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Calculation Method of LCA Parameters for Green Design and Assessment
Collaboration of Electromechanical Products

YAN Meng LI Tao YANG Chen WANG Mingyu YANG Dongdong

School of Mechanical Engineering,Dalian University of Technology,Dalian, Liaoning,116024

Abstract: In order to collaboratively analyze the green design and assessment processes of electro-
mechanical products, the correlation mapping between green design and life cycle stages was estab-
lished using the modeling method of multi-domain correlation of product design domain, life cycle ac-
tivity domain and environmental impact assessment domain. The life cycle activity domain was corre-
lated with the environmental impact assessment domain through the calculation method of life cycle
assessment parameters. The LCA calculation tool was developed, and the calculation method of LCA
parameters was applied to the whole life cycle stage of product green design. When the green design
information was changed, just adjusting the corresponding parameters in the calculation tool, the en-
vironmental impact could be obtained after the design information was changed in real time, so as to
help designers to re-design the product to green design. CWT3300D-165 wind turbine was used as a
typical electromechanical product for application verification, and a product structure tree was estab-
lished to calculate the environmental impact of the whole machine, components and parts of the prod-
uct. From the calculation results, it may be seen that the two first-level components, foundation and
nacelle, have the most serious environmental impact and need to focus on greenness in the product de-
sign stages and improve the green design scheme,

Key words: life cycle assessment (LCA); multi-domain association; function-structure-material-

process-transport (FSMPT) model; parametric calculation
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Fig.1 A figure outlining the components of multi-domain association model
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Fig.2 Product structure tree model
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Fig.4 Life cycle impact assessment model
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Wil 25 R AN 4 Bz, baR BB s 09 s AR
EWFEs~F 10, 2 LCAHATHETEZE,
REN = G S AR W R

Woa={Ii+sO0u s D } an

In= (B, —2.43X107), (f77,2.69X10%),

(RIRA,2.54X10%) )

Oou = {(CO,4.54X10°),(CO,,1.16 X10%) ,
(S0,,2.28X10°),(NO, ,2.25X10%),
(CH,,2.20X10°),(H,S,6.42X10%),
(HCL,2.11X10"),(COD,2.89X10%),

(NH;,3.91X10*),(CFC,;,5.00X10" ),

(CFCyy»1.00X10 *) . (CFCy5,7.00X10 ")}

D,..={(PED, —26 030.75),(GWP,7965.79) ,

(AP,3174.8),(EP,24 368.57),(POCP,18 527.33),
(ODP,0.17)}

LCA P TR T o 5 9 P8 2R 1 7

JIT 7R Ay DRI A5 350 A A 538 5% Wi %o B 5% 5% 1) 5 ik
FETEW . & 8 /R T X IR EE B A K RT 19 4
FEHRAE S LA S 6 T B 45 4 A o i % ER A 1 B 4 5
M AR A O . B9 B T R & F ML A i 45
B B 1 P 5% 52 i 1 100

HoAZHH RS L2, B S (UB/RT 1 %M 2
REAE P 8 AT LA . 1 RE A I
M) 5 A ) A L L L o L 66.34 %6, HE R JE AL AR B,
di b 17.51 %, 5 A e /N & AR A 5 o5 B 0.05 %6,
GYAT 2 GLFEFRA 1 X b SR T LA L S e d R
B2 FEMAET R Lok 2.0 5 3, %
14.01%,

M 9 AT LLE H .z ) & B LT A R R
IR BT 5 i i R AT 3 AR Sy - 3 L
O R B R, 1 20 b LR S Ak
(EP) F16AL 27 10 55 (POCP) 3 9 28 BR 455 5% i) 57 fik
BB KL A3 Bl 17 125.16 1 21 831.86,
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Tab.3 BOM of CWT3300D-165 wind turbine

