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Uncertainty Analysis of The Inventory in LCA

ABSTRACT

Life Cycle Assessment (LCA) is one of the method for the evaluation of
environment impact and the measurement of green performance of
products.Assessing environment impact of Product Life-Cycle and guiding the
redesign are the core of green design and manufacturing, which play an instructive
role in the process of design and improvement. With the maturation and
development of the LCA, reliability and uncertainties have gaining ever increasing
concerns by researchers from all walks of the society. In this dissertation, the
uncertainties in LCA were discussed: Firstly, the uncertainty in LCA is classified
according to it’s sources, and the uncertainties of inventory are analyzed mainly.
Secondly, Against to the uncertainties in the inventory, the list data are classified
and the corresponding methods are proposed to deal with the gap data and
inaccurate data. Then, the solved data are scored and the random distribution of
every data are established in the inventory according to the integrated score.So the
sufficient data can be obtained according to the distribution. Then, by the
regression analysis theory, the linear relationship between the inventory parameters
and the final analysis results is established, the major parameters to the uncertainty
can be obtained through the regression analysis to guide for the establishment of
the primary evaluating model and date collection, so as to improve the reliability of
the results in the LCA. Finally, dishwasher inventory has been taken as an example

to verify the feasibility of the measures of uncertainty analysis.

Keywords: Life Cycle Assessment; Uncertainty Analysis; Data Quality Assessment;

Sensitivity Analysis; Dishwasher
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15 Bl A 8 I 2% 3K A3 1Y) 3 3 AL B R A B0 M 0 M D ik o T R E B T e
R v 55 4y N\ 28 B o i AR B S W RE B A TTRR (L, TN g S A
By MEWREEA-

L:

M\

ot
SiEv

J

(4-10)

Qik =

IIMZT’

(,': Lo, Nk =1, M)
BEMEREH—NZEHRMNE, MAE. BEE. GBS TN
SRR NLM, (2, ,zN)iﬂiﬁ)\ﬁﬁy (v, yM)jJﬁqu’ 8, w=(w, ) A
NE BB BEERE, v=(v,) ¥R 5 R 0 BT

3) BT RS 1 BURE 7

HETHEE BRSO R AR, BERESN, 5 29 8ik%.
AR A A 53 B R BEAT A HE HEBURYE AT, I E A

WA R TFHRER T MHAMA S AR E X R, &l
AT IR B B R IS B AN R, SRR LA 45 R
I R OR E Al BN B B0 OB IO S5 S T A M B AT e S R RS - 4
e

i BE A Bl TE 5 R /N A T o T RS A R A [B] R R SR B BL
R Aok, R R A G MR R, WRARLEMNE, W
SR RN S E A RENREXR. BIE S U R
MR bR AE 22 . R FMEARCEELD TRIEM A, AT 50 &5 B e o R
M. WA AP RBE A, WM RHW B R0 E, Sl
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NS B BUR Y . RN S T OREHIT &R BURE A,
BIAE BT A S N S SR B B2 m iy iH B L T, AT RN TN S B BUR 2 0T @
e R AN H ZBIMKER; OXN TIEL BN, ol XRAFLZAN] . Logistic
[ 3 55 05 5
4.3.2 Ay PEBUR A

A ST G5 A BT B 5 1R ] U 43 T vk R A A I SRS o E AT 4
B, DA A s v AT SOR M A i, SIS 7 A, 9 a8 sk X [ U AR
Y25 B 16 51 V3 7 5 R AP A5 20 T & B R R .

7 L —WESL MR uL R AR, BIHSEFRAISSR RILT rARIHEER &
X1, Xo,.., X X EARZR Y BWaEw, [ aRHERPRE—MaERE X G, FlIH
SRR RSy, BRARA BAE XX Y KW AR Q, BIXANHAEE X XY
I BTER . FH i [B]Y3F 7 FSk 7= 5 A\ T R 40T 1) A o B U

St F A B X AE 2 ol B R B AE R/, Bl A R XA A ]
TG Q kR, QRWEX YBIRATRER. 08K, RN XER
STYRIVERI MK B ORI, RRMME XEREPFREAOERBDN. S
FUAFAFR(Q=20)RREHOZHN, LWEENO0E o 2t S (Q/0,Se[0,]])
B MK/, BT 15 & 5 00 B0HE B0 AH o 25 2 PR O

SST = SSR+ SSE (4-9)
O: = ASSR: = SSR — SSR: (4-10)

