BE BFFFS FFH T Brpshgon,
o2 olg3to] 18] ARG el EA 2] BHA AMEIE LT AW AL ARASTA, AZTA, ASHDT
A, AHGA, 57 D AEDA R DRG0, A B AL AT, AL AL B2, AE, ARAE o2 ARt
sfo] RASHeITh. B A A B4 A, SekiE e EYALDE 13 4G thH] 6] JIUT 7% B 73.3% Las)
£ AoR Uehton], s 5 AARZ AU 91.5% Aastel Ha7h 7P 2 A0R ek, A -erkslo] dhat 2
78 M AT 72.8%E e,

FAol: LCA, Zehae ke B4 2d, B9

ABSTRACT: The plastic pallet is a resource-circulating product that minimizes the production of new products through a closed-loop
circulation system as a returnable logistics transport tool that recovers plastic pallets that have been used once in the logistics industry
and uses them repeatedly through a pooling system. In this study, the environmental impacts of repetition and reuse of plastic pallet
evaluated using LCA. And the results were used to compare with single used plastic pallet. The system boundary was set to raw material
extraction stage, product manufacturing stage, use (distribution) stage, cleaning stage, and disposal and recycling stage. And use
(distribution) stage was analyzed by subdividing into production plants, users, destinations, collection centers, and washing centers.
As aresult of the analysis of environmental improvement effects, the plastic pallet pooling system showed an average decrease of
73.3% based on the six impact categories compared to single use, and the impact category of resource depletion among the impact
categories decreased by 91.5%, showing the greatest effect, and 72.8% environmental improvement effect on global warming.

Key words: LCA, Plastic Pallet Pooling system, Environmental Impact
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Fig. 1. LCA Process.

Fig. 2. NF11 Plastic pallet.



LCA7|EHE OI2

et Z2ka

o] WHEALgo w}ﬁ— HIE B4 EH A2 2
AAEE T E 31,]1 AAkFo] 71 W-2(55.3%) NF11

§ SRIE 2 Agston, 71k S NFITE e 1
w7k B ARG EE Sakatol2 18lo]H, At B4 Al
A28 B 134 48~508)8 Tefstel ALYSIATE,

42 HUE 2224
Hapd BEEAS 919 2 A AR gols Sde

=7 QU RSt A7 9 A AF §ES FHOE o)

JEEREEREEE EERE LT

421 9= H5TA
EH:EM]OHHL 1‘41“111 *E*Pok— Az AA 2

AR B, =578 9 350 2ARH T,
AA 9] BAEF ng— Olils}cﬂ "dxﬂ% 7&}‘4 |
|34

JAAIES] £ 9HAA= HDPE, 1797, a2
TEEH, BY8lE 7122 HDPEZ}F thF-2(97.8%)&
AA| etz AR ZAE Y AIRA Q] AR T
ZA} A3H= Table 29} 2k,

4.22 AZ2GA

AzgA M= gl dAlES Aatste 370 A=A <

Table 1. Goal and Scope Definition.
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Table 2. Input materials.

" Cat Material Unit  Val
Category Definition ategory ateria nm alue
. - : Raw Pallet HDPE kg/ea 19.2123
Purpose Environmental Impact evaluation of plastic ol
P pallet pooling systems materia Rubber PVC kg/ea  0.2282
- Used for product transportation and storage PE kg/ea  0.0756
Functional 1r; dtlstrtlbut1;)n;erz:ersf;m;i1 su[r):l:rgntarfet, aﬁg S TiO, kglea  0.0302
profects products 1ro oisture - a . Pigment Carbon black kg/ea  0.0028
contaminants. material P o 0,017
Functional - NF11 Plastic pallet 1ea-1Cylce 1gment gea .
Unit - Size (mm): 1,100 X 1,100X 150, LDPE kglea  0.0623
weight: 19.5 kg Total kg/ea 19.6294
- Sea 2 | 1,000ea 3 | 1,000ea
Production |- Agency?2 Recycle
-—) u B) p——— A 1(C) ———>
plant(A) 150.89km 2 () 66.15km gencul (C) 40.00km (c-1) company (E)
Pooling Pooling - pr— I I 3
logistics logistics g lea
center 71 9957 center- 56.00km *Lost pallets
52.40km Recovery 53.74km
center(D-l) 78.00km
Pooling
logistics
center-
Cleaning 6) 300ea 65.00km 4) 699ea
Center(D) <
I 3 4ea

Fig. 3. Pallet pooling system of Use (Distribution) stage (pallet 1,000 ea) - Closed-loop system.
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Table 4. Life cycle inventory database used.

Life cycle
@ TEE Qa U PN AR olgtel 2ASE _ stage toms LCIPB - Source
At 2AHAT}, AL A A AE 01393 kWh, 25 Pallet HDPE HDPE Korea
0.0011ELS AMg3l= Ao 2 ZAE Y™ 17 AEE A Rubber PVC PVC M%nsgy of
rade,
18.7012kg 2] HDPE 7} A A == A S 2 Yebyi. PE HDPE industry and
Raw additive LDPE Energy
4.2.6 LCI database 3“-,‘@' material ) } ) .Klorea
LCI databasel= 2140 ofgt £E(A, ofuix), g exwaction Plx- - TO: - 102 Ministry of
o g N o= mals - ment Environment
=) RulE=(W7], A, W712)E S8t FFeRt b ;
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co o T e T = '° N facturing Energy
2 R 4 9l WAl W, B AL ) 844 T Ko
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Table 3. Definition of Pallet Pooling System. Korea
Place Symbol Definition industrial water 1n3V1;st2r;al Ministry of
Production Plant A - Pallet manufacturing Environment
User B - Pallet supply and recover PE recycling HDP E
recycling Korea
A 1 c Pallet user (Supermarket — — o
geney etc.) Electricity Electricity =~ Ministry of
Trade,
Agency?2 C-1 - Each agency's store LPG LPG industry and
Pooling logistics ) ;- Pooling recovery center Disposal HDPE HDPE Energy
center - Recover inside the each agency PVC PVC
Pooling logistics . . K.
. D - Pooling Cleaning center ; ; orca
center - Cleaning industrial water  ndustrial Ministry of
water .
Recycle company - Pallet recycle Environment
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Table 5. Raw material extraction & Product manufacturing
stage result of characterization.