o otk B | R Ge| Es | O g T ek
32 4 B B (km) %)
1 B SR | 48 397 | A ~»-Bi-C-D| 150,3100,200 | %7258 i Ze e 64
1.1 5 3 2 55 BN Ak 35400 | A;-B;-C-D | 200,3100,200 |4 iz 5 1 T PRI AL -4 ) 4 B 60
1.2 i B S R R Bk 343 A1-B;-C-D | 200,3100,200 | $¢7Ei5 % [ S| T 81
1.3 S =Y Y 5 4 737 A,-B;-C-D | 170,3100,200 |4%7E 5% FL23 HE R Y 50
2 HLAR S % HERE | 98 913 | Ai~5-By-C-D | 142,1800,200 |4 sk E e 73
2.1 il R ik 22 264 | A;-B;-C-D | 220.1800.200 |7z BE-4h 77
2.2 P S AE 2 Pk 497 A1-Bo-C-D | 220.1800,200 |48 4535 P i RO AR 4 59
2.3 F ALY ik 26 814 | A;-B.-C-D | 220,1800,200 | %5754 Vi 3 TR AR 4 82
2.4 KA HLIE AL ik 3085 A1-B,-C-D | 220,1800,200 | 445 it B 4% 84
2.5 B am 430 As-B,-C-D | 340,1800,200 |87 iz fi g&ﬁiﬂkjﬂ%ﬂi#kfﬁmi 51
il >t
2.6 H, 5 1 4 Bk 146 A-Bo-C-D | 220,1800,200 | %% %435 % 5 1 UE AR B2 85
2.7 | IRAEAETAME SCEE BN | Bk 1922 A-Bo-C-D | 220,1800,200 | %7435 i 56
2.8 HLAE B A gL 3573 Ay-By-C-D | 460,1800,200 |14 iz 4 Eé{%«fﬁkﬂ& 76
2.9 B¢ ¥iis 5k 160 A1-Bo,-C-D | 220.1800,200 | %575 T 55
5 3 T IR s R Ak B -5 L
2.10 Ve AH B i 29 000 By-C-D 0,1800,200 | P45z ki | IR B 5 R G ARl B - 52
W5 U4 B 4
2.11 e 38 i ) 2 2 R 82 B,-C-D 0,1800,200 | R4 ZH S Ay 76
2.12 KL A 9800 B:-C-D 0,1800,200 |48 %35 i J A 68
2.13 | RAHLEME S Bk | Bk 16 A1-B-C-D | 220,1800,200 |14 iz 4 1 ROE 74
2.14 HLAG AR Bk 450 A1-B,-C-D | 220,1800,200 | %% 718k 28 W U 75
2.15 HUARAE S ik 54 A1-B.-C-D | 220,1800,200 | % 4 izki 5 3 ST AR 42 74
2.16 HEED (3l 25 Ay-By-C-D | 510,1800,200 | 52215 % Y8 U 69
2.17 HLAR P93 11 4 T 150 By-C-D 0,1800.200 | 5% %38 fi J Ay 61
2.18 fea ALl B 2 % A 322 B.-C-D 0,1800,200 | $%7EBH I A 65
2.19 A3 W=y I 158 B>-C-D 0,1800,200 | 7B i 84
2.20 | TR K Jam A Pk 3 A-Bo-C-D | 220,1800,200 | %% %355 B3 WUE IR 4% 10
2.21 R P& T 5 B>-C-D 0,1800,200 | %% 435 f it 10
2.22 CO, KK i 5 B>-C-D 0,1800,200 | 4B I A 10
2.23| CO K kI Bk 3 A1-B:-C-D | 220,1800,200 |45 735 % 5 3 NOE AR 42 60
2.24 e T Al 4 L AN 14 A;-Bo-C-D | 380,1800,200 | %% %435 B HETE B 60
2.25 SORCH S ik 6 A1-B-C-D | 220.1800,200 | %% 458 i P 1t BUB 48 4% 75
3 Py B | 220 000 | Ag-B;-C-D | 210,2360,200 |45k A AR 75
3.1 B Q235 55000 | As-By-C-D | 210,2360,200 |44 i5H M A AR 75
3.2 B2 Q235 55 000 | As-B3-C-D | 210.2360,200 | %575 AR AR 75
3.3 3 Q235 55000 | As-Bs-C-D | 210,2360,200 |4 sk A A AR 4 75
3.4 W 4 Q235 55000 | As-Bz-C-D | 210,2360,200 |4 sk LR TR SR 75
4 ke KRR | 67200 A7-B,-C-D | 360,1500,200 | %4 izk T IE 80
4.1 MR 1 PR | 22 400 | A;-B,-C-D | 360,1500,200 | 4% %432 b B R BLIE 80
4.2 R 2 PR YE | 22 400 | A;-By-C-D | 360,1500,200 | 484154 BB 80
4.3 mE 3 PEES LT 4E | 22 400 | As-By-C-D | 360,1500,200 |57 5k IR E 80
5 AR A i 5000 B;-C-D 0,2600,200 | 5% %38 fii Ay 60
6 Hiy WA (6 651 600 Ag-Bs-C-D | 170,1060,200 | 4% %5 % BT 75 4% 5

