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2 0 7 AJeFs} 6}7] 91t g o] Es] XY | of $Fom, a4 7H(life cycle assessment, LCA)+= THYEH AFY
ool H8x= A9 B FgS sty gt v WHE e R delA glok LCAE ISO 14040/14044
A o) e AE 9 AR|AY] AR AHEE AR, &5, AR, el H7|of o] 27]74R] A AgojE7]of
AR 7 e JFH o2 Bostal Frigho 2, w<es| AR WA o] #H 1 ehS a1efsh= Ao ofy el
A AYollE7] o AR FHA QA B FFS 7 = QA gk oA ohFst AlEe] AAIAQ B JTFS
w4817 o wl-- f-8-5hTh1,2].

A7 3347 (fiber reinforced plastic; FRP) 2] 79~ =3t 7| 4|4 EAS 7HHA L A4S g
4= Aok S 7L Sl A A EM, FE- -, e}, A 2 sfok, FEUd 5 o
A 8511 Qlch3]. FRP &-4-of 2 o[ 2] && F7h= AHSTA o A1) o 7] 4n]of up2
&S AR A 5= Qo AxTA oA 9] w2 g Rel, S43 A8 o=
2 EA 52 22 3 BAIE oF7I8taL qlek= oA FRPO] 373438 &3] HrlstaL, A
7] AR 7 AYeli7) ol A 34 G eFe] F3HA Q1 g7 W= o|tt,

2 7] o A= FRPO] A g7 23k 29 A4 A% AA|8] EAsk L, A8 A4 8 SAHS
TEerH, 3 A et W RS B9 0 2 A A st LA} gt

of

2. 4FUSISEIAR] LCA o1 WHE

ISO 14040/140445 7|WFO. 2 3h= LCA= Y| 7HA] =8 G2 A E W, 2 ThAufeh J1A 2 ¢1 Axpe} a1
eAlRto] EAYRICH(Figure 1). 1 WA ©Al= 521 5 9] 4 2] (goal and scope definition) THA| 2, B7}e] H4]
< Astal TLof whE A& BAY 75T E ARt Aot ofuf A|AE AA = Bl A e E= &
4] W elolaL 7ol AFol At 7159 B4, A 7IEdglolth F WAls A 5524
(life cycle inventory analysis) ©A| &, ZF Ao =7] TA oA 4] A v & H = 24 Y AU A& A=estal o] &
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715 e o2 SHAKSE A3k olHllE 2] (life cycle inventorys;
LCDE 58t THA| ol ok Al 117 = A1} & 3F 5 7Hlife cycle
impact assessment) @A 2, F1=5 LCI glo|E & 7|HIO.2 A
F 9 AL O] 3HA J S QTS sl TAlolt Y] ®A o]
A} 2| A Q1 8l A (interpretation) ©A|= B7HAYHE 4] 5)
o £8 IHIF 8 Y HEHS AL L AAYIE =
=5k THAlolTH1,2].

polyacrylonitrile(PAN) 7|8t A& ZiL-20 4] ©H3HA| 7=
ol A 8= thFe] o | x| axmlof A 7] ¢Igte). 24
=3t (glass fiber reinforced plastic; GFRP) 2] 7-9- Al & &
ol A 2] o g A] 4|7} FQ Q010 2 2851, prepreg
Az 9 curing GA A 9] o | A 4x8]7} A3t 2 FekE
oF13 4 91Tk

Table 1. Energy demand and greenhouse gas (GHG) emission of
composites in production phase[4].

