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Table 1. Energy Demand by Sources and Sector (Pj).

A
Mo} 1970 1973 1979 1980 1988 1989 990 2000 2010
4 o7
\ Srela 153 232 452 458 611 667 837 1467 1840
ene (205) | (248 | (92 | 91 | @1 (242) | 267 | 7.0) | (265)
. 95 127 233 204 446 510 589 1386 1745
e 12.7 (13. (15.1) (13.0) (17.5) (18.5) (18.8) (25.5) (25.1)
o R/ & 21 699 90 93 223 280 371 655 716
(28 (31) (5.8) ( 5.9) (87 (10.2) (11.8) (12.0) (10.3)
. 7] e 39 46 59 75 80 90 95 86 80
( 5.2) (49 ( 3.8) (4.8) (3.1 (3.3) (3.0 (16) (1.2)
N A 308 433 835 830 1360 1547 1893 3595 4381
- 41.2) (46.3) (54) (53.8) (56.2) (60.3) (66.1) (63.0)
N 748 936 1547 1573 2551 2753 3139 5439 6950
Zoll A u)=
(100) (100) (100) (100) (100) (100) (100) (100) (100)
(F3ke] Al d7k oy A Anakel] digk BE8-84))
Table 2. Physical Properties of Gasoline and EtOH.
roperties Vapor Higher Explosive
Molecular | Density Density Boiling Flash Ignition Heating Limits
Fuel Formular (Air;1) point point Temp. Value G(v/V)
Gasoline - 0.73~0.76| 3~4 30~200C 407 250 11,000 kcal/kg 6~135
EtOH C.H;OH [0.794 1.59 78.32C 13C 518C 7.119.6 kcal/kg| 3.28~19.0
3. =58 thAoliX[-EtOH sl
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Table 7. Overall Energy Balance for Alcohol Production.
corn Sugar cane Manioc Sorghum
(kJ/L gallon EtOH)| (mcal/ha/year) (cal/ha/year) (mcal/ha/year)
Energy production
—Ethanol 79,682 18,747 13,271 19,856
—Aldehyde, fusel oil 1,138 )
— Atalks, cobs, etc. (174,768) (17,550) 9,112) (11,830)
TOTAL 255,588 36.297 22,283 31,686
Energy consumption
—Farming operation 48,469 4,226 4,042 4,667
— Transportation 1,6444
—Alcohol plant 113,748(87,693) 10,814(8,100) 8,983(6,700) 11,883(8,900)
TOTAL 163,861 15,040 12,925 16,551
Net Energy production 91,727 21,257 9,358 15,136
N
et Energy Loss — 83,041 +3707 +246 +3.266
without stalks, cabs, etc.
Table 8. Energy (MJ/L of Pure EtOH) Required to Produce an Alsolute Alcohol.
Substrate
Process stage. Beefs Cane Starch Corn
MJ/L % MJ/L % MJ/L % M]J/L %
1. Digestion/Hydrolysis
— Batch 4~5 28 - - 7~8 | 395 30.5
— Continuos - - 2
2. Milling — - 1.1~15 1 - - 15
3. Extraction 08~1 5.6 2~3 16.7 - - -
4. Fermentation
— Batch 0.06 0.4 0.06 0.4 0.06 0.3 0.2
— Continuous 0.1 0.6 0.1 0.6 0.1 0.5
5. Distillation
(Rectification, Dehydration) | 10~13 | 72 10~13 76 10~13| 61 64
— Conventional
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Table 9. EtOH Production Cost for Different Operation Mode.

Production Cost (cent/gal)

Batch Coninuous  Continuous Cell Recycle  Vacuum Cell Recycle
Investment related cost 10.3 49 4.0 39
Operating labor 32 0.9 0.5 04
Supervion and clerical 0.2 0.1 0.1 0.1
Utilities
Water 0.6 0.6 0.6 04
Power 1.2 0.6 0.9 0.6
Steam 10.1 9.5 9.5 6.8
Oxygen — — - 0.5
Laboratory changes 0.1 0.1 0.1 0.1
Plant overhead 1.8 0.6 04 0.3
Total 275 17.1 16.1 12.7
Production Cost (cent/gal)
Batch Continuous  Continuous Cell Recycle  Vacuum Cell Recycle
Fermentation 16.8 6.6 5.0 48
EtOH Recoverry 8.1 8.1 8.1 6.7
Yeast Recovery 2.0 2.0 24 1.0
Storage 0.6 0.6 0.6 0.2
Total 275 173 16.1 12.7
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Table 10. Energy Usage in Conventional and Modified Conventional Systems for Ethanol Recovery.
Energy Usage
Ethanol Conc.(wt.%) process (KJ/LL of product| References
Ethanol)
initial Final
6~10 95 Two-column conventional distillaton 4730~5850 1, 2, 4, 10
10 95 Two-volumn distillation with vapor recompression
6~10 95 Two-column distillation with vapor re-use 1950~3340 1, 6 10
10 95 Three-column distillation with vapor re-use 4730~5850 4
(aldehyde free ethol production)
6 95 Four-column conventional distillation 8080 4
(high quality ethanol production)