TE D3z il A $8 5 R R OB B i b 2R, o A G=1,2, -+, 8) 248 JFURFRE AR BB B A [ fr 3t 3057 58 L 25 — B B3 i I 19 2
R SRR R S AT 43 BE A9 ol T 8 /NI 43 Bt A28 TIC 1k R B s AR A il ZIEB'CXTJ: B PR R IR T =B B B B i b AT B A
3 B B b B B R By =12, -+, 6) JZ 15 1 I BEAS (] 9 b B2 07 5, 33 4% R — 90 2 4 I 38 i B 9 SR — B Bz %IJ'T"G:‘*
P B T T G2 B B A TR 5 G2 R C R R Y B A B G2 R D AR U B b B AL B 7 B B
b B A T G A [l S B B A g e e S A B R A CL D BB R = I B T EE AR . @ i T CWT3300-D165 A
W3 R ML= A T R A AR RAUR AR 1 902 GBI BT T 8 00 = A I8 6 B B 12 I R 8 R R T A B s
R 2§ 2 FOBR L% T 9 s B 2
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Tab.4 Environment impact for key components Tab.7 Tower background information
PED | GWP AP EP POCP |ODP T ) B RS AE iz i KA [ &1
k| 79.45 | 124.21 | 71.51 | 408.06 66.11 0 (kg) (kg) (kg * km) (kg)
HLAE B | 501.76 | 1608.95 | 899.29 | 5405.40 | 552.48 0 I 1.25 3.81X10°7 146.748
1 B | 491.20 | 946.70 | 544.05 | 3120.04 | 460.79 | 0 A 7.56X10 3 2.23X 1073 0.239
iR [2178.89] 176.31 | 130.08 | 584.17 60.74 [0.17 KIRA 2.62X10* 4.06X1078 0.083
RS | 10.70 | 3.43 2.35 11.56 1.16 0 CcO 2.46 X102 1.13X107°¢ 0.038
HiE 3332.23]6160.83 |2916.64 |17 125.16(21 831.86| 0 CO; 1.81 1.5X10°1 3.446
;E 5 %Eﬁ%iﬁiﬁ*& SO, 2.89 X103 1.34X10°7 0.657
. . NO, 2.65X1073 1.839 99X 106 0.620
Tab.S Hub background information - . -
CH, 1.22X107° 5.32X 1077 0.639
i L) B PRERE 32 4 B e T8 H,S 1.76X10 4 16610 10 0.002
(kg) (kg) (kg * km) (kg) HCL 5.22X10°° 1.05X10°° 0.061
S 1.76 3.81X10°7 133.485 COD 5.21X1073 2.02X10°7 0.007
awli] 3.77X107° 2.23X10°° 0.218 NH; 1.07X 10" 3.69X10 11 8.94X10 1
KAKR 2.89X 1076 4.06X 1078 0.076 CFC-11 1.30X 10715 3.73X 10720 2.00X 10715
CcO 2.41X10°° 1.13X10°¢ 0.035 CFC-12 9.13X10713 1.89X 1071 [2,49X 1012
CO, 1.49%X10 3 1.5X10 * 3.135 CFC-13 1.19X10 13 1771071 |1.85X 1013
. — y = - -
SO, 3.60X10 1.34 X110 0.597 x8 THRELSZHHIE
NO., 3.21X1078 4.839 991078 0.564 . .
= — - - Tab.8 Converter background information
CH, 6.46 X105 5.32X 1077 0.581
HCL 9.84X 1078 1.05X 1077 0.056 (kg) (kg) (kg » km) (kg)
COD 5.20 X106 2.02X10°7 0.006 s 1.76 3.81 1077 133.485
NH; 1.12X10 7 3.69X10° 11 |8,13X10 " £ 3.77X107° 2.23X10°° 0.218
CFC-11 145X 10718 3.73X1072  |1.82x 1071 KB 2.89X10° 4.06X10° 0.076
CFC-12 1.02X 1015 1.89X 1018 2.26X10"12 CO 2.41X107° 1.13X10°6 0.035
CFC-13 1.21X 1016 1.77X 10718 1.68Xx 1013 CO; 1.49X103 1.5X10°* 3.135
s s SO, 3.60X 106 1.34X10°7 0.597
F6 HpE=FAHNE - -
NO. 3.21X10°° 4.839 99X 106 0.564
Tab.6 Nacelle background information CH, 6,465 10 532%X10 7 0.581
5 24 ) R R B SE B T2 K H-S 1.87X10°7 1661010 0.002
(kg) (kg) (kg * km) (kg) HCL 9.84X10°8 1.05X 1077 0.056
it 176 3 81X 107 135.599 COD 5.20X10°° 2.02X10°7 0.006
—7 —11 —4
o 5 77X 10— 2235105 0.921 NH; 1.12X 10 3.69X 10 8.13X 10
CFC-11 1.45X10 18 3.73X107°%  |1.82X 101
PR 2.89X10°° 1.06 X108 0.077 2 ;
- - CFC-12 1.02X10° 15 1.89X 10718 [2,26X 10712
CcO 2.41X10°° 1.13X10°¢ 0.036 — — — —
CFC-13 1.21X10°1 1.77X1071%  |1.68X 1013
CO, 1.49X10°° 1.5X10* 3.185
db 2 = *
S0, 3.60X 107" 1.34 1077 0.607 ®9 WELTRFRUE
NO 321%10 6 4.839 99X 106 0.573 Tab.9 Foundation background information
CH, 6.46 X 1076 5.32X10°7 0.590 B ) R B R T 25
H,S 1.87X10°7 1.66X 10710 0.002 (kg) (kg) (kg + km) (kg)
HCL 0.84X 108 1.05X10°° 0.057 PO 1.68x10 ! 3.81 X107 2.29x1071!
COD 5.20% 10" 2.02% 107 0.006 EeRLl 5.47x10* 2.23X10°° 3.03X10°°
SR —5 - =5
I\H_I3 ].12><]077 3.69><]0711 8.26><1074 j(?ﬁ‘h 9.00><10 406><10 8 105><10
CFC-11 1.45% 1018 3731072 [1.84X 1015 co 161107 L13X10°° 0.066
(). —1 [ —4
CFC-12 1.02X 1015 1.89% 10715 [2.30x 1012 CO: >.84 <10 1.5x10 0.901
. y 1 . 7 B 5
CFC-13 1.21X10° 1 1.77X1071%  |1.,71X10° 13 S0: 1.9010 1.3410 8.310
— = e NO, 2.79X 1071 4.839 99X10°6 |7.84X10 5
0 P i g & - - .
HT L 9 ATRT6E PED SR £ A Y St J b A CH, 117X107° 5.32X10° 7 [8.07X 10
FRECB BL , R R il 1& B B s X GWPLAPLEP 5% H,S 1.73%X 107 16610710  |2.36% 107
BREE e RIS 2 B, I I e 347 7= & LCA HCL 1.79X107° 1.05x107° 7.75X107°
N - o < COD 9.94X10°° 2.02X 1077 8.43X10°7
Gy BT AR W6 RIS F B B A B X POCP : i
R R AT 1 2 s T 5 o TE A NH; 1.19X10°° 3.69X10 11 1.13X10°7
DAl NS A . =
SURRIE SR 02 1 5 9 B 5 KUBIL A i 1303 9 A5 ) CFC-11 9.10X 1017 3.73X10°20  |2.52X 101
BeXt ODP 89 5Tk BEAR /N, 7= b fif FH B B A [ i CFC12 215X 10 18 1.89X10 15 [3.14%10 16
B Bt %t 6 25 BR824 AT — i AR VR . CFC-13 | 8.46x10 19 L77X10° 1% [2,34X10 17
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Tab.10 Blade background information

