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Life Cycle Assessment of Electricity Production from Water Hyacinth

YE Xiao~mei, CHANG Zhi—zhou, DU Jing, YAN Shao-hua

(Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: The electricity production from anaerobic digestion of water hyacinth is an important technology. According to a case study in the
experimental station of Jiangsu Academy of Agricultural Sciences, located in Changzhou, Jiangsu, the methodology of life cycle assessment
(LCA )was used to establish inventory of emission, and assess life cycle environmental impacts of electricity generation from water hyacinth
based on production of 1 MWh as a functional unit. In this study, three sections were included in life cycle: (1)pretreatment of water hyacinth
(including broken to pieces and solid-liquid separation), (2 )anaerobic digestion of liquid and solid residue from water hyacinth and elec—
tricity production from biogas, (3 )compost of anaerobic digestion residue and utilization of digestrate and compost. The impact indices of
global warming, acidification and eutrophication were 2.1x1073.4.89x10721.98x10™! respectively. Compared with the electricity production
from the conventional fossil fuels and energy crop, fewer pollutants such as €C0,.50,,NO, were released from this altémative technology.
However, life—cycle efficiency(0.09) of water hyacinth for producing 1 MWh power was lower than that(0.119) of the energy crop. The re-
sults suggested that the decrease of consumption of fossil energy in the processes of anaerobic digestion, and reduction of ammonia volatiliza~
tion in composting and field utilization of anaerobic digestrate could significantly increase the life-cycle efficiency and decrease the environ—
mental impact indices.
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Figure 1 Life cycle assessment boundaries of electricity from water hyacinth

iR S e Ak IR S BRE TR, 8 — A ThRE
DEF= o, TR EANE 33.20 ¢ Bt /K EH A B, SR
235.69 kWh, B J1 A F=id AR V5 ey (g HE L% 1,

® 1 EAEFIRE R

Table 1 Pollutant emission of electrical production

HRYFEA  HEERke kWh BRWIH] R E/ke-kWH!

CO, 1.07 CH, 2.60x107
SO, 9.93x103 NMVOC 4.87x10™
NOy 6.46x10° JH<k 2.02x10*
CO 1.55x10°

2.1.2 REREEN B

(D)KFEF BRI IR E R BE

KB IR B 94.5% , BT f K B 77 2 [
4y B 5 K45 800 kg TR IF, #F K7 COD.SCOD,
MLSS 435124 :11~13.7.5.2~5.7.8.3~10.1 kg-m>, [A] i}
FK18 200 kg BHIKER 80%MFT R, FiKEA 84%, 5F
FEIH 2T BRI A CSTR 88, HTR # 3d,
i 5.0 kgCOD-m-d™ , )\ CSTR £ i i97E
WHEAC IS — ARG, 7EI R R o, SR REAR
HIR I — B R T HE H

BETTP=SERN 034 - L7, BEEE RN 60%.

KB EITIRE R B AR, HERHR A LU R R
N A% N BERE TR B AR B ) TR TR S P A s
PR fT8E, TE L — 1 ShEE i FFEdE R 96
kWh, 48 & BB H 9.6%, 7R TEBTIBRER
RF =< E W 1% 5",

(2)7/KFHFH R IR ALK B

FKFH 7 455 e i R FH 98 8 R ) 35 % ) o =K R A R
AREBELZL,KY TS &N 6.6%, B & 30%, KM
2rh TS ¥R N 6.4% ,SHT 2 38 d, [ B 10:1, (5]

AR AR 2 d B3 1 IR,

KBRS &N 0363 m kg, FHiE & &
H 60% , FKE T R IR E R B R, BB R
TEHEFEI T, KRR R E TR, TR —A
IheE BN HIRER Sl 67 kWh, MIRESEBNE=R
B 1%it.

