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g |feiizers [ Sugar cane farming] = e Tto gid  sugerto mpret
L herbicides | - Land preparation ! —
E 8 * - Planting % , Sugar milling
59 [ B . o .
§ g - Crop maintenance | |§ I (Molasses generation) | _
50 labou | Haresting cane stalks ko =P
I8 ; G| molasses omass fuels
diesel| Crude oil o)
Life-style z extraction/refining £
Transportat c
support @
5 Y I g
PR, Blending with ethanol Ethanol coal >
Distribution : — : B £
gasoho gasoline 2] | conversion 8 g
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Fossil and renewable

Fossil energy

energy inputs inputs Petrol. Energy
Item (MJ/t cane) (MJ/t cane) inputs (MJ/t cane)
Sugar cane farming 465.4 441.1 212.9
Diesel fuel (farming operation) 49.6 (10.7%) 49.4 44.8
Fertilizer, herbicide 212.5 (45.6%) 208.3 35.2
Human labour 113.4 (24.4%) 93.8 51.7
Diesel (transportation) 89.9 (19.3%) 89.6 81.2
Sugar milling (Molasses generation) 410.2 4.7 4.2
Bagasse 2117.6 0 0
Rice husk, Wood waste and bark 140.8 0 0
Diesel used (transportation) 4.7 ) 4.7 42
Bagasse as internal energy
source -1852.9 0 0
Electricity output from sugar milling -169.4 -164.3 -8.0
Net inputs 706.2 281.5 209.1

= ? a
Wineme: 9ou 1 dudusonaammiaa’ld 10.17 Gas

¥y = a
NINEIAA 1 AUAINIONAaENIYea 18 225 aas

M1301: Nguyen et al. (2008)
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Agrochemical |Fertilizers ey T Cassava Cassava f:hip
manufacturing | Herbicides ﬁ & m processing
SE]:;;H e T @ Cassava chips
3 Gasoline
Y
Crude oil

\ Disteluition <Gasohol Blending |« Ethanol Ethanq]
ExHmeLion 2=y | conversion

MNN 8.6 IIn3F30 (Life cycle) vosmsmaauazms Iiontueaniniudnlengs
nn: Nguyen et al. (2007)
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Fossil energy inputs Non-fossil energy inputs
Items (MJ/L ethanol) (MJ/L ethanol)

Feedstock production 3.91 , 0.32

Fertilizers, herbicide 1.68 0.08

Diesel fuel 1.09 0

Labor - 1.14 0.24
Ethanol conversion 6.69 0.01

Thermal energy (steam) 6.36 3.45

Electricity 0.33 0.01

Biogas cogeneration -3.45
Transport (diesel fuel) 1.46 0
Total 12.06 0.33
EnB 34.4-12.06 = 22.38

HUYLYiA: EnB = energy balance

a
NN1: Nguyen et al. (2007)

.

‘:’ A‘ a a o 1 c; a
A3 1N 8.7 ﬂ"liL!.Elf‘l‘ll'iZLﬂVI"U’ENL%@L‘WﬁQﬂ@ﬁ“]fﬁﬂ”lﬂﬂﬂﬁ’)ﬂﬂimuﬂﬁNﬂ@llﬂ?’nu’ﬂﬁ‘mﬂ

Wudnlenas
.
Fossil fuels Amount (MJ/L ethanol) :%;o
Coal 0.35 2.88
Natural gas 1.65 13.69
Diesel 291 24.12
Fuel Oil 7.15 59.31
Total 12.06 100

M3n: Nguyen et al. (2007)
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@

dudnlznaslulszmainouaziomuoannannniagaudu q

Feedstock/country  Net fossil input SR vomee Ref.value EnB
(MJ/L) (MJ/L) (MJ/L)

Sugar beet and 14-35 0.65 233 -11.7
wheat in Germany 93
Cassava in China 13.30 0.71 28.44 15.14
Corn in the US 12.76 1 40.2 27.44
Cassava in 12.06 0.89 34.44 22.38
Thailand “ %4

Herbaceous 2.01 1 40.2 38.2

biomass in the US
Sugar cane in 0.96 1 423 41.34

Brazil

WMBINA: SR,y HID substitution ratio A0 OATIAIUMIUNUATZHNUBMUDAAY
4 1 4 g’l 4 = ’ol LY a
MIUUUTY Refvalue A0 AWaIOUnInuan g lunmsuanminiuuuduves
uaaz13zine 1az EnB (energy balance) D AUAANAINUIINMTHAADNIUDA

nan: Nguyen et al. (2007)
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Items Contribution g CO, eq./L ethanol %
GHG emissions due to the use of fossil 839 87.03
fuels
Cassava farming /processing 253 30.15
Fertilizers and herbicides > 90
Diesel fuel 84
Labor 79
Ethanol conversion 496 59.12
Bunker oil 472
Electricity 24
Transportation (Diesel fuel) 90 10.73
Other GHG emissions 125 12.97
Soil N,O 123
CH, and N,0O emissions from 2
biogas burning
Total GHG emissions 964 100
Gasoline fuel-cycle GHG emission 2,918

(excluding CH, and N,O emissions
from use phase)

Gross avoided emissions

Net avoided emissions

% reduction

-2,918 X 0.89 =-2,597
-2,597 + 964 =-1,633

62.9

a
NN1: Nguyen et al. (2007)
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Feedstock Gross emissions SR, .. ..  Avoided emissions Y
less emissions (g CO, eq./L ethanol)  reduction
displaced by Gross Net
co-products (g CO,

eq./L ethanol)
Cassava in China 1538 0.71 2006 -468 233
Corn in US 1506 1.00 2920 -1414 48.4
Cassava in Thailanfi 964 0.89 2597 -1633 62.9
Sugar cane in Brazil 256 1.00 2820 -2564 90.9
Herbaceous biomass 245 1.00 2920 -2675 91.6

in US

fan: Nguyen et al. (2007)
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