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Potential of cultivation capacity of cassava fuel ethanol
in Southwest China and its effect on greenhouse
gas emission reduction
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Abstract Firstly, spatial distribution, suitability degree and the total amount of marginal land resources suitable for
cultivating cassava in Southwest China were identified using multi-factor comprehensive analysis method. Then, the life
cycle net energy and greenhouse gas emission reduction capacity of cassava on marginal land with different suitability
degrees were calculated,based on the expanded life cycle model for cassava fuel ethanol. The results showed that the
areas of suitable and moderate suitable land resources for cultivating cassava were 884 900 and 4 566 200 hm?,
respectively. The suitable and moderate suitable land resources are mainly concentrated in Guangxi and Yunnan. The
areas of suitable and moderate suitable land resources for Guangxi were 833 000 and 2 536 400 hm?, respectively.
These for Yunnan were 51 900 and 1 623 600 hm?, respectively. Using these land resources, the maximum net
production potential of fuel ethanol produced from cassava and the total greenhouse gas emission reduction capacity in
each year would be 62 545 900 GJ and 1 390 160 t, respectively. The results has the potential to deliver technical
methods for assessment of the development and environmental benefits of biofuels derived from energy plants.
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Table 1 Temperature, soil moisture,and land slope under three categories of land suitability for cassava plantation
& ¥r PNEN OB H AN H
Indicators Suitable Moderate suitable Unsuitable
RLEE 25 1 FEHRIR/T =21 18~21 <18
Temperature condition Annual mean
temperature
K %A R 7K /mm 1 000~2 000 600~1 000 = 2 000~6 000 >>6 000 BK<600
Water condition Precipitation
Thornthwaite 4§ % —33.3~100.0 —66.7~—33.3 >100. 0 B{<_—66.7

Thornthwaite index
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16 5 SNER BOEE AN
Indicators Suitable Moderate suitable Unsuitable

W B A5 #F Slope <15° 15°~25° >25°
(R 35 K /m <1500 1 500~2 000 =2 000
Terrain condition Elevation
&M + 2R/ cm =175 30~75 <30
Soil quality Soil depth

TIER YR &R/ % =3.5 1.5~3.5 <1.5

Organic contents

5 O AR AR L/ 0 =30 10~30 <10

Soil texture
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Table 2 Main parameters for cassava plantation

A A W 2 LCA pathways F+ Amount

FhAl B BE Plantation

N At/ (kg/hm*) N fertilizer 10004
P It/ (kg/hm*) P fertilizer 100"
K It/ (kg/hm®) K fertilizer 20011
%)/ (kg/hm®) Herbicide 5018
i,/ (kWh/hm?®) Electricity 90
483/ (L./hm?) Diesel 44
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o % 2) MR AT X I BE Ky JHRE VIR SR A

HE fir JEL 15 B LCA pathways A4 Amount SRR (2 1L AL GIS T HXF 4 Fh B 9% &

PR ——— o P LS4 . 2% 1 407 9630 50 0 3

Cassava dry chip transportation distance HBOE HAAE =9

O, 39 LA M B 04725 5y il 41 1 4 5 0

Ethanol production AT 2 N TG TR

A R AL R R 3l1314] D LA T Hu R B X 25 AP 2 A 4 Hb B R Y

Cassav dry chip comversion rate I P B 17 07

2R Lk 2% 9 glisi) 3.2 KREMBZESEEJRESEBHES

Ethanol conversion rate
BEVHEFE (M] /L ; bioethanol) 11, 109t 14.21-22]

Total energy consumption

R 2 B SR B /e 500710
Ethanol transportation distance
‘ﬁ%ﬂl@?ﬁﬂﬁ/(kWh/L) 0. 0007[13:
Ethanol distribution

&7 i 2 S/ 6 18. 061514

Sharing ratio of the by-product

T« e R AR ) Ab B 249 0 92 3t 9 2 B4R
Note; The unlabeled data are acquired through field

investigation.