(3)7KH P8 = iR A

ZIRELBRNEE, W 1-2d GRABERAE
EHERE VL R AR A T, SEI WIS HEAE T A2 CH..
NO, . NH; HEB& 4> 510 107.52.335.44.2.20 kgt it
A, HERE P8 B T EHFE S, R P A i
ERRIBITHHE, P78 B — AT RE AL 5 Y FE R
4 5.77 kWh,

(HBREH

AR EREEERE . SXRBERTRE
2.0 kWh, 381§ 1 MWh B8 ), TR EES 500 n’, B
PEHES R B AR KB & 33.29 1,

FIABAEEN, HAP HS WEERSE
20 mg-m™®, {FRELTEHLEEH B KB RER, N4
FELATHRESA M R A B R A SO, BN
18.82 g,
2.1.3 HBSHEBARVEKRBREH

RS TR A PUIRAR Wi F r= A 3R 5w &
ok WA . — R ABR S BEAEEIEE L
HEARLEIVE AR , i 5 2 R ) PR 7 A 1Y IE TR ), — >
1 MWh ZhRE A TR b2 2 B B SR 0 2 3
1 50.40.15.40.136.21 kg, 2 B Em LR (F
2), B HBHA TSR YERLE 3, Z—FEET
BREBBEAVIEYFZ S LEHIBPFES
FMHEEBR , KK BHARN 10%1, 4555 4.68
keNH;, BRIEAKRHE, BER2EEMELU KL COD
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GRBRE, SRR, 23 Ak i o CH, NO,
HEfl , ARAE PO DU VB RE 5N EEY L G
MBHE , HHE H— A ThEE BN = 5 T I W AR
Ja, BTy imey e His e HEBOE 808 CH, 10.25 g,
NO,42.48 g, SHRYHFT B HZFE 4,

2 LIBEFEIE

Table 2 Life cycle data of fertilizer production

gp PR HiHOR g ks
; MJ-ke'  HC €O PM, NO, SO, CO,
N 95.8 0.58 4.29 520 36.01 32.32 10366

P0s 21.85 008 083 039 475 281 1585
K0 9.65 004 035 016 199 1.17 662

R 3 BEBEEVIESREFIORBHER
Table 3 The inventory of anaerobic digestrate utilization as

chemical fertilizer

gy O W
MJ HC Cco PMy,  NO, SO, CO,
N 4.83 0.03 022 026 1.81 1.63 52246
P,0s 0.77 - 0.03 0.01 0.17 0.10 55.90
K0 1.58 - 006 003 033 019 108.67

R 4 KIFARBREBEE SR HERE 8 (kg-MWh')
Table 4 Life cycle discharge inventory of water hyacinth for
* electricity generation(kg-MWh™)

HibHE  REKREERH ML BWIBEKRHNA
Co 0.37 ' 0.26 -0.31
NO, 1.52 1.70 -2.31
S0, 234 1.68 -1.92
CH, 0.61 3.64 0.01
CO,* 252.19 180.58 —687.03
NH; 4.03 468

o XK AR R R R AP BRI CO,, #2 IPCC
X, TR BRI EAER, B AEZ (Carbon neutral ),

2.2 SMEM

SNV AR AL ARAELFIIBLEAY 3 A2
%
2.2.1 ¥¥EAL

ASCHKEFOR B E BFRKER, K# P A K
A BT BEIEFE, WA b A X
FWERKBEFVEEEE T, K BNRFAERE
HURE SRS AR dE™, i DL 32 2258 [ 2 BR AP % ( Global
Warming Potential, GWP)  #73% B 1k, ( Acidification Po—

tential, AP) 58 E 37k 3 MERELIREL, 2GR
LI CO, &2 H,CO . CH, NO, 24 & R R
2.21.310%, FEEERALLL SO, 2 MY, NO, 1 NH,
2 Z B I 0.7 A1 1.8819; E B IRALLL POT N
2 189 ,NO,,NO,-N 1 NH; i 4& R 514 0.1,
0.42 1 0.35™,

2.2.2 Rk (normalisation ) &AL E (weighting ) 73 ¥t

FRuEfb i A2 R AR AR U, H IR X &
P ERL5E 5 NI S B AR R/ MR A — AT EE B AR T
PEREIN R R — T 2R 2 E B IX A BT
THFEE IR B HE A ) B B B B0, R B A
diHERCE . SRR, BAERSE, KSR
2000 4E2FR ARSI T 1V R ER B 0 v,
BARLE S,