Raw material extraction &

Category Product manufacturing
ADP
(kg antimony eq.) 1.12E-01
AP
EP
(kg PO4™ eq.) 1.00E-02
GWP
ODP
(kg CFCl11 eq.) 6.93E-07
POCP
[kgCO./ea]
3505401
200£+01
2506401
200E+01
1508401
100E+01
S00E+00 .
000E+00 -_— - —
S500E+00 -~ F R & @ > = =
@R‘O ‘é"”\ﬂ g :,\.\Qég o & @\q@ ,\@(\&" &
& & & &
= Q:S&‘ # N _\\‘\N
X r.;,\? \\SQ

Fig. 4. GHG emissions by input materials of raw material ex-
traction & Product manufacturing stage (pallet 1ea).
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Table 6. Use(Distribution) stage result of characterization.

Use (Distribution)

Cat
ategory Ist cycle After st cycle
ADP 8.00E-04 4.02E-04
(kg antimony eq.)
(ke sﬁ o) 2.13E-04 1.23E-04
(kg Pgl;. o) 3.23E-05 1.92E-05
(kg%‘gfeq ) 2.79E-02 1.62E-02
(ke ngfl o) 437E-08 2.20E-08
kg Pc(zgeq ) 1 31E-04 6.93E-05

[kgCO2-ea]

1.20.E-02
1.00.E-02
8.00.E-03
6.00.E-03
4.00.E-03
2.00.E-03 ' '
=37
0.00.E+00
A3B B

l —
B DE

Fig. 5. GHG emissions by sections of Use (Distribution) stage
(1st cycle).
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Fig. 6. GHG emissions by sections of Use (Distribution) stage
(After st cycle).
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Table 7. Cleaning stage result of characterization.
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Table 8. Disposal & recycle stage result of characterization.

Category Cleaning Category Disposal & recycle
ADP ADP
(kg antimony eq.) 1.80E-03 (kg antimony eq.) -3.67E-02
AP AP
(kg SOz eq.) 4.79E-04 (ke SO» eq.) -3.88E-02
EP EP
. 7.09E-05 . -7.39E-03
(kg POs” eq.) (kg POs” eq.)
GWP GWP
2.14E-01 -3.66E+01
(kg COz eq.) (kg COz eq.)
ODP ODP
(ke CFC11 eq.) 3.80E-10 (ke CEC11 eq.) -6.80E-07
POCP POCP
2.30E-04 -5.41E-02
(ke CoHa eq.) 30E-0 (ke CoHs eq.) >-41E-0
[kgCOs/ea] et
250801 i 4 A
0.00E+00
200E-01 5.00E+00 Electricity Industrial water  recycl
Ls0t01 -100E+01
-150E+01
MO -200E+01
500.E-02 -250.E+01
A 4 -3.00E+01
Jee Electricity Industrial water LPG -350E+0L

Fig. 7. GHG emissions by utility of Cleaning stage (pallet 1ea).
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Fig. 8. GHG emissions by utility of Disposal & recycle stage
(pallet 1ea).

Table 9. Environmental reduction effect of pooling system
compared to single use.

Pooling . Reduction
Category system Single use rate(%)
ADP 8.08E+05 9.54E+06 -91.5%
(kg antimony eq.)
AP 2.97E+05 236E+06 -87.4%
(kg SO eq.) : ‘ e
EP
(PO oq)  S2AEH04 4SSE+0S  -88.5%
(kg(é‘gf ) 1 84E+08 6.76E+08  -72.8%
opp 6.35E+00 7.97E+00  -20.3%
(kg CFC11 eq.)
POCP 2.74E405 133E406  -79.4%
(kg CoHa eq.)

Life cycle ©AE A7t~ W& A& AT Table
100 Uebdl A} Zow, HA 2A47tA wiE AES
72.8% 2 HAEIL, AF iHF Aol g dRFHS
9 A zA o 2A7EA viE AZEo] 97.6% = 7MY =
2 A2 FAESI #)7) 9 A& DA A= 18] A}
& 7 Aol AYEEE A o] BYArER
o o ) wlEe) EAATe] Ao 18] AME
nr}99.6% B2 A2 BAEIh
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Table 10. GHG emissions by Life cycle stage.

Poolin Reduction
Life cycle stage & Single use rate
system (%)
Raw material
Xacton & 1 70B+08  6.94E+09  -97.6%
roduct
manufacturing
Use o
(Distribution) 2.81E+06 4.05E+06  -30.6%
Clean 3.64E+07 0.00E+00 -
Disposal & recycle -2.51E+07 -6.27E+09  99.6%
Total 1.84E+08  6.76E+08 -72.8%
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