Life Cycle Assessment Application
- - Product Development
132%1;:: nScope 2. Inventory analysis 3. Impact assessment || ndmprovement Energy demand GHG emission
- Collecting input an - Quantifyin; l—| - Strategic Plannin
o i L S e ol kg (MJ/kg) (kg CO, eq./kg)
-Systemboundary ||  (materials, energy) || impacts
- Functional unit - Normalizing data Marketing
:zlltz.t]wds l:"a:‘ed on functional . Others Matrix 76137 47-8.1
1] il 1] Liquid epoxy 62.8-78 23
4. i - ifyi i feasibility, major envi drivers,
and environmental bottlenecks Polyester, unsaturated 734 2.0
Polypropylene 54.8 1.3
Figure 1. Framework of life cycle assessment. Mater-Bi®-modified starch 67.8 13
_ B B Polylactic acid (Ingeo 2009™) 59-107 0.7-44
AR RS IO FRR AN Y Bl e
o _ = - Po oxyalkanoates 19 1.2
I AR YT ES D o lon, dutd o R = Sk kil
FUA]) A 2 2A7IA &S 2HA o2 Prsic) Epoxidized linseed oil monomer 76-137 4.7-8.1
FRP A B 7HA| A7) 85718 27 371A] (AL 28, Reinforcement
b2 1] 3l Q. HE 7= ke i ..
v 7] 9 &g 2 FEs] F7HE A3YsH (Figure 2), o] Polyacrylonitrile-based carbon fiber | 286704 22431
Az LA o E'_ZI—/\-}) OFs} 7] A A Z A /\x’:‘E A
j* © :“‘ e ot o XA N ol v ! f:’] o El Carbon nanofiber 654-1807 70-92
FA, ol A $22]) 2 s (S, fe A A
£5) 2%, 123 A% A A o] 0] A Ae wpaje) | Gessber ® 20
1:]-0012/\6] %.o] _,jg:] %]J:]- zF ;(-ﬂ_gl. _/'F_ngliﬂ H 2 FRP 7]13_} ;q]%o] Flax fiber, with irrigation 9.6-12.4 0.4
71 24 718t AlFke] vl B o] £ x|, HFH O R = Hemp fiber, without irrigation 6.8-13.2 1.6
A M= & = AH] "2l LA 7lA ulZ=ekl dkA
lj_x‘” T OT7] 0” EH 1_]_- Oﬂ —1;(] - ] = = E_7}——— Hﬁ o= u J: Jute fiber 3880 13-19
5to] FRP 7|4t Al &2 2H4 doFe et & 4= Sick A N
_ Sugarcane bagasse 11.7 NA
7HAl 2t ST e melAr Y B ket 2, e
Manufacturing Processes
PR metsEe poceseng,and| | omesene o S ’ = sl et Sheet molding compound 3.5-3.8 NA
mag;ﬂr:?!::ns = | maintenance |=sp| of products 1 !ovsoil
Eneray ikt ==_: coad weste (ner) Resin transfer molding 12.8 NA
Potential recycling PultruSI on 31 N A
Figure 2. Life—cycle phases of a composite component [4]. Autoclave 219 NA
Injection molding 21.1-29.9 0.5-1.2

HA YA A FHbo A= i 71 A A 9 ZFskA ol o gt
B7h FRP Al 4o thgh H7F, FRP 7|8 A& A4k of
F 71 Fo] A=, HFH oz 7|E AF A Al FF
v BAGH} BFA A S- 28 7 (carbon fiber reinforced
plastic; CFRP) 9] 74 etaad 5 AAFSA 7 HA| 373 A3
o] 60~80%E X A|FHe Fo A90R BIEFYOH, o]
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ftlo

FRP 227} %7} ol 5 Sha st §4 93 vlo| 2 7wo, A
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Table 2. Impact of replacing traditional materials with FRP in production
phase [4].

Replaced Change
Products Composite | traditional
naterials | Weight | | GHG
demand
Structural steell —33% =57%
) GF/PES pul- Stainless steel| —28% —68%
Bridge NA
truded Concrete | —85% | —62%
Aluminum | +25% -56%

Car side door | Hemp/EP ABS 27% | -45% | -15%
Und;;fo"r Flax/PP GF/PP 0 | -14% | NA
Rotor blade Flax/EP CF/EP 0 —50% —45%
Carinterior | Bagasse/PP Talc/PP 20% | 22% | 21%

Steel -31% | —59% +2%
Car door GF/PP

Aluminum | +25% | -87% | -74%

Steel —44% | -20%

Rear body of

GF/PES NA

truck Aluminum | +11% | —44%
Steel —60% | +280% | —15%

Closure panel CF/EP Aluminum | -27% | -65% NA

GF/PET —42% | +127% | —45%
Sedan CF/EP (virgin) Steel -38% | +30% | —21%
Steel —63.5% | —-13%
Propeller shaft| GFCF/EP NA
Aluminum | -55% | -83%
CNF/PP or —18.9% to| +30% to
onepEs | S| erav [ +1000% | N
Car floor pan
+363% to|+136% to
179,
CFRP Steel 17% wa12% | 219%