A= i JRL S 3 O DA 5 BT 45 2R PR R Wi 4 Bk
7456 13RI R M AR G R 5, TSRt — &
KSR A o] LA RTINS R, XU ER e
BRI, B AR IRFFE A . AR RGEH
AR WX B, BRI E & PR
KA, & I ERE e 3 fh, B KA
W BARBE R SN A A . ASCRATR S
HIF A RE IAEE (3R 5P PR S R G 4R 3L
HE T

x5 MREEWEHRNE
Table 5 The world’s environmental impact potentials

per person and weighting

FAE R R By AR WE
EERATIE kgCO—eqv.-a™ 6 869 0.12
KRR keSO,—eqv.-a™ 56.26 0.14
HEF kgPO%eqv.-a™ 1.9 0.12

2.3 HNmiEM
2.3.1 SBRASBEW S

EERAFBEEE S LR 6, AKFHPREVEIL A By —
NIRRT R ST AT 117.94 kg-
COxeqv., 2 FRAZ R J1 4 0.017 2, BUR) AI/K# 75 A4
77 1 MWh B 7 P24 B2 BRAF BT 140 24 T 2000 4
SFRAEERAS R S0 1.72% , Hoop  FE K B 7 T
SRR B TR AR B SRS R e A i 4
RASR ISR IEHERL, X E2ER T AR
B B AR L B, FEH IRV AR N Y B
PR T MR, T 2RRAERIS e
HER -
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Table 6 Life cycle global warming potential of water hyacinth

for electricity generation

REKEBE

WRRE .

BRE e kmmm O
CO, %E/kgcozeqv. 736.94 784.54 -1 403.54 117.94
ﬁﬂ?%%?&ﬁ 0.107 3 0.114 2 -0.204 3 0.017 2

2.3.2 MEBRALHE S

IR S 3% 7. AKE A REIRALA R B — A
hee s A A A AL T 19.66 kgSOseqv., A4
AR BRI B Tl 0.349 4, HEE 3 NREIMY
BRI /7, AT LUE IR R B & L S HERE B B
BE, s BAERAN FERE, &b FHES
BPFEEANEERBR, R, ERRR®BRH
AT A AR R ALt TR S S i i R
PEERRA, Bit, BORNERRZBRRXT TR
IR IR HEE,

7 KREARBELN A EGRAPRERLED
Table 7 Life cycle acidification potential of water hyacinth

for electricity generation

RE KB

BHRORE

B g wm gkmwm PO

SO, ME/kgSOeqv.  3.87 10.49 5.30 19.66

WIERRALES 0.068 8 0.186 4 0.094 2 0.349 4
233 EEFRIESN

HEFE S I 8, KEHFT RPN —1
e RA A G A I 3.14 kgPOYeqv., BE
FRALRE TN 1.652 6, TEEFRMLENEERBA
WEHER, HIRRBRREANEABIAT RN,
ARESTI R E EIRLE 1.

R 8 AHAEGEAREEFRLEN
Table 8 Life cycle eutrophication potential of water hyacinth

for electricity generation

FRELKE BWESE ,

AR o ke O

PO} X4 & /kgPO%eqv. 0.15 1.58 141 3.14
EEFRLES 0.078 9 0.831 6 07421 16526

2.3.4 JmASREAS

KT BRI I A i RS RS R i 45 L R
9. AR TIEESRAL TR INE R R LR B R BN
0.249 3, P RE B AR REF ERL, X T

B THEKF L LU R B RGeS
[AEHERBIR, WA T & B SR 2 IR
(3R 5), F LB ISR B R R 3 i, AR iy 2 BB
HEMEDBOR T & B AL ISR e 5

RO KEBABERLR R LG A PIRER IR
Table 9 Life cycle environmental impact indexes of water hyacinth

for electricity generation

A B SRR Bt EERL
B 0.017 2 0349 4 1.652 6
N E 0.12 0.14 0.12
VigEict e 0.0021 - 0.048 9 0.198 3

