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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 2.1x1073,4.89x102,1.98x10 respectively. Compared with the electricity production
from the conventional fossil fuels and energy crop, fewer pollutants such as CO,,S0,,NO, were released from this alternative 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
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Table 1 Pollutant emission of electrical production

BRYKA kg kWh SR HE g kWh

CO, 1.07 CH, 2.60x10°
S0, 9.93x10 NMVOC 4.87x10*
NOx 6.46x10° T 2.02x10
co 1.55%10

2.1.2 REKEEN B

(D)KE BRI IR K B

IKEFTE K ER 94.5% , T3 T B K B P 42 B R
53 8 J5 3K 158 800 kg £ Ryt , #f H 1t COD.SCOD,
MLSS 43547 :11~13.7.5.2~5.7.8.3~10.1 kg-m, [RlAF
A 200 kg F7KE 80% TR, KKy 84% , HF
FE 2 iR bk A CSTR 228, HTR 7 3 d, 17
H 4 5.0 kgCOD-m=3-d™ , A CSTR SN 283 H BIVR
WHE AR R — R AGE , 2R, SRR R
ARt — D R A B e

B S ER 0.34 m’- L, RS B R 60%

IKEF B I IR E K B FE v , $ERMRE T DA KR
N N BT ZEIHFESN T AR TR H I S 7=l Ak Hrialat
PrizAT809E, T — IR AEIFER N 96
kWh, 20 k& BB 9.6%, IR TR BT I RPER
R = ER 1% 5E,

(2)KEH P R IR AR B

K P 5 Fs s SR P 8 AR T P [ K i A8 PR
ARBETZ, Y TS S&H 6.6% , HFh & 30%, [
Forh TS YRR 6.4%,SHT 4 38 d, [H3f He Ky 10:1, [6]

WARU A 2 d [ 1 IR,

KRB EE S BN 0363 m* kg !, & &
R 60% , 7K 5 it A R B R v, 18 DR R R
TEIEFES 1 KYE P PR AT 8, B — A
e SN EIHER R 67 kWh, HRESEIETS
B 1%t

(3) 7K 5 e i s 1R AT

SZPRER TG TEME , T 1~2 d J5 R EEA
FHERE 7 vk A AL T, SEI0 S AR R CHL.
NO, NH; HEE 435118 107.52.335.44 .2.20 kgt I
Ab, HENE Y] Bl A T5 T FE B 7 ARIE = Mk A ik
SEPRB AT EER™, B B — I RR AL SRR
7 5.77 kWh,

(HHEKIKH

HRSRELPR R ESRH : By KRBT LR
2.0 kWh, %15 1 MWh HL 7, AFFEHES 500 m®, B
IHER B T EHFE BT KB P & R 33.29 ¢

FIFESRRER, Y HS M EAS@T
20 mg-m™, VR Lt HLREE B & FLRER, A
=1 ADIEE AL TR SUBRRPT = A4 SO, & R
18.82 g,
2.1.3 HERSHEEAVIEK HitH

R -5 R B A YLK B 7= A B 52 &
Bk B . — 2 FTER S REA VLSRR L2
R A, 31X 3 2R I8 7 A ) TR T S R, — >
1 MWh I RE AL BT B AR fL 22 R B VB 5 554431
4 50.40.15.40.136.21 kg, 5 B 1w 20098 Bl (5
2), HHERBHETE RYE R R 3, H—HEET
AR SHEBAVIEY 7 S U LA R s
RAMERIER , KR BHRAEN 10%11, 2414 4.68
kgNH;, VEWHEAL H G, FER 28 FEM: LK COD
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Table 2 Life cycle data of fertilizer production

P HE R BUg ke
MJ-ke*  HC €O PMy, NO, SO, CO,
N 95.8 0.58 429 520 3601 3232 10366
P,0s 2185 008 083 039 475 281 1585
K0 9.65 004 035 016 199 117 662

R3 BRBEAVESRAEERBHES

Table 3 The inventory of anaerobic digestrate utilization as

chemical fertilizer
HH Y/ BERE/ MR kg
MJ HC CO PMy, NO, SO, CO,
N 4.83 003 022 0.26 1.81 1.63 52246
P,0s 0.77 - 0.03 0.01 0.17 0.10 5590
K0 1.58 - 006 0.03 033 019 108.67

R4 KFAREZBEGERSEWHERE R (kg- MWh)
Table 4 Life cycle discharge inventory of water hyacinth for

electricity generation(kg-MWh™)

