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Life cycle assessment of energy consumption and greenhouse
gas emissions of cellulosic ethanol from corn stover

Wang Tian'?, Cuiping Liao”, Li Li*, and Daiqing Zhao”

1 Graduate University of Chinese Academy of Sciences, Beijing 100049, China
2 Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China

Abstract: Life Cycle Assessment (LCA) is the only standardized tool currently used to assess environmental loads of products
and processes. The life cycle analysis, as a part of LCA, is a useful and powerful methodology for studying life cycle energy
efficiency and life cycle GHG emission. To quantitatively explain the potential of energy saving and greenhouse gas (GHG)
emissions reduction of corn stover-based ethanol, we analyzed life cycle energy consumption and GHG emissions of corn
stover-based ethanol by the method of life cycle analysis. The processes are dilute acid prehydrolysis and enzymatic hydrolysis. The
functional unit was defined as 1 km distance driven by the vehicle. Results indicated: compared with gasoline, the corn stover-based
E100 (100% ethanol) and E10 (a blend of 10% ethanol and 90% gasoline by volume) could reduce life cycle fossil energy
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consumption by 79.63% and 6.25% respectively, as well as GHG emissions by 53.98% and 6.69%; the fossil energy consumed by

biomass stage was 68.3% of total fossil energy input, N-fertilizer and diesel were the main factors which contributed 45.78% and

33.26% to biomass stage; electricity production process contributed 42.06% to the net GHG emissions, the improvement of

technology might reduce emissions markedly.
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Fig. 1 Life cycle of corn stover-based E10 and ethanol.
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Table 1 Elements explanation of formula 10-13

Elements Explanation Unit
GHG ossit GHG emissions from fossil fuel g COsq
GHG yon-fossil Non-fossil GHG emissions g COsq
GHG e GHG emissions from car driving g COxq
Ciequestration CO, sequestration of corn stover g CO,
COy, fossil CO; emissions from fossil fuel g CO,
CHy, fossil CH, emissions from fossil fuel g CH,
N>O fossit N,O emissions from fossil fuel g N,O
cc, glaerlbjon content factor of fossil ¢ C/MJ
FOR; Fuel oxidation rate of fossil fuel j -
ERCH,;, Direct CH4 and N,O emissions
ERN,O; from fossil fuel gMJ
TCO,;, Indirect CO,, CH4 and N,O
TCH,;, TN, O; emissions from fossil fuel g/MI
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Table 2  Energy consump tion in the production of
fertilizer, seed and pesticide in the growth of rape
Name MF;,; Unit
N-fertilizer, urea 59.40 MJ/(kg urea)
P-fertilizer,P,Os 20.36 MJ/(kg P,0s)
K-fertilizer,K,O 9.50 MlJ/(kg K,0)
Seed 53.36 MJ/(kg seed)
Pesticide 178.85 MIJ/(kg pesticide)

3.2 FKFFFHINEE . HE 7RIS fii
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Table 3 Elements explanation of formula 14-15

Elements Explanation Unit

0, Stover collection quantity of ty
storage area n

K Ratio between agricultural B

! acreage and total acreage

Stover collection and available

kg -
factor

q Stover output per agricultural t/hm?

acreage

Stover collection radius of
R, km
storage area n

Fuel consumption during stover

collection kely

, The transportation distance to km
storage area

Fuel consumption rate of

FCR,,.,
CRiractor tractor

L/(100 t-km)
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Table 4 Basic parameter of each procedure in storage areas

FFs CBERZ A I % 1 o AR SCR A He 20 i
5 B H A i RV RE RE AR 2 SR HERL AT 0 i
FREE AR 1.25 0 128 FEFF AL E K T %
WrA% 235k 0.269 Ji/kg. 1.9 Ji/kg, Sheehan %1%
ISR, EZ 60% PIFSFF AT SR 1T 4
P A, RIASFF AT R BN 60% .

T R4 1 kg LB, #iA 0.04 (kw-h) g HL 7
o LA R YRR RSN 0.813 J0/(kw-h)PY,
TEHE, BRSBTS T oomTam i T
ML 0911, Bl 6.63 Ji/kg, iditd, JrEcssH
Wz 6 iR,