GAETEY 0.249 3

24 KPERELBRELSEEBEED LA RESE.
MEZ B

KRB RS ERIE, HEeRBIR
Bk BRSO AER, KA EERPRK A
ik, BT K ES B RBRP AN SRS E
MRS R —EAbBAHSE , # TPCC B L, AE R
K B S HERO —E ALK . B, UK A= 1
MWh H 7 HER — AR FE R KSR AL S
RE K B AR SRR HFE R = (3R 4) (BN
TR A KRR P IR 4R Tk B KR KB A8
FEEFRAYT KK B RS R SR H, B2 AR
A A OB AR = | st A R R TR B
HE R —E A%, BIARARIK , ZE7K AT IR E R BERE TR F)
A, Z S ABRHER{E M -254.26 kg(3K 10), KA A5
bR, X BESR A ThIE A & (I R4S 50%) 5 RETR
YEW) K B =AY AR R (3R 10)  K# KL &
WL T EABRAHER, HEERAC S5 B E A RHE
e, KT & B B TSR R B, SRETRAE
Yk AL, [URAEHIHEBOKEES RHEBE R . 455R%
B, AR US4 K B S REIRVEY) R e, SRR IRE K
BEREIRLEA) P X A = A B SR TE e B /N
2.5 T EME

KERF AL FE— AN ThRE BN HLEE (1 MWh)F&
ENAE 1.83 e AKFHE (T), MBH/KSHEMMER

F 10 AEREZBTRMAR BB (kg MWh)
Table 10 The inventory of electricity production from fossil fuels,

energy crop and water hyacinth(kg*MWh™)

A H SRR CO, SO, NO,
K 930 6.7 2.2
RETRIESD 110 0.6 14

IKFEE 254 2.1 0.9
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13.473 MJ kg™, THE KT RE LB HBREH
B A= i PR RO O

7n=3 600/13.47x1 830=0.147

S REVEAE Yy B R AR L3R (9=0.321) , K EH
IRER BEREIRAL R FH I RE B AL HCR AR, UL BL A
BRI (LB R B AR B RHCREARE , )2 A Ui B 7K
FrREVRA) RIEAFEE BRI o '

o EAERRAE A Y B A R B 3 R, R
Mann and Spath®%g X .

ne=(Eg-Eu)/Eb
A Eg FAEYE R R BE, Eu R 7e Y i 7 3
HBE T FEAI A LR BE, ED N AW R BAE . 1K
P PRAR A e 2 F AR A LA N -

me=(Eg-Eu)/Eb

=(3 600-1 456)/13.47x1 830=0.09

IXR IR RRIREL A RFRIE B, dnk K a7
YENBEIRAEM A, 0 T B AE R IR E ¥ B AR B A5}
HELZHE ).

3 it 54

SR T A i J 0 32 0 7K 87 R SR AR 1 S 3R AR
. IR B IR SRR B T 4T
B R TIFRBER WFEH 5 B 2.1x10°,4.89x107 Fl
1.98x107 KA R AR BET TR B SIER XTI R
SREBAEY R RUAH HB, KB IR B R B RE IR AL A
HEJ CO,.S0, NO, 75 W HE BB BIEAK , XF 5
WETE-A ] 5

G55 K # RRURAL R FH B PR B8 0 46 4 55 K 8
FREIRI PR A= i R R AL BOREAR AT T LU Y, 7K
P REIRF P, AL RE IR T R A AU 1
TSRYIHER, I B R T A A AR, P
BRRAEK S P REIEALF P O L RE R I FE BB
TKEAT REIR ARSI R . TR 4 JIT ) HERI B
]I, REMR KB 7 15 G HE RO A i D R R
BEHEBERRMEH, WRBBRYS BENGEA BUE
I, JCER: 22 B2 SR E BE IR I 0 A BE R R 45
B EOL, Pt AT S5 T VRO A ek S AR TR Y
EEK, MK BRI A R BB R
WAFRRH I EE.
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