A1 G Bl A FRP 714 A AME A] 24 gl o
o B/ R, o] uf B3k A B AHgol ke A 71
20l 99 TR Mefd Wt gk FRPY] -2 ALGA
Q) AR} Hofol Az 71 7 Hol Lt ekl FRPE T
02 Qof A= 13} FoF A7k Bk o] 2k AR XA 9) 57 71

arof| W ARA] 9 Bdfjo] 5 Z5Fs) tEd|Ql 4 e A
ol whE 23 F=F A3 At 9lom, 13} F=F A3 1 kg & oF
05~15kg®] 23} FF 7+ Gal7p Ry vl Qle}, Z232E E
© 73 wefo] 79504 o] 7] AR 5%E wA|sfoF
S}A|9E CFRP 4= GFRP=E A|2HE W eFo] 79§24 Haeg ¢

gk F7F Akgo] B askR] ofom, A7 ARkt 242 A7 ok
LS F0l FRPE| 7] )] thA] Al 87 ok " esiA J
3} 8 = ot 5okl A 71 AAE FRPE A 32 o, 7
Foto] thE AR AR (A AREE) A W 2A7EA FHEo
FH o] o & ared 4= 91 o1, FRP ARG-A| 7 o|ut dfnlE
u] et F5F A E SOl & £ oy A At anE By
4= itk £3], CFRP2] 7-9- GFRPI} H| S wj = A3} 7}
5otttk oAl CERP 27 718E A5 ARE-A] oA 2] 48] 2 -2
A7FA S A7 Zke] skt 7Hs st

[}
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Table 3. Impact of replacing traditional materials with FRP in use
phase[4]

Change
REIEL |
Products | Composite | traditional Energy GHG
materials (km) demand | (kgCO,
(GJ/unit) | eq./unit)
Car Bagasse | miopp | 150000 | -193 | 206
interior /PP
Transport China 5000~
F/PP .6t0 2. A
pallet | reedp | SPP | ag0000 [OO0231 N
Propeller CF and Steel —3.7 221
150000
shaft GF/EP | Aluminum 25 ~158
Steel -26.9 -2096
Closure e
panel CF/EP Aluminum | 200000 6.8 =531
f
orea GF/PET 131 | 1023
Steel 2.0 —150
Car door GF/PP 150000
Aluminum +0.8 +67
Steel
. —-181 NA
Rearbody | - opppg | Aluminum | 9900
of truck
Aluminum +23 NA

v e 2 o 7] 9l A2 A F7kef A= FRP 7|9 Al
ARG ol 5 7] B A A o gt F7F A=, w7
SAZA v Bl azbo], g GARKN 71 AA, 24, afet
A A2l 5ol aefd o= Jlvk FRP A28 4] drHA o= A
o) upeh, GA 2] A A £ T2 s I
A 5o EA B e, o] 2 Qlsf 48 ok Z2

HR7IE0t A 20 45 | 199



A SER AREShE theAtel 290l a2 drt. whof FRP
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Table 4. Impact of FRP and tradiional materials in end—of—life phase[4]

Landfill Incineration with Recycling
energy recovery
Products | gpergy | GHG | Energy | GHG | Energy | GHG
demand | (kg CO, | demand | (kg CO, | demand | (kg CO,
(MJ/unit) | eq./unit) | (MJ/unit) | eq./unit) | (MJ/unit) | eq./unit)
SMC NA NA 7587 0.9 7 0.4
GMT 0.09 0-0.02 |-25287 1.9 11 0.9
CFRP 0.11 0.02 7371;‘“) 32-34 | 10-15 NA
NFRP NA NA |12to-34| 2.3-2.9 NA NA
Steel NA NA NA NA |11.7-19.2] 05-1.2
Aluminum | NA NA NA NA 24-5.0 | 03-0.6

A& A =g 7ol sl B7HE XY o] o] & ik
Sko] FRP 22419 7|& 274 thA| Al 27 4oF2] et 7hs
Sttt FRP7} 714 o] #8550kl 7]& 27Ql 7
A, R0l S H S o, AlE AL #7] E S-S A
of| A<= FRPYEL} 7]& 227} 93k A5 Ko, ARETHA|
of| A FRP ARg-of| w2 Z3HE Fofl At ol u A 4wk 4
9 A7 ST Aol 7He st o)== A A o8 3
Aol w2 weHtrade off) =TS ofnlsi] A TP A
ol =& Al FRPY| 7]E 4 A7} g A o= 93t 29
£7]% (break-even point) & =& o 5= U TH(Figure 3).
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Figure 3. Total life cycle impact of carbon—fiber reinforced polymer
(CFRP) body in white (BW) compared to conventional steel BW. (adapted
from(4]).