A, SSE J Y I EEE X\, Xo,..., Xp SPEENEBIERZ -7, SSR 4 [ul)a~FJ5 A1,
O RBGHE X5, RAYXESE p-1ABAEMERNFE 10 R 75 85 50 B 6 1 1
VASE 5 FIBT ARSI 22 4E, B X6 RIH P 5Tk

4.4 KTi/NG;

KENBTHBRHEE I R PR, ﬁ&Tmmﬁ%ﬁiﬁ%%
MHA NS S NEREMT Ao AREN P RE AT e . KT EAEEE
THELHEAREIFBEE T H LR A S %mémeiﬁ HeH T
LB vR, B BUSRME A, TR ERASE R WA AR ENHNE,
M $ S LCA BF & & BRI HAT VRO, JF#é @ T LCA WHot 45 R v SetE
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AL Sl 5 MBS

PR, VeRIMLLE Rk E K RECEIE 70%LL 1, 3 E s LG A
K E AN N EE N . AT EEN EERBEHE] KRR
KI5 . 2007 EFERIEF 109.88 & BN MERNHER D, EH
DL O . H AT ER R e S A A R B STk S, HEFIEHA
HE IR AL . MR E K AT R L, A VRN T vk N £
SEHLRE S OF 9T th Ak R R B .t T IR B YR BB AL PR R B R R R AL TR
W EE, 7R E YRR, EAN S KRR L O EE, i,
ARG SRR E , VR Ve AL A Ay B UTVE A oh R SRR AN a2 .

5.1 YEBEHLIT B0 PR A

R [ P 57 A Lk A S VR L o B 0 %, AL 43 D LR 4 AT
PRSI B4y o T AR I A S IR A b h e AR B . HLAR S A A A A
WavE B E R sh e VE B A o R UEENL LB kAR, P, RIS . HOKAR. Rl
2 WERE . R R R R BN IT R A R R E . KSR 5-1
JTs o

et

K 5-1 X e AL A
S.1.1 YEmibLA: 1y F3 0TV i N R YR

WAEEN B S5 H bR, HEVEBNLRGIA T, ot mipl 4 2 J8 0 5)
Sy 4 AW BE: EAEIRIUN B PEBIHLE X B BE . YEREALAE R dE S B B TG
BNl 25 5 Oy B . YRR HL RS £ B B 1 Bd X LA 5B T SR, AT H
. AWFSRENM S fe s b R VR R AE KRN 13.8L, FEHEN
0.822kWh, VilaE N 8 B vemidl. LAV IEA 2.45W, KHLEE
0.3W.

H T2 S EM I B 20 v, ARG KR EHAFIE FE R R T &7k Ex
FIWER A . B SR 40 BT 30E 4 22 S B ARG &) 5 R 3 1 ARE . ARBIFSER
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HFIRLELN GaBid, 14 A! i 45 0 357 B in s K% IKP WF AT )T R B B 3EIEH i
MU LESFRBE RN R ERN RS EEESR, AU BT R
MR T EE, Hma M aER .

W E XMARRILF, BITWERKE FEZW KRR R B, vEmBiL
WEMAFs R B VB B B YE B i % 0 % [R1ff D9 A Az i A
B BY . ARV BN H B R YR T Gabi BB 8048 s JBA4 B A P2 8030 ok R T A T
FIWER 3Lk M LA T8 (e, 18, %) BRETE™ BH.
5.1.2 PEBHLIE 4 4 26

(1) JR A EER B B

W VBN @ BT R R, B R 5-1 iR

£ 51 BN R R R

EIEERY AL DW 8ps (kg)
AR TEW 15.4
£ 7.3
AR 5.8
LR 4.8
HLR 33.3
EEEE il 1.3
e 1.3
yER] ABS 0.45
PA66 0.03
A 0.02
PP 1.4
PVC 0.02
POM 0.3
R 2.22
3% i 4R AR 0.13
EPS 0.65
a5 0.05
£, 0.83
Ja87n 37.65

(2) & m L B

HE M T B, SARMMAME. B, K. 455, NSRS
T, HMEWAH R, WA XL 5S4m0 m T FREEIT B WE, sk
5-2 Frac, At A0 n ek R 1R SR S5 SR B A o6 A TT S B B
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# 5-2

e B AL B 1 i

T2 LTI
g 0.4kwh
WIH AN 10.34kg
78 1.54kg
) 0.45kwh
R AR 2.80 kg
R ELEIR 1.80 kg
- s 0.2kwh
% 1.28kg
H 1.65kwh
shiE NG 4.0kg
ARk 1.15kg
i, 0.3kwh
W NEH 6.0 kg
IR 0.0.17 kg

(3) HALH B
R BEOSBEMAE 52 Pras, BN 1.317kwh, HHE K
4741.2kJ.