PisbE  RERBEARHEIE  FRRIRER A
co 0.37 0.26 -0.31
NO, 1.52 1.70 -2.31
S0, 2.34 1.68 -1.92
CH, 0.61 3.64 0.01
Co¥ 25219 180.58 -687.03
NH, 4.03 4.68

ok XK IR SRR R RS E RE R AY CO,, $% IPCC
B, B3R BRI REAER , BB AEZ (Carbon neutral )P,

2.2 BImiEM

ST EIERHE AL SR EACFTINEGTAL 3 425
R
2.2.1 FHiEfL

ALK R B & BRI, KSR
AN BT HEIRAIEFE, WICISRfER 2= A Xt
RBERKE A ERE SR, HE B ERA
MLAE 5 & br =), B DL = 2 5% 1B 43R5 IR (Global
Warming Potential, GWP) . 3145 1k ( Acidification Po—

tential , AP) 5 & BEF L 3 RIIRE AT, £IRDBRE
Pl CO, &MY &, CO.CH,.NO, & REH N
2.21.310™, FRBEERRILLL SO, K2 M4, NO, Fl NH;
12 8 R 0.7 #1 1.88M; B E F#ALLL POT R
Z: 1%y ,NO,,NOs-N I NH; i & R $507 0 0.1,
0.42 #1 0.35%4,

2.2.2 FrifEfk (normalisation ) S A EE (weighting ) 73

PR AR R AR AL R, B AR
FIIR GRS B A R/ MR — AT LB BRE o
RSB — T 2Bk 2 E BN X A IR
HAESIA S HE A S B EEdE , WEEUEA A Y
difEE . Y SA R, BAEES, ASCRA
2000 SERBRA YIRS AR NP MBS,
HARILZE S,

Az i SRV S e PR T B X 4 AR R i Bk
1858, BRI R MRS 88, AT iR ft— & Fh
IR (B T H AR PPN S R, IO AR E R
H R mSEAINS B AR RS A . ARG
NRAERR R W AR X B2, B 45 Fh A5
RAMIE, B WRERE T EA 3, IR R4
WAL BRI s 5 IR . ASCRAER
I E FIAE (3R 5)PIHEFT IR B M 27 6 48 5K
HeB T

RS NERWENRNE
Table 5 The world’s environmental impact potentials

per person and weighting

E285 -2 LS id] L XivA AHME A E
SRR kgCO,-eqv.-a™ 6 869 0.12
WEmik kgSO,—eqv.+a™ 56.26 0.14
BEFL kgPO%eqv.-a™ 1.9 0.12

2.3 EIiEsh
2.3.1 RS

SIRAREE S I 6, KB BEVEAL A A B —
AT RE AL b B A A R B e = AR T 117.94 kg-
COxeqv., £ BRAFBE T 710 0.017 2, BI A F /K 75 4=
7= 1 MWh 7 77 A B 2 BRA8 R 18 07 4H 24 F 2000 4F
EIRA LIRS 1.72% , Horp 7K 375 1
B ERE KRB HEREBSHIES R A4
PR TS e R IEHE, X FERE TEE B
Brh TR EIHAE R ) BB, TEVE VR AR H W B B
HFBERT 2= s, 8T 23R TS 1y
HER
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Table 6 Life cycle global warming potential of water hyacinth

for electricity generation

R KB

T

b o5

TR wow e kmwm

CO, 2452 /kgCOmqv. 736.94 784.54 -140354  117.94
LR 0.107 3 0.114 2 -02043 00172

2.3.2 ERRAILIET)

R ARSI 3R 7, AKF P REWEALF A —A~
ThRE A HAE A AL =42 T 19.66 kgSOseqv., £
A I RAFRIERR AL BB 1 M 0.349 4, HL#E 3 MANFEIRY
BINERARIE T, W LUE IR AR B R S HENE B B
R, s | BN FERE, B TS
BPFTEE AN EERIR , R, TERWIR B A H
I PR A R ALt 2 TR S a5 e A A
HREFEEBR . HI, BRI Z BRI Tl
RIS IR E

R 7 KEARELR B E R AR ERILE S
Table 7 Life cycle acidification potential of water hyacinth

for electricity generation

KARE  AWORE \
L e L
SO, é’l%/kgsozeqv. 3.87 10.49 5.30 19.66
WL 0.068 8 0.186 4 0.094 2 0.349 4

233 WHERMHA
R FILE ) L 8. AKHI AEIIL I — 1
SRES A AR AL 314 kePOTequ., B
RSN 16526, ST R EFACHN EE R A
WAL, (BANTTRVRME S BG4 B,
TR £ RS B BRI
RS KBAEGRAREERLES

Table 8 Life cycle eutrophication potential of water hyacinth

for electricity generation

REKEE BREE \

BULR o s kmE O

PO% Y /kgPOYeqv. 0.15 1.58 1.41 3.14
BEFRES 0.0789  0.8316 07421 16526

2.3.4 JIACPEAR

K RE IR AL A A= i R A SR B 5 i 5 B R
9, AFE—NIIBEEALHL T AR R LR A e BN
0.249 3, KR M KMER AR EE R, X+

B TR B R SR RS
R[MERBIR, IR T & BRI EIREEERAK
(R 5), TE LA RIFF R W ¥ 70, AR ) R EE
EMAEBR T & BRI msEUE.