3. dRZs=eiAxl LCA g71e| oAl R xidret

270l A HRIZ] A} 2o FRP of gk a1t She Al 7}
A7F AL Qo = Bkl o8] E 7HA] AR o] &
Agteh A HAl= dlol 22/ 9 LI dlo|ef o] A9] 31
o|th. FRP LCA A-ollA 7P A4t 2Al= A ul=e
dJo]E|(life cycle inventory database; LCI DB)2] B840 2 &
Y LCIDB= & 74 54 Hlo|E & 7|Hke. 2 staL glof, =
W A% 74 A] Sk 8 Aol B4 Aol F4ke] vefs]
o] Yot E3F 7|& LCI DBE] 7% 11-8-2] 2l Alszofl gt HlofE
7} 5 O|FaL Qo] FRP AlsE AF=7] W Al 3ol gk Hlo]
B 7} §551, o]= H7F dANA 7w A7 A =T
U= TE FFEE AR HoHA Hi= del o= 21gH 7]
/S Adths 8Qlo s 2h8-eh 4= Stk F M= 7|5
9 A ojo) A oIt} 71512 B A BIF A 2 Pk
e 7|E0) H= pfolu e les Wot, ik o s
HEAF B7F Al 1kg & AlF E= 1 unitS 7|20 2 gtk 1
L B o] 749 Fd Ak At 4ol A Eet &o]
7h sk, FUeh Aol tieliA e =4 Aty ol whek A
TG Ayt Aol EEE 4= Stk whEbA AlRE Q=
H| 24 AE =E5617] fleii= AERt 7] s Helof dhgt a2
A7} DA oot Al | = AR OA19E H7] 9 2§ TA el
A S o= Q= B ol B A8 Alw] B A
& 20| wet 71 prgo] 2| Hed 4= glow, A= 7|9t
Ao B & -5k 5 o aQlof &gt e Est vl
o] olof gt =2 ESHA o] 2AS 4= Qlet w3 #| 7] &
A A2 2.0] ¢ thito] vy Ee A7 EA Qs AoR
e, oheFet &g 7149 A9 712 A HA 2 A=
% = dlold g7 ol 5],

A7) AARE A AR A D A=A | A FRP 7]
g A Fe S FF AEE AFE QA Adst=d Slo] =
o g Agsin, olggh eANE FE] el vt 2
o] etE|ofok gt

A A ek 1EA LC HlolE 5 9 A #E3tolth
[6]. FRP LCAS] AlZ]A] @5 floliAl= =71 2 2199 5k
% LCI DBE #5360, =44 E23} 7| Heke] A& &3l =
AA oz A E= 7] vhsto] HlaL A9 AR 2
B3 I 97} Qlck F HA Bk 75T BESH Y A A
77 4% A% npE o]tk FRP LCA ¢17-9] v w754 o
7] fleiA= 715919 E3E BaAolm, AR Eopd
85 et} Asf, a9, S8, s 2ok solAl AR
Tl Bl tigt 7l A7 A -S ANdeor gt uf
Alaf Wk ARE, /7] W AE-g oA mels) st 9 AF
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HeliA = A AR 24 7]Hke] HEY HlolE Ei= Aol

9] tu 7} FAfoln, 7], A Ak T8 2ol = 5 F
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& &7 2AIE oF718kaL Qi whebA] A2 Q) FRPE] 8174 9%

& 7817 St 2024 LCA7F 285 1L Qlk

SR 7HA] 4= H FRP LCA 52 =4 35& 7|jte g
W2 A g 7E o] 7|ukske] 9 9l w5} gl
o} LCrHolE B4, 7159 A o] |Ak AR T A 9
77] W 2§ GA O B o g el T Al = g
oJHEL A1 Ut} 3% FRP«] A3 3H AL Aes] 7t
staL, o] 5 7|Rke. 2 oF A =y gl 75 S 5]
A= =7 Ao “*Zﬁé 1 4 LCT HlolEHo] A 5, 7]
S R A2 A Aol thgt A 25 41 236}
of ARg A, #7] & A2k A AFulolE gt D4
o|t, o] 2 E3| FRPO| A|<&715A o) tiat A7 = Q)= AT} &
20| 7H58}t}. 3% FRP LCAE T S 39712 ol A}
97, ZA2 4TS SAH o= nshs oz BhHg ¢
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