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Fig. 1 Life cycle assessment system boundary diagram of

metallurgical routepolysiliconphotovolatic system
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Table 1 ~ Characteristics of the module in this study
ZH Kl
il R /um 180~200
A RS /mm 156x156
i /kg 0.013
AA A R (A ) kg - m™ 2.13
HIBEIE (AL ) KT /mm 1620.0x986.0x3.2
TR (AL IS ) B kg - m™ 2500
EAEFRHEVA ) B /mm 0.45
EPERTRLH(EVA) B /5kgom™ 955
YGRS HR (TPT) S /mm 0.3
IR fmm 1650X990x50
21 i kg 20
BN A R 60(6x10)
HAFRCRI% 14.08
TAEHfi/a 30
AERIR B B4R S /kWh - m™ 1700
RUPE R HE V.,V 30.7
R R L/A 7.49
FEHEHUE ViV 37.0
S PR LU LA 8.06
BRI PnlW, 230
TAEREE/C - 40 ~ 85
, 600(UL),
RN 1000(1EC)
Fe K HRECHLI/A 15

B TR AR 2% +3
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Table 2 Summary of energy consumption and material consumption in each stage of production
AR BRETR A RETR
e g THAERE G TR S A AR THFER PG TR S
AT B AT B
X H1/kWh 6.00x10°  3CHk[16 SiH./k 5.32x10™
A 16 e ]
(FF K2 kg 5.56x10' POCl/kg 3.63x10°
1 4‘;7:‘) LS /kg 4.00x10T SCER[17] KOH/kg 1.37%10°
t
IKikg 1.13x10? HCl/kg 1.41x107
i F,/kWh 1.27x10' ik 18] HF/kg 1.91x10°
Tl gk . , o , \
ke kW fi kg 3.37x10 Hik[19] _—_ HNO./kg 4.95%10 SCHR
(t]' k Kikg 120x10°  SCHk[16] o 0*/kg 6.19x10™ (17,18,
g ey =
T SBT3 i 5 20~22]
TolkfiE) B 1.95x10° CiHk[20] (1K Na/k 4.33x107 ]
- (T AhRIE) g i) £ 5 41K
HLFE/kWh 4.15%10' FATHEE kg 2.45%107 Yl
Tl Ak THFE kg 1.24x10° Jeok Wi /kg 9.52x10°
AR kg 4.16x107 - Wil kg 3.95%x10°
PAYEZIN
KRB A kg 8.30x10™ ey CFu/kg 1.57%x10™
Z ik 31%E: ke 3.60x10™ M . NaOH/kg 9.89x10™
L= S TR -1 *Haé 2 -5
E 55% A MR/kg  1.53x10 "N TR kg 1.25%10
k.
(1.01 kg Btk ke 1.25x10' . B #E/kWh 1.20x10"
Z k) K/ kg 3.83x10"" - HL A/ 6.00x10'
AR ke 2.10x10™ g Bk kg 2.07%x10'
AL kg 9.78x10™ B /kg 1.45x10'
TE¥ K kg 4.20%10° TPT ¥ Ht/kg 5.66x10™
HL#E/kWh 1.19x10' EVA JiE/k 1.29x10° X
1] . TH ol e ] ik
. TEFIK kg 4.20x10° . BHLRER kg 5.17x107
[ o ) 1:PS A1 . [17,18,
P AP /g 1.80x10™ ol . HIFRINEKRg  2.42%10° 20-2275f1
3 \) o~
. Ak kg 1.00x107 = JoK 2 kg 2.53x107 N
(1kg o A= (a4 5 LHEE
k) Ahies 1.01x10° Hife 411) e 8.06x10™ PyfE
- % ikl kg ' § (TSRS ) kg '
TEAMK
H1/kWh 6.37x10"! 5 Wk 3.11x107°
LZh Aol R £
FEbE Z L kg 2.04x10° TR kg 2.93%107
7 27K /g 4.26x10° {T‘d?‘ Z 2 Ml /kg 6.00x10™
(1K HZE /lkem 1.48x10™" *Efffﬂ R /kg 3.50x10"
R R " Wilkg 4.35%x107 iz fgﬁ L2 (4 ) kg 1.00x10°
BT g 4.06%10° k PR &) /ke  3.80x10"
/kWh 5.06x10"" 5y /kg  8.86x10™ _—
HLFE x S LR & (M ) kg x HR[20]
LR 1.00x10° RGN BLE&EWED ke 1.54x10°
sy Bl Kk 1.10x10° ik it R CREIRI 6.90x10™
il PITHRRE ' [17,18,20~22]] 47~ HDPE)/kg '
(1A kg 430x10* P4l (a4 EM(FDkg  448x100 .
3 p 4 HRL22
T §3 g 130x10° BRI AIfF) YH)ke  2.40%10°
K kg 1.39x107 500 kW i Ecoinvent
N 4.60x10™ .
NH./kg 1.37%x107 WIAR A VL
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FEANCTE it FH 22 00 v 00 A B SO IR 4R 3R
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H AT GR & B 2% E A A, M AR EDCR R G
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W) 25.7% " FRA 40 10 L REFE U R JRL 40 A 7
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Table 3 Primary energy consumption and carbon footprint in

various stages of production

— KRBT FE {30
B (PED)/M]J (GWP)/kg CO..,

KRB Z fnbbsEE " 5.44x10° 4.18x10°
EZ vl 2.42x10° 1.80x10°
CER( Y b 1.99x10° 1.51x10°
A 4.41x10° 3.55x10°
1l 2R 8 AR A 6.85%10° 5.35%10°
EFRAMRRGE AT 2.1x107 1.64%10°

x4 EaAHEMEI—REERERREIT
Table 4  Primary energy consumption and carbon footprint at