R RS
| [ [

@ it

itk B SpilN

— okl H
Kok KA

Bl 5-2 vk R HL e A ik 7
(4) B
% H b= S A RTB B, BRI bR HETR SR FEHL B8 0.822kWh, fFHLINZE 2.45W,
KA R 0.3W, PRk E ) 160 204k, FEKEN 13.8L, B RMEH K, —
TES- 4 R Bk 280 Wk, fERIAFArA 15 . SR B9 wnE 5-3 fiox:

36



(5) Al B

IO Bk S R A T3 v, MR EBEREALIE 0, SRR FT ARl
Bl #4 Rl SR B A J5T 2R 28 8 4 [ i 25 10 8 2 2 e i B ) b B 7 5

53 AT B 1L

LN ZH
g 3617.4kWh
K 57960L

#* 5-4 [FDBCEY B g A\ B

LTI SH
ABS 0.45
Lise 0.13
PP/EPDM 2.4

w 33.25

PA 0.06
PVC 0.02

5.1.3 YLREALEE BB S PR
HTMABER A ERMEEENERE, FHl, sl mil L ar A
MEMBENEREER—E, 2 AMBEMEE

P AT B AK G T .

R 5-5 YEHEHLE A\ 5 H0IE IR

L4 BAEFEIEFME | S8 TRAME
NG (2,1,2,2,1) 1.5
% 2,2,1,1,1) 1
R 2,1,2,1,1) 1
A ELARR 2,2,2,1,1) 1.5
e (1,1,2,1,2) 1
T 4RAR 2,1,1,2,1) 1
& EPS (1,2,3,1,1) 1.5
kit 4% (1,2,1,1,2) 1
B PAG66 (1,1,1,3,1) ]
PP (2,1,1,2,2) 1.5
POM (1,1,2,1,1) 1
PA 1,1,3,1,1) 1
ABS (1,1,2,1,1) 1
PVC (1,1,3,1,1) 1
AR (1,1,2,1,1) 1
" iy (1,2,2,2,2) 1.5
/K (2,1,2,2,2) 1.5
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(1) R AR FE 5 REFE B L &
e BAS = T A A1 (W 300 R VAR O vk, IS SR OISR B HEAT W00 M E PR VP
i, B TR MWL 5-5 B,
(2) PEBEHLTE 50 B2 4 A
W =ERMP IR T, 85K 3-3 5K 4-1, BHE 5-6 irtliEsy
4 % .
*5-6 MM ELYRERERER

MES | A | BUEESE | SO ERE | (p) Py | s
B X (2,1,2.2,1) 1.5 (3,3) 15% | +15%
Bk X (2,2,1,1,1) 1 (4,4) 10% | +10%
7 3 () + ()
kR X (2,1,2,1,1) 1 (4,4) 10% 10%
RELRR | X4 2,2,2,1,1) 1.5 3.,3) 15% | +20%
i Xs (1,1,2,1,2) 1 4,4 10% | +15%
LR X (2,1,1,2,1) 1 4.4 10% | +10%
1,2,3,1,1 1.5 3,3 15% | *15%
ikt EPS X7 ( ) 3,3) ° o
o o Xz (1,2,1,1,2) 1 (4,4) 10% | +15%
PA66 Xo 1,1,1,3,1) 1 (4,4 10% | +10%
PP X0 (2,1,1,2,2) 1.5 (3,3) 15% | +15%
POM X (1,1,2,1,1) 1 (4,4) 5% £10%
PA X (1,1,3,1,D) 1 4,4 10% | %15%
ABS X1 (1,1,2,1,1) 1 (4,4) 5% +10%
PVC X (1,1,3,1,1) 1 (4,4) 10% | +10%
ek | X (1,1,2,1,1) 1 (4,4 5% £10%
e X6 (2,3.2,22) 2 (3,3) 30% | +30%
P 1%
ek X X 232.22) 2 G3) | 30% | +30%