13 95 Vacuum distillation (one-column) 2200 4
92.5~10 99.0 Azeotropic distillation with benzene 2000 2,4, 10
92.5~95 99.9  |Azeotropic distillation with pentane 1800~2620 34

95 99.9 Azeotropic distillation with ether 835 4

925 99.9 Extractive distillation with ethlene glycol 2710 3

95 gasohol |Extractive diatillation with gasoline 2060 3
6.4~10 99.9 Two-column conventionl distillation 10300 2,3

second vcuum distillation

6.4 999 Conventional distillation+ azeotro- 9650 3

10 99.9 pic distillation with benzene 7630 2, 3

6.4 99.9 Conventional azeotropic distillation with pentane 8100 3

10 99.9 |Conventional distillation+ azeotrp- 5570 5

pic distillation with ether
10 99.9 Conventional distillation with vapor recompression 4400 9
+azeotropic distillation with benzene
6.25~10 99.9 Conventional distillation+ benzene 5000 4, 8
azeotropic distilation with vapor re-use
10 999  [Conventional distillation+benzene azeotropic 4230 8
distillation with vapor recompressibl
and vapor re-use

10 99.9 Conventional distillation+ ether azeotropic 4730 4, 6

distillation with vapor re-use(katzen process)

10 99.0 THOSR distillation + extractive distillation 1700 8

with salt(kAc)
6~10 99.9 Conventional distillation+ rthylene glycol 1700~2000 7
extractive distillation with vapor re-use

6.4 gasohol |{Conventional distillation+ extractive 8100 13

distillation with gasoline
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Table 11. Energy Usage in Non-Conventional Systems for Ethanol Recovery.

Energy Usage
Ethanol Conc.(wt.%) process (KJ/L of product| References
Ethanol)
initial Final

85 99.9 Liquid-phase water adsorption in 1400 6, 8
molesular sieve (zeolites)

89 99.9 Vapor-phase water adsorption in CaO 710 12

89 99.0 Vapor-phase water adsorption in cellulose 340 12

92 99.9 Vapor-phase water adsorption in cormeal.
Vaporized feed

92 99.9 Vapor-phase water adsorption in cormeal. 1390 13
Liquid feed

96 gasohol |Liquid-phase water adsorption by polimeric com- - 14
pounds(HSPAN) + ethanol extraction with gasoline

10 91 Supercritical fluid extraction with 2500 19
carbon dioxide

10 99.5 Near critical fluid extraction with propane 2700 20

15 99.9 Ethanol adsorption in carbon-+ water adsorption in 6960 6
a molecular seive(hydrocarbon Res. Inc)

10 99.9 Conventional distillajtion+ water 3340 6, 13
adsorption in cornmeal

10 99.9 Conventional distillation with vapor recompression 2170 2
+water adsorption in cornmeal

8 99.0 Liquid-phase ethanol sorption/desorption 7850 15
in polymeric compounds(resins)

8 99.5 Conventional distillation+ membrane- 3680 6
pervaporation system(GKSS)

10 98.0 Conventional distillation to 26 wt% + two-step 4900 6
solvent extraction with 2 ethyl hexanol and
ISOPAR-L respectively (Georgia Tech.)

10 94.7 et. |Conventional distillation to 30 wt% -+ two-step 5200 6, 16

4.5 oil |solvent extravtion at different temperaturewith

light paraffin oil(Syst. Science Applicat. Inc.)

10 gasohol |Conventional distillation to 80 wt.% 500 KJ/L gas. 17
+solvent extraction with gasoline (5500 KJ/L of

etanol)

10 gasoline |Conventional distillation with vapor re-use+ 550 9

catalytic conversion to gasoline
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