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Energy gain of wheat ethanol in China
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Abstract The paper analyzed the research background of ethanol energy gain its latest developments in the world and
research statue in China. Furthermore based on the lifecycle analysis the paper calculated the net energy value and energy
output-input ratio of wheat fuel ethanol and evaluated the energy gain of wheat fuel ethanol in China. The main conclusions
are as follow If the energy of byproduct was not being calculated The Net energy values in old and new technology were
-17022 MJ/t and —11778 MJ/t fuel ethanol and the values of R were 0. 64 and 0. 72 respectively. If the energy of
byproduct was being calculated The Net energy values in old and new technology were 2271 MJ/t and 11249 MJ/t fuel
ethanol and the values of R were 1.05 and 1.27 respectively. The energy gains which were significantly improved by the
new technology in old and new technology are both positive benefits according to the economic benefit of energy. Compared
with the corn fuel ethanol production in America with the calculation of byproducts energy the net energy values in new
and American technology were 11249 MJ/t and 7457 MJ/t fuel ethanol and the values of R were 1.27 and 1. 34

respectively. R in wheat fuel ethanol is lower than in corn fuel ethanol due to higher conversion in corn relative to wheat.
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Chinese technology for the production of wheat fuel ethanol

new technology has greater net energy value in comparison

with American technology which is because the advantages for comprehensive utilization of wheat fuel ethanol in China

23027 MJ/t ethanol were evident relative to the corn fuel ethanol production in America 5078 MJ/t ethanol

Key Words wheat fuel ethanol energy gain net energy value energy output-input ratio
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Table 1 The energy in the production of sugarcane and ethanol Brazil MJ/t sugarcane
Mean Maximum value
Input Output Input Output
Sugarcane production 189.9 175.5
Ethanol production 46.1 36.4

Produced by ethanol 1996. 4 2045.3

Additional values from bagasse 175.1 328.5

Total 236.0 1271.5 211.9 2373.8

Output-input ratio 5.39 11.2
e Argonne National Laboratory
Net Energy Value NEV
20
1.34

3

@

Reference Fuel ethanol in China. Textbook series for new substituted energy
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Fig.1 The block diagram for lifecycle analysis of wheat fuel ethanol
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Table 2 The year changes of the inorganic energy input in wheat ecosystem Nanyang
Year 1999 2000 2001 2002 2003 2004 .
Mean in year
6 2
107K/ 1.38 1.22 1.07 1.15 0.99 0.84 1.11
Pesticide
6 2
o MOk 15.43 15.94 15.81 15.68 16.06 16.71 15.94
Converting energy from fertilizers
6 2
. 10°k)/bm 3.38 4.13 3.75 3.28 3.00 2.63 3.36
Electric power
6 2
10°kJ/ hun 4.26 4.55 4.36 4.78 5.02 6.14 4.85
Fuel
/ Mzt 6269 6525 6083 5876 5542 5185 5913

Inorganic energy/wheat
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kg ® 8t
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4.3 Fig.2  Wheat yields in representative regions of Nanyang
Reference Investigation data from pointing farmers in representative
regions of Nanyang

3
Table 3  The scheduling and transportation of aging wheat in Tianguan enterprise group
Item . . . . . .
Nanyang Xinyang Zhu Madian Ping Dingshan  Zhoukou Shangqiu Kaifeng
2001 t
Scheduling and transportation 185000 35000 77000 65000 50000 112000 30000
quantity 2001 — Present
. 0.34 0.06 0.14 0.12 0.09 0.20 0.05
Weights
km
Transportation distances to 60 220 220 150 300 400 300

Tianguan enterprise group
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Table 4 Energy-consuming for the production of one ton wheat fuel ethanol

I t kW- h t M)
o Steam Electricity Water Comprehensive energy-consuming
Old technology 4.7 350 63 24563
New technology 3.5 330 20 18923
4.4
4 1
2
3
4
10% ’
DDG
4
5
5 MJ/t
Table 5 The energy values of byproduct MJ/t fuel ethanol
ftem Bran Gluten powder High bpe Marsh gas Total
alcohol
Old technology — — 264 14718 4311 19293
New technology 11682 4727 264 4931 1423 23027
4.5
5% -
E90 10% 90"
90% E93 10% 93" 90% It
3.2kW- h  38M]J
4.6
10t
10km 10t 50km
35L/100km 44 MJ/kg It TTMJ
5.1
Hosein Shapouri 2
Net Energy Value NEV R
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NEV= E- P+T+C+M+D +C, 1
E P T Cc
M D o
R=0/I= E+Cp / P+T+C+M+D 2
0
NEV>0 R>1
5.2
6 7 I 2 NEV R 7 8
6
Table 6 Energy input hypothesis in the research of wheat ethanol China

Ind al C . ) Energy-consuming Energy-consuming

Ttem Wheat yield ndustria onversion rate for conversion

in the production

t/hm? of ethanol of ethanol
M 'h sthanol/t whez
J/t wheat t ethanol/t wheat M/t ethanol MJ/t ethanol
Old technology 4.301 5913 0.2835 20857 24563
New technology 4.301 5913 0.2785 21232 18923
Hosein Shapouri
200? . 7.845 2396 0.314 7631 18295
Hosein Shapouri
2002 corn fuel ethanol
7 NEV R MJ/t

Table 7 Energy using

NEYV and R values without the calculation of energy values of byproduct M]J/t fuel ethanol

Item

Old technology

New technology

Hosein Shapouri et al *

Wheat production 20857 21232 7631
Wheat transportation 1157 1178 800
Ethanol production 24563 18923 18295
Ethanol denaturalization blending and transportation 13 13 561
Total energy 46692 41448 27287
NEV -17022 -11778 2383
R 0.64 0.72 1.08
1 NEV -17022 MJ/t - 11778MJ/t
R 0.64 0.72 NEV
2 NEV 2271MJ/t 11249MJ/t
R 1.05 1.27 NEV R 1
3 24563 MJ 18923 MJ
19293 M] 23027 MJ
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8 NEV R MJ/t
Table 8 Energy using NEV and R values with the calculation of energy values of byproduct MJ/t fuel ethanol
%
Energy distributon NEV
ftem Energy using  Byproduct values Energy ror the NEV Wi%h the R
production of calculation of
Ethanol Byproduct byproduct byproduct
0ld technology 59 41 46692 19293 27399 2271 1.05
New technology 44 56 41448 23027 18421 11249 1.27
4 NEV
-11778 MJ/t 2383 MJ/t R 0.72 1.08
NEV 11249MJ/t 7457TMJ/t R 1.27  1.34
C4 3
60% 69 %
R
NEV 23027MJ/t
5078MJ/t
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