K3 BHZEBELEGRAPEEMRHEHRSH

Table 3 Main emission parameters of cassava fuel

ethanol life cycle g/t

& A Inputs CH, N, O CO,
N JE N fertilizer 1634.4 69.1 1519 548. 1
Pl P fertilizer 121.9 1.0 432 112.7
K At K fertilizer 896. 0 7.0 655 492.0

BrH 7| Herbicide 31 954.0 234.5 23 496 370.0

L3l (L) Diesel 0.020 0.075 3 199. 460
ML () Electricity 0.004 0.005 413. 452
i Coal 31.110 21.110 2695 731.510

E:5IHS% k1,14, 22-23],
Note: Adapted from reference [1,14,22-237.
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Fig. 1 Spatial distribution of suitability of land
for cassava plantation based on

multi-factor analysis
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Fig. 2 Spatial distribution of the suitable and moderate

suitable land use types for cassava plantation
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Table 4 Land areas suitable and moderate suitable for cassava plantation

based on multi-factor analysis in Southwest China 7 hm?
T ARX PN RS sNA yllEey HR 5B RXAT
> |
SRLEA Guangxi Yunnan Guizhou Sichuan Chongqing Total
Land type
EH OBEH EH WEH BH WEH EH KREA &EH KRER EH BRER
i bR 61.85 157.09 0.78 53.93 0 13.42 0 1.49 0 3.57 63.01 231.51

Sparse forest land

R 18.31 81.13 3.54 78.71 0 0.08 0 1. 10 0 0.60 24.08 176.83
Dense grassland

b T 2.42  13.87 0.70 27.69 0 11.52 0 4. 83 0 2.63  3.71 61.70
Moderate dense grassland

IR 7 35 B b 0.02 0.62 0.18 1.55 0 1.07 0 0.17 0 0.08 0.20  3.52
Sparse grassland

W% Shoal 0.04  0.09 0 0. 00 0 0 0 0. 00 0 0.00 0.04  0.09
M H1 Bottomland 0.58 0.85 0 0.41 0 0 0 0. 04 0 0.03  0.58  1.32
¥ 1 H# Bare land 0.09 0.00 0 0.07 0 0 0 0. 00 0 0.00  0.09  0.07
43T Total 83.30 253.64 5.19 162.36 0 26.09 0 7.63 0 6.90 88.49 456.62

4.2 AEBHRBZEEGEPSEEEESERAE A CFIALEH BOEH 2 RS5Ok R S IR

BENER a5 JE B RERE > ) K 48 871. 692 Fl 36 046. 599 MJ/
4.2.1 RKREMHLEAGEAR RS TH > hm* (% 5) . RFE T XFEG 47, 8 5 A 1 b 1 AR

S AR AR A A B BEREAR I SRR SRR REAE HE e O B AR BUIRE £ e A i S
B ar DA B DUARSE Jy JrURHAE P AR C B RE LA BEAE. R S R, BRI B S BGEE 2 A

®5 1hm’ REBBZEEGEARRRE

Table 5 Energy consumption for cassava fuel ethanol system in the whole life cycle per hm?®

38 B+ # Suitable 36 B+ # Moderate suitable
o 7 PR - b 1T AR BRI B A b T AR AR A Y
Stages BEFE/(MU/hm®) FIAMIL/ % STMAERE/(MI/L)  REHE/(MI/hm®) FIARIL/%  SEiERE/ (MI/L)
Average energy Percent Energy consumptions Average energy Percent Energy consumptions
consumption per liter consumption per liter
JE L4 7# Plantation 10 398. 335 21.277 3.201 10 398. 335 28. 847 4,801
T H B i 1497.379 3.064 0.461 998. 228 2.769 0.461
Dry chips transportation
ALt 36 089. 669 73. 846 11. 109 24 059.178 66. 745 11.109
Ethanol production
2 98 iy 863.873 1.768 0. 266 575.901 1.598 0. 266
Ethanol transportation
fid i% Distribution 22.436 0. 046 0. 007 14. 957 0.041 0. 007