5.2 YCBHLHT A ol 4 5 UK PR br

TR W PR B A J5, 18 HOE 3R 4 A 28 1Y % B B AL 3 DLt
SIS s R . WX TR T AR S HE s wAE, B 5 R
PRI AHFE AR REMRENEMELRZE, FXNEEE
Z )RR R GEAT 43 My, N HTE B GE ot 70 i ik i st S B E vt 3L (SPSS),
FH 0 [V 53 A 7 TR vl B 8 S 1 P s D YA AR Y, S [ YA B R R AT AH SR R B .
5.2.1 Gt Hrk#F SPSS B+ 4

A A O K ST R4 SPSS19 R HEAT 8L, SPSS B Statistic
Package for the Social Science, Bfl “#t & RI¥ Gk M4L”, © & —MNEHRI &
BRI oS Rl EYRe T — Gl &Rk, HARH A
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FEZE A PRI, BB E DM SPSS A RMINE L. IFAEE HE
P 4 W A7 ¥ SPSS i

OLAP Cubes i #: ML ER, WHEMSUHE. et e s et
ATIAT < 1eH BRI KRBT HZ. FHAG. OLAP Cubes SREM ELIEA
X Hh -

OL AP Cubes options;
Digest variable/options;
Grouping/options;

Case Summaries T f2: XA B @ RNHITIEXKIER, FHITEHNK S
H&E. EAEAGER N

Case summaries options;
Variable/options;
Grouping variable/options;

Case Summaries in Rows I #: Xt REER A E X, FATH BAHNT
it &, mMaixAKL. ZdENFEEEAERA:

Case summaries in Rows options;
Column variable /options;
Terminate column variable/options;

Crosstabs T #2: X EMHRHH#THMEHHHEESRE, BB, ZdEK
FREIF I WS

Crosstabs options;
Rows/options;
Column/options;

Line W F: HifE£kId, EIRHIE DA B MPLIE R BB LR &l
FE ) AT ) JE 500

Line options;
Line definition;

Ik K E Rl SPSS i Fi.

5.2.2 WAL ISR 1K) g 5L AN s S U A AT
IR  T01 REAT A G T v R D B SR B AL A HE AT [ R R A
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i LR BB R 0 A, RAF AL BT . 85 ARG B B B LD [N A 4y
i, N SPSS AR SHLIZE R . BEA/HEEHTENX (5-1), XHRINE

ZM KT a=005. FJGHZE DML RINE 5-7 FiR.
Y =149.016+90.215X1+79.117X2+50.333.X3+32.105X 4

+0.0189X5+0.0211.X13+3.225X 16+ 0.033 X 17 (5-1)
R SUBEA Yot R 3K R2=§§§=1—§§§ (5-2)
ALY F R 5 F=% (5-3)
MSR Sy [a] 13 38 75 - MSRz% (5-4)
MSE 3y 5% 33 77 MSE=5§§ (5-5)

FEAR Y ERZB R =0.92579, F =30.64, Fa(p,n—p—1)=19.43 81 F > Fa .
WERBE, MAFEREEE. #iE 57, BEE X, Xao Xa. Xeo Xso
Xis. Xy XX YyYHHEEEEW, b X P=0891F K, HEEZEKF
Lo Wi, WMPTAEMSEUHERT M, ZHARRNEEREXD.

£ 5-7 [FRRBEE

Model Unstandardized Standardized . Sig
coefficient coefficient
R 149.016 2.255
X1 90.215 0.611 56.711 0.891
X2 79.117 0.375 13.336 0.456
X3 50.333 0.239 10.118 0.370
X 32.105 0.074 : 6.549 0.275
X3 0.0189 0.016 1.124 0.042
X3 0.0211 0.018 2.217 0.131
X 3.225 0.058 4.649 0.275
X 0.033 0.027 3.799 0.214

K 5-8 JiFkshik

Source of Variation SS MS F p
Regression 47.20 6.74 30.64 <0.0001
Error 3.78 0.22
Total 50.98

40



TFIENMTEE RN L 5-8 Prom. MSE=022, MSR=6.74, IX/ANELR—3t40 4
§AMHE: Xiv Xov X3 Xao Xsv Xu. Xy Xv, HS5HAMEFME, X
HZ I A EEB KRR E., KRR 5-7 ME 5-9 BB I bR v R B0 R [9] 1H
S RBT e, AT A EEMEHET N Xi> Xo> X35> Xa> Xie> Xi> Xis> Xso