% 9 KF LTRILFI A £ 6 AR M

Table 9 Life cycle environmental impact indexes of water hyacinth

for electricity generation

eSSl LIRARE 404 BERL
RN 0.017 2 0.349 4 1.652 6

M = 0.12 0.14 0.12
AYAAER 0.002 1 0.048 9 0.198 3
ST 0.249 3

24 KEFRELBREFELSERIEYM AR ESTE .
ih% LB

IKEPIRE KB RRABIE, HiERHEYR
Bk BAKEHA S ATER, KBP e K Pk — 4R
ik, BFKSEEES R R AN A kS E
MK A ) — AR SE , % IPCC E XL, AR
KRS B SHER A AR . BRI, R R KSR A= 1
MWh H 79, HEl ) — Sk = B K3 A b S
IREEK B SR R AR AR (3R 4) (HIER
KA AR R OB £ TR KR R R BB
PREESRY  RKE SR R RIAR B, B2 R
AT RASRD R AR AR = | 388 DA R RO R A TE B
HEROR Ak, BUARAEHE , 7E/K 3 5 R R R B RE TR A
FA, R AGBR R R-254.26 kg(3R 10), KW A
BBk, it BECR FHAE THIRA A& HL (B 45 50% ) 5 RETR
YEW R F = AR I S A it (3R 10), K R B %
W T AR, BRI S R A HE
R, K R R BAR TR R B, SRR
YR, (AYHEBOK S K bR . 25R%E
B, AH HAE S KB S REIREY K SRR B P IR R
P REIE AL PR R4 7 A A 57 TR AR/ N o
2.5 £ EHEE

IR AR A P — AT RB A FELRE (1 MWh) &
BLVHAE 1.83 ¢ KT (), WA A7k H 2 E R

10 FEEBRBFTRUHHE LR (kg MWh)
Table 10 The inventory of electricity production from fossil fuels,
energy crop and water hyacinth(kg-MWh™)

& H R CO, S0, NO,
BT 930 6.7 22
RERVEY 110 0.6 1.4
K —254 2.1 0.9
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13.473 M kg™, THE K REE KB 1H A
R A i R AR R «

n=3 600/13.47x1 830=0.147

SREIEAE Y P A Bk A AR A (9=0.321) , KB 7
PRAEUR B REIRAL A FH A9 RE B (LSRR, Ul A B
BBV AL BAR SEARBRRCEAR , R Z WU K #
FrREIRF I EEE BRI T o

R R HER RAE A W B A o R R R, R
Mann and Spath?3g ¥ .

77u:=(Eg—Eu )/Eb
K Eg YR A W BE , Eu N TELE W) e 4
L RE P IEFEA G fL L BE , Eb N AR W R AAEE . HHE/KEH
R R T i B A i R AR A

me=(Eg-Eu)/Eb

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

X R PIKE A BRI A FR B, A K #
YERREEAEMF A, E T EAERRIR B AR F 4T B AT
HELZHS T,

3 itiesE

SR FH A i JRV A2 6 7K T BB VR AL R ) R AR
BB . RIS BRI SEIR AE BT AT
B RAVABE T8 5053 3 R 2.1x107.4.89x1072 F
1.98x107, K # A IR\ KBRS K B 5155k J1 &
S RBIRAEY) & L AH ELER , K # P DR AR R B R VR AL A
H1) CO,.S0,.NO, 5575 Je W HE B B I BUAK , X FREE 1Y
iRy 2N

SEA K E T REIRAL A F R BE 5 i 35 5 5 K #
T REVRA R A= i A A AR B ST T VB K
P REVER P, AL BB TR RE R R, XA T
1Y HERL, R BB RS T A R AR . #F—
AR B P RE VR LA P A BB MR T AR R IR =
TKFR T RE IR L s R i 5048 . AR 4 B HERUE B
R, S 7K 0 7 S Y O B A e R =R
WERENABEBE, WRBRSHEBENEE L
F, TCBeR 2 B B K8 25 R IR A F A SRS i 4
B, BRAb, EhIHE RS VR AR AR A R R R
PERBR SRR B A BE AL A i R B B 5
AR EE,
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