41 Total 48 871. 692 100. 000 15. 044 36 046. 599 100. 000 16. 645
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SRR RS T A 11109 MI/L, 43 5 5 B FE 9
73.846 %0 F 66. 745 o 5 H R Ry JRUREFPAT L A 7= B B
FEIEH TR B T KB AR 2, W
FAS [ 25 9% 11 4 Hb o K 28 99 FE 119 BE 2 4 B o
3.201 1 4.801 MJ/L, 433 i B REFEM 21. 277 Yo A
28. 847 % s ek b T 18 iy AN 2 I8 32 i oy BEIH FE 1)
ABEN 0.727 MJ/L. 25 BREAERY 4. 300 ~4. 805
ik B BO FERE b e /D, (B9 0. LU0 DA T, 25
TR R S B R R AR AN [R) R - K

JEAEWRRE WA= A JE I BB #E 23 1 Dy 15, 044 AN
16. 645 MJ/L.,

1% 6 AJ 1. 2 K 2 R R A3 e s L R S R
R R R SRR £ T A i JE Ve iR i Dl 6. 140
MJ /L, fg st oA 1. 408 ; i F) FH 4535 1+ b & Jie R 35
BREL T ) A iy JE v B AR 4. 540 MI/L, BE it
P2y 1,273, 25 Rl SR it o il fs . AN g+
Hb & JE AR RE T (1 ¥ R 2 R B B LU 34 K R Y
P o Hod RS B A b 7R B A 4 S 1 RE IR
) 8.857 MJ/L, B2 bbak ] 1. 719 1M #35 ‘H + Hb 11
Hrhe s FIRE i o ik 3 7. 546 MJ/L A 1. 553,

K6 KREMHZEIR-REENLER

Table 6 Allocation results of energy consumption for cassava-based fuel ethanol
4y B R Before allocation 4B 5 After allocation
+ 1

Suitable degrees

Hags/ (MJ/L)

AEH L e/ (MJ/L) AEH L

Net energy Energy ratio Net energy Energy ratio
& ‘B £ Suitable land 6.140 1. 408 8. 857 1.719
53 B b H Moderate suitable land 4.540 1.273 7.546 1.553

4.2.2 KREMMEAGAMEB TR RIERE D
M7

T 2 X A SRR T A A R A A B B R AR
Hewz AT 2o, o] LA 2 DL A SR JFOR A PR R 2

PR 22 ) 7 it 23 C B B R (GR D)

CH, 32 iy 50k A 7= iz i B B R 51k
P 3 5 RHE R 90 %0 DA B LA & B BB O L
A o XTF N O HERL . SRBE N AL B BRI o5 U

RT ANEBBZBEREaEHSHN

Table 7 Total emission of cassava fuel ethanol in whole life cycle

g/hm’

B B & ELFP AR b Suitable land B 3E ‘BOFhAH 1 # Moderate suitable land
Stages CH, N, O CO, GHGica. biofuel CH, N, O CO, GHGuca,  biofuer )
JEOoBHA: 7= [y Bt Plantation  691.1  13.4 —1313188.2 —1293316.1 691.1 13.4 —663 187. 8 —643 315.8
T K is i by B 320. 3 6.2 283 372.4 292 569.2 213.5 4.1 188 910. 2 195 041. 4
Dry chips transportation
R A PR 52.1 32.4 4112 201.9 4122 980.1 34.7 21.6 2 746 284.0 2 753 470.0
Ethanol production
51z Ty 184. 8 3.6 163 484. 1 168 790.0 123.2 2.4 108 986. 7 112 523.7
Ethanol transportation
Z AT % Distribution 0.1 0.1 9 276.2 9 311.4 0.1 0.1 6 184.1 6 207.7
BB B BE Combustion 50.4 41.4 42874745  4300892.3 33.6 27.6 2858247.8 2867 193.0
41t Total 1298.8 97.1 7 542 621.0 7 601 227.0 1 096.2 69.2 5 245 425.0 5291 120.0
RESAEHT R/ (g/v 506.5 37.9 2941 625.1 2964 481.5 641.3 40.5 3 068 576.7 3 095 308.3
GHG
NGRV 3734.1 94.1 132 919.6 254 310.5 3 576.4  91.0 —12 357.9 104 177.3
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HE O WS - R IS R B8 L AR 7 OR SR R
CTEA: i JE IR = SR HE 4 )l 2 964 481.5
13095 308.3 g/t(F 7)s Xf W B NGRV 43 5] K
254 310.5 f1 104 177.3 g/t(F 1),