Procedure Machinery required Weight (kg/set) Capacity (t/h) Fuel type Consumption (kW) (kg/h)
Shredding Shredding machine 18 000 4 Electricity 54.25
Conveying Forklift 2 650 18 Electricity 9.70
Storage Straw grab crane 16 000 20 Electricity 30.00
Remove Straw grab crane 16 000 20 Electricity 30.00
Loading Forklift 4 682 20 Diesel 7.61
x5 AMRBEEREY. HBET®
Table 5 nergy factors, GHG emission factors for fuel j*
Fuel j EF; TCO;,; TCH,; TN-0; ERCH,; ERN,0,; CC; FOR,
MJI/MI) (g/MJ) (g/M)) (mg/M1J) (g/MJ) (g/M)) (gC/MJ) k
Crude coal 1.05 4.26 0.42 0.06 0.001 0.001 24.08 0.90
Crude oil 1.17 16.00 0.05 0.27 0.002 0.000 20.00 0.98
Coal 1.17 5.73 0.43 0.17 0.001 0.001 24.74 0.90
NG 1.20 16.58 0.05 0.12 0.001 0.001 15.32 0.99
Diesel 1.33 27.87 0.08 0.44 0.004 0.002/0.028° 20.20 0.98
Gaso-line 1.33 28.83 0.09 0.47 0.080 0.002 18.90 0.98
Resi-dual oil 1.23 25.33 0.07 0.41 0.002 0.000 21.10 0.98
Elec-tricity 3.25 265.22 1.01 3.92 0.000 0.000 0.00 0.00

a: source from reference [27]; b: for vehicles, the utilization value is 0.002, while for other applications this value is 0.028.

=6

ZFMELLSE

4

Table 6 Partitioning ratio for economic allocation

Allocation Agrlcultpral Ethanol production
production
Stover Corn Ethanol Electricity
(%) (%) (%) (%)
Percentage 9.6 90.4 99.5 0.5
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Fig. 2 Input-Output analysis of each process.
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Fig. 4 Fossil energy consumption of each stage. CST:

collection, storage and transport; TSD: fuel transport, storage
and distribution.
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Table 7 Results of energy indexes of cellulosic ethanol

Relative percent

Gasoline  E10  E100 change (%)

E10 E100
ETE 0.744 0.692  0.389 —6.99 —47.67
NEV(MJ/km)  —0.997 -0.771 2.104 +22.65 +311.11
NER 0.744 0.789  3.653 +6.02  +390.93

ETE: energy transfer efficiency; NEV: net energy value; NER: net
energy ration.

*8 BESKHAMSHER

Table 8 GHG emissions results

Fuel types Gasoline E10 E100
(g COz/km) (g COz/km) (g CO, /km)
Emission value 298.29 320.25 683.15
CO; sequestration 0.00 —41.93 —545.88
NGEV 298.29 278.32 137.27

NGEV: net greenhouse gas emission value.

x9 AUEZRCEEGEAHRSINIREESEHN

Table 9 GHG emission of each process

Fuel tvpes E10 E100

uettyp (g/km) (g/km)
1 Biomass stage —38.35  —499.24
1.1 Cultivation 2.17 28.30
1.2 Collection, storage and transport 1.41 18.34
1.3 CO, uptake —41.93  —545.88
2 Fuel production stage 32.69 425.74
2.1 Stover handling and storage 0.09 1.16
2.2 Pre-treatment and conditioning 0.56 7.33
2.3 Saccharification and fermentation 0.48 6.22
2.4 Solid waste treatment 0.03 0.33
2.5 Distillation and dehydration 7.84 102.12
2.6 Electricity generation 22.07 287.34
2.7 Wastewater treatment 0.04 0.49
2.8 Chemicals transportation 0.01 0.15
2.9 Infrastructure 1.58 20.60
2.10 Ethanol transported to blending 0.19 0.00
2.11 Gasoline production and transportation 82.49 0.00
2.12 Blending 0.07 0.00
3 TSD 2.28 3.52
4 Car driving 198.82 207.23

LLE100 S, FEAY Bt FE v, AR A JE
T SMHERCN 294.8 g CO, J/km, FEME /AL,
S BCRIREAT BRGSO 28.3 g COy/km; [FER, 7E
CEEH )T Z R HEN 474.8 ¢ CO, /km, S ECE] 2B
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Table 10 Comparison of underlying parameter

Parameter Canadal®"! China (this study)

Stover available factor 62% 60%

Transport tools Diesel vehicle Diesel vehicle

Transport distance of

90 km
stover

40 km

Transport distance of

ethanol distribution 46 km

500 km

xR 11 EXRFBEHECEEGEARBESEHRT L
Table 11 Comparison of GHG emission results for corn
stover-based ethanol between Canada and China

Process Canadal®  China (this study) Unit
Crop production 13.37 13.29 g COzeg/MJ
Sequestration —188.38 —188.38
Stover transport 1.61 2.89
Ethanol production 117.30 147.69
Ethanol distribution 0.38 1.22
Use 71.52 71.50
NGEV 15.80 48.22

Corn stover cultivation, collection and baling are included in crop
production, while stover transport is not included.

5 HZpERE

PLEARFEFF 5, SRR AL | K
PE7I E100. E10 A= B AL A BEIR IS AE 5 51
0.793 MJ/km . 3.651 MIJ/km, 73 5% ¥ 20 1
79.63% Fll 6.25% .
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