SR/} B PR V€ T2 Hi B e TR

(kg) (kg) (kg « km) (kg)

s 2.66 3.81X10°7 3.591 96

PaR( 38 2.23X1077 5.8608 X103
PN S 37.4 4.06X 1078 2.033 52X1073

CcO 1.05X10°% 1.13X10°° 9.4128 10"

CO, 2.1 1.5X101 8.436X 102

SO 5.97X10 3 1.34X10°7 1.607 28X 102

NO, 0 4.839 99X107¢ [ 1.518 48X 102

CH, 8.86X10 % 5.32X10°7 1.56288 X102

H,S 1.92X10°° 1.66>X 1010 4.5732X 105

HCL 8.76 X107 1.05X10°° 1.500 72X 107*

COD 7.93X10°* 2.02X10°7 1.633 92X 104

NH; 9.84X10° 3.69X10 11 2.18892X 107
CFC11 | 7.62X10°° 3.73X10 20 4.884X 1017 AR IR R K
CFC12 1.64X 1078 1.89X 10718 6.0828 X101 Fig.7 A pie figure showing environmental impact
CFC13 | 1.03Xx10°8 1.77X107 18 4.5288X10715 of components

8 EHMERXHEWEEN 19 M FME

Fig.8 A figure illustrating top 20 components with the greatest environmental impact

B9 RHLIRE ML R

Fig.9 Summary of the potential environmental impact of wind turbine
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