AT 5K RAT (0 RA AL 2 e A= i S B0 HE s £k 0 5
VR HEAT X L FEAS 25 PRI ™ i 3 BE B I 0L T R B
BRELZ B A R A CH, A N, O HE s 75 il I

CO, HERCS VI EE I 2= S MAHE AR T VbR
4.3 AEHNRAMHELSSEEET BESERE
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26D L (7 58 74 g i XA 585 R A A
F e RE R 7 IR SRR T .
4.3.1 RAERTATHD
SORFWI(GR 8) . VU R 5 A X AKREREL 2 1z
HE B e KR P 1l 6254, 590 T G T £AL A
FHAE G R 5 B 4 b 0% U v BE R R R T
H1765.172 7 GJ.
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Table 8 Total net energy production potential of cassava fuel ethanol

A BEE MR/ (10" hm?)  ERER/(10° G IS E B A/ (10° hm®)  #RER/ (10" GD

Province Suitable land Net energy Moderate suitable land Net energy
I P Guangxi 83. 30 1 661.643 253. 64 2 493.750
=™ Yunnan 5.19 103. 529 162. 36 1 596. 299
St Guizhou 0. 00 0. 000 26.09 256.513
Pg )1 Sichuan 0. 00 0. 000 7.63 75.017
H K Chongqing 0. 00 0. 000 6.90 67.840
4 if Total 88.49 1765.172 456. 62 4 489.418

SIS R PR IR LY A KR
REREWE S K, 4t 4 155,393 77 G IR W =4 2
VRERE 2 1699, 827 J1 GIL, Hifth 3 44 X i Fi& B Fh
FEA 2 )+ 3 R 5 A BR S RE A P N
4.3.2 EBEREAKRRIELSN

XF T E PR 5 4 X R A A I AR U HE
Iy e N A -4 DR T o LT N I P N

BRBE T S il 2 ORISRV ) (R 9. BR R
WL V4 g b XA SRR 2 T s AR UCHE v )
139.016 J t.,

B GRS LA B A X
WHEVE S k.3t 99, 485 1 s IR A S L M
HERE 2928 32,297 5 o, oAb 48 0 i & M v it
AHXTEL/N
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Table 9 Total GHG emission reduction potential of cassava fuel ethanol in Southwest China
w EECEHER/(0 hnt)  BHE/OF O BOETEHE R (10 by RHE/OT O
Province Suitable land Net energy Moderate suitable land Net energy
] 78 Guangxi 83. 30 54. 318 253. 64 45,167
= H Yunnan 5.19 3. 384 162. 36 28.912
F I Guizhou 0 0 26.09 4.646
P )il Sichuan 0 0 7.63 1. 359
H KX Chongqing 0 0 6. 90 1.229
A1t Total 88.49 57.702 456. 62 81.313
5 & J T g B R R R IR AR IR AT T 4y

AWIELLPEVER 5 4 XK RWFIE X, % A GIS
A LCA 255 1k, FF %5 78 55 4t X R 880k 2 B Y &

M. A5 2R 2548 .
1) VG Py Hb X 38 BT 5 400 E A 2k 1) = 3 R R
A3k 88. 49 JT I 456. 62 J1 hm®,i& B H + Mo & I
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