& 5-9 W [P1AFT5 A

513 9] SO/ O)
X 350.017 0.3927
X, 171.105 0.19199
X3 136.911 0.1536
X4 57.777 0.0648
Xs 36.822 0.04132
X3 41.175 0.0462
X6 52.316 0.0587
X1 45.101 0.0506
SR (A SE TR 891.224

FEEEP TR, RRXERTRERTIBRKHIARET Xy X2 X
H Xa, HHIE 75%. Bk, AEM. Bk BUBCM A FLARAR BB TR X S5 R
AH R BRI W . T HLRERIK A2 X 45 SR AR 2 PR B K R
DR e LA i A 30 P AL RE AR BB 5 A A g ok, ULBMLAGavkR T 5
FERA S MR O, RS A I PURMAE R SR O, AR A > RO 4
BRE LS EWBEBLN HF . X3 A XsEl ABS FI4LN &5 AT E A B &
M. kel kn, ERRHZET, RORINEGEN T AME S MRIEXIZX 8
ol bE R 0 2 AT WO
KHE X (4-7) " LLE#SIAHE Y RIE R, H AL AR ERER:
AY =90.215|AX1|+79.117|AX 2|+ 50.333|AX 3| +32.105|AX
+0.0189|AX 5| +0.021 1| AX 13| +3.225|AX 14+ 0.033|AX 17

YA, AN (4-7) g BLiH 5 R AL R E .

(5-6)

5.3 AR L%

7 DLV B AL AL iy B IO PE AR R S AN s B AT A, XA SO ST
(1926 i J8 V7 A0 mh s S AN B e W T VR EEAT T 3R . 1 SE X UE B LIS LA
it 5 f AT R (G VEAL . SRS 0 O AT 2 RS R A BE A e B R 4
Ay BESLIHVH A HT R, B AL R B 0 A 8 P IR N R R S R
Mo 33547 BB PE 2 Hr . A5 HA R 5 SRR s R R O BB R AT 2
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MGG

g

TN

6.1 X RMEG

B & 2k A A I VEAN O v N R B R T IR R, LCA B 2B 1 1) R R
KBZHNHREMWRE. I TR IS R SN, Ada AT P rA s
SEME BT K SF B WESE A IR . T A R AN b 3 R 5] R A A
EMET AR A SO R B T AR R R AT e R Tk,
UL, AFAFETERANELERE:

(D PR A AN T A et S K. 5 LCA Attt X,
F£XF LCA AR A E HEARH R IEH T 02K, HE S IE AT E.

(2) G047 T 15 AN HG 8 MR R R RO UR, X 803 3R 47 90 28, o xd Jui s &
MEAREBERESSHEAGE T BN A eEdEnTkRE, &
WG FE Y4y, 5 SO BT AL A 3 Ok BE AL 2 A o EOH A 1 vE AT BEALBERL

(3) AEABR AT ARG ERGER PR, i A
AR, HEERWBSHERAGERZBIWMEEXRAR AR ER, @
i 91 UE S 5 AR AT, i K S HOT B A S RIEUR AT 24T, B A
FIVEM PiE s A G RO EtEMEm, b LCA RS E VK, 185
LCA BB AT SE 1.

(4) 18 F <] 5838 7 it A A B VR AR oh e BN 0 VE A AT T VAR AT AT A .
6 T UL B L AE S B8 A1 % 7 VA RT ATk B s

6.2 THERHE

& A F A VRO I B 90 A BN R D AR PR IR, A Ay B I VE AN R O A A AT
MR o7 5 AR X BB, 1R 22 45 5C LCA AN s PR B 90 S8 A 13 2 5 B 76 2L Al
WHRIZWAELE |, BERNXF LCA AHE MU N T LCA IIBF5EER 2>,
AN . AR EERME B8R T EESEXEIE, 51ERH 2, Bf
RAXE A FH, BEH T L ERMERE KA, APFRVIRIFAV 2 [ E,
BRI — SR, BdiEE, K EEAH.

(D) B AITPN T, HRONFEEREMNEY, RABENIIIKETIRZ
B, (HARA XL B A AR RN T AN sk, Ik, AEm
FEM R BTN R LCA R — N EREH .

(2) A RFIRTH DB SHERS LCA &R A e, HAFVE
iy, HEESERESMHNESRERPIAH Y, M, B A8 etkN#E
F Rk I A S G A AN L @ MEVE A R s AR — AN T 1
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