various stages of the life cycle

o 514 B B —IKBEURTHAE Bk 23T
(PED)/MJ (GWP)/kg CO»..q

AT B 2.11x107 1.64x10°

ik Be 2.61x10° 2.27x10

B1TR B 3.97x10° 1.76x10°

P mIscab B BBt -3.02x10° -2.32x10°

A AT 1.84x107 1.43x10°
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Fig. 2 Carbon footprint contribution of each stage of production
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Fig. 4 Energy demand at each stage of the life cycle
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Fig. 5 Carbon footprint of each stage of the life cycle
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I e [l Wk e o B T A0 AE T AR A A e 0
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VAR IR R D3R 5 6. IR o) e
FOAR fife I 3 i B 7 A= 1) 6 2k 3 A Bl 2 38 38 /)N T
PR HT EARIEUR R sl ™ AR i 222
A RE B [l ST RS 45 A ] Wi Ak 5 i B 14 RE ek 91 AR Lk
S SN

RS RO AL E M R A — R BE TR H FE RN AR 1T

Table 5 Primary energy consumption and carbon footprint at

dismantling, recycle and disposal stage

Prfire ik & — IR REIRIHFE T R
B Be g% BR 1y (PED)/M]J (GWP)/kg CO--.,
g gasiseill 5.24x10° 3.93x10°
AEEHENCR -3.29x10° -2.55%10°
it I 2% 2.61x10° 2.27x10°*
At -3.02x10° -2.32x10°
WS B W MR N REA

P i = i 1 7 o T G g 1

af»'N Oiﬁiﬁ |'| A A RAE pE AAE
o

% I 0 1™
=

z 5|
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S 15}

A e — I HEIR IH FE(PED)

@ 0 * I 2 WH(GWP)/kg -

BI6  AARHETCH] XA [l Ak 2 B REAE A
(IS UL
Fig. 6 The contribution of material recycling toprimary energy
consumption and carbon footprint at the dismantling,

recycle and disposal stage
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H, —— (004 75 P 11 b 4 A 2 08 390 1 o BH s R o
R 5 A Y 0 {E HORREE B, b, A SO 1615 h
P, — R RGEHE N H, MW, AL 1 MW,;
PR— IR RGLRERR AL N 79.6%
LA, 7E 25 R B W AR R e A A 22286 1) 1 MW
FERDGIR R G R4 K& il 1285540 kWh, I MW, 16
Gk 2 RECIR R R RE L RO 3.98 a.
44 SRS

M 2 M 3 A E A2 i 2R G SO
K BHBESR 2 di ik 5 M2 A 2 2 R DOUAR R ge A
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Xof — Y BE TR T 6 R A 32 45 s 0B RE i v ) T B
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Table 6  List of substances and their sensitivity to energy

consumption and carbon footprint

Vig B XFPEDFE  XFGWPHE
. -
ERETHR  pn R R

o 76.1% 82.5%

S i
KIHREY M 64.2% 62.4%
EA Y i e Tolb ik 34.9% 36.3%
A i 63.8% 67.1%

H1% 6 AT LIE P8 RGO AR
HE IR B RE 2 22 A ik B 2B 7 o B TP A9 Pl g Je Tl
e T AR 2 B2 TR 22t B DI AR 2 8 A6l R H 7 SR R 2
I OCHEMER R . i 6 ATE ), AE A s 2 4
fifk (Bl ST Ak B e B2 Wi 22 b A DTG IR AR 8 L R R oK
T A ) B PEIN 2K o P, 2 AR R GE 0
R SN G B AR AR BT, MR B RERA IR A A4
PP AR SO 5 75K BH REZE 22 ek A 7 By
BT Ak AR r g R0 T A AR A T R ARG T i
A B LG s TR [0S Ad B B B, B B [m]
WA T D7 X, R e R #9 [mDICR M I 35
& 2 i 1 G AR AR 48 26 i Jo 30 1) B8 5 SR A i
AL o
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ANALYSIS OF ENERGY PAYBACK TIME AND CARBON FOOTPRINT OF
METALLURGICAL ROUTE POLYSILICON PV POWER SYSTEM

Yu Zhigiang'®, Ma Wenhui'®, Wei Kuixian'”, Lyu Guoqgiang®, Chen Zhengjie'"
(1. State Key Laboratory of Complex Nonferrous Metal Resources Cleaning Utilization /| The National Engineering Laboratory for
Vacuum Metallurgy , Kunming University of Science and Technology , Kunming 650093, China;
2. Faculty of Metallurgical and Energy Engineering , Kunming University of Science and Technology , Kunming 650093, China;
3. Key Laboratory of Nonferrous Metals Vacuum Metallurgy of Yunnan Province | Engineering Research Center for Silicon Metallurgy and Silicon

Materials of Yunnan Provincial Universities , Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The total energy demand and carbon footprint of whole life cycle, energy payback period of the 1 MW,
metallurgical polycrystalline silicon PV systems in China were calculated and analyzed using the life cycle assessment
(LCA) method. The results showed that for 1 MW, metallurgical route polysilicon PV system, the total energy demand is
1.84x 10’ MJ, the carbon footprint 1.43x10° kg, the energy payback time is 3.98 years. The total energy demand and
carbon footprint come mainly from the production stage, and the influence of the dismantling, recycle and disposal stage
is quite great. During the production stage, the influence of the balance system and accessories production is the
greatest, and the production of solar grade polysilicon takes up the second place. The amount of aluminum, power
consumption, metallurgical silicon and silicon wafer recovery rate are the key factors affecting the total energy demand
and carbon footprint.

Keywords: metallurgical route polysilicon; photovolatic system; life cycle assessment (LCA) ; energy payback period;

carbon footprint



