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Biofuel Industry and Recent Research in USA
Joung Kyong Lee and David Bransby*

ABSTRACT

Demand for alternatives to petroleum is increasing the production of biofuels from food crops such as
corn, soybeans, sorghum and sugarcane, etc. At least for the next 5 years, ethanol demand will be
increased greatly in the United States and in the world. Presently, most ethanol produced in the United
States is corn (Zea mays) ethanol. As a result, especially in the Americas and Southeast Asia, agricultural
land is diverted to biofuel production. Even though biofuel industry has many advantage including national
security, economical, energetical and sustainable impacts, it is driving grain prices up and creating
considerable concern about the potential negative impacts on a wide range of food products that depend on
grain : chicken, pork, beef, and dairy products such as milk, cheese, yoghurt, cream and ice cream.
Feedstock crops are crops such as switchgrass (Panicum virgatum, L.), corn stover and grasses that can be
used in industrial processes such as fermentation into alcohol fuels. Feedstock is no compete with food.

Furthermore it is friendly environmental bioenergy crops.

In Korea, with increasing demand for fossil

fuels the exploration of alternative sources of liquid fuel is inevitable. I suggest Korea need to research
and to develop actively on feedstock for biofuel production through this review.
(Key words : Biofuel, Ethanol, Comn, Cellulosic biomass)
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Table 1. Projected ethanol production and com use by marketing year

Marketing year 2004/05 2005/06 2006/07 2007/08 2010/11
Ethanol produced (billion gallon) 3.7 4.6 59 7.0 9.7
Corn required (billion bushel) 1.32 1.65 2.11 2.51 3.46
Coproduct feeds produced
(dry equivalent) (million tons) 11.02 13.71 17.58 20.87 28.79
Corn crop (billion bushel) 11.81 11.11 10.74 11.48 12.50
% of com crop | 112 14.8 19.6 21.8 27.6
U.S. farm com price ($/bushel) 2.06 1.98 2.33 2.54 2.64

Note : 1 gal (=3.785 liter), 1 ton of com (=dry matter 36 bushel).

(Cassman et al, 2006).
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20177}A] A7 3504 ZA7}A] wioledwE
X33t diAl Ao Av)E ot £33
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(2) 25 %25 vision

20253712 el M ARSERAL gl oA
2] 25%% v, =HokF) nloledr 2L A4
Vet Aoz RE Aves FXolr o]
el dx] £FREF @43 1) Wi| 739E
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Table 2. The world's leading oil players (million barrels/day)

ToP oil exporters ] Top oil imPorters

Oil Eoduction Oil_consumption
Saudi Arabia® 11.1  USA | 207
Russia 9.5 China 6.9
USA 8.2 Japan 54
Iran™ 42 Russia 2.8
Mexico 3.8 Germany 2.6
China 3.8 India - 2.6
Canada 3.1 Canada 2.3
Norway 3.0 Brazil 2.2
Venezuela™ 2.8 South Korea 2.2
UAE™* 2.8  Mexico 2.1

Saudi Arabia® 9.1  USA 12.4
Russia 6.7 Japan 5.2
Norway 2.7 China 3.1
Iran™ 2.6 Germany 24
UAE* 24  South Korea 2.2
Nigeria™ 23 France 1.9
Kuwait™ 23 India 1.7
Venezuela™ 2.2 Italy 1.6
Algeria® 1.8 Spain 1.6
Mexico 1.7 Taiwan 1.0

¥ : OPEC members.
(Zubrin, 2007)
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o3} (25 x *25 vision, 2007).

(3) 30x30 vision
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Table 3. Recent ethanol industry expansion
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v]Zol A 200612007 717 9t S5
Atz el BAREE 46.8%, lHEE 172%, ¢F
£ 17.2%, HFCS (F3AR)E 4.1%, FaAZR
£ 1.9%, AL 22%, dIE 1.1%, AL
£ 15%F o8 7.9%7} oAl
(NCGA, 2007a). °shE A 7k&”d 714,
Neh& L5 71A 23e] o]¢o] WS
o] gdi=ln Qivt 2 A3} &p4v) Wol £
8 F3 25p 7MHLE AeEo] FES O
ARAZZR ) o]dlS U= S4E Wol Al
3l itk 2 AuiHAL 2004~2006 O
73.6985L ojo]#H oAl 2010l 79.9uL ojo]
HAZE ¢ % TP A= F71A S
Aite s oiF, |, B3 B, a4 9 AR
s7ge] Zrasn it T S5 A4
7 At o]5% B3 glen ¢goExm
RAYF 2 Qo] A& Yakg ste] I
s} Fojo FFE 4 I FHolgkn AAZE
Jrolx ik 200619 508 AR ko]

' Industry 2000 2001 2002 2003 2004 2005 2006 2007
Biorefineries online 54 56 6l 68 72 81 95 110
Capacity (mgy) 1,748.7 19219 23473 27068 3,100.8 3,6437 43364 54934
C(’(nn’]ﬂ‘l’:::ff:;eig) cthanol 7 681 819 1077 1260 1430 1800  —
Distillers grains (million tons) 2.7 3.1 3.6 5.8 73 9.0 12.0 —

* Ibu. of comm = 2.7~2.8gal. of ethanol and 17lb. of distillers grains, mgy : million gal per year.

(RFA, 2007)
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Table 4. Ethanol yields from candidate crops
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Crop Crop yield (ton/ha/yr) Ethanol (liters/ton)  Ethanol (liters/ha/yr)
Sugarcane 90 90 8,100
Sweet sorghum 80 80 6,400
Sugar beet 50 90 4,500
Fodder beet 90 90 8,100
Wheat 2.7 400 1,080
Barley 3.3 410 1,270
Oats 22 410 902
Rice 3.5 480 1,680
Com 94 440 4,136
Sorghum 3.5 440 1,540
Potatoes 44 110 4,840
Cassava 30 170 5,100
Sweet potatoes | 27 167 4,509

(Zubrin, 2007)
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Table 5. Com yield and Com grain ethanol yield

Year Com yield Conversion rate Cormn grain ethanol yield
(bushel/acre) (gallons/bushel) (gallons/acre)
1984 106.7 2.40 256.1
1994 138.6 2.52 349.3
2004 160.4 2.72 436.3
2014 178.0 3.30 5874
(NCGA, 2007b)
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Table 6. Com price and food price

| Com Milk  Chicken, Eggs Pork,  Beef, Ground Non-diet All malt
~ Days fresh ham steak Beef cola  beverages
(bu) (gallon) (ib) (dz.) (Ib.) (b)  (b) (2 Itrs.) (16 ozs.)
Jan. 2006 (§) 1.98 3.20 1.06 1.45 2.21 5.06 2.74 1.13 1.11
Mar. 2007 (§) 3.76 3.07 1.06 1.63 2.33 5.29 2.81 1.22 1.16
" (USDA, BLS, 2007)
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Table 7. Current sustainable availability of
cellulosic biomass from agricultural

lands
Currently available
biomass
Source (million dry tons
_ per year)
Corn stover 75
Wheat straw 11
Other small grains 6
Other crop residues
(oil seeds, soybeans, sugar 21
Crops, Troot crops)
Com fiber 6

(Perlackv et al, 2005)
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Table 8. Corn fiber and stover compositibn

Composition Com fiber Stover
Cellulose 12~18% 32~38%
Hemicellulose 40~53% 28~32%
Lignin (phenolic) 0.1~1% 15~17%
Starch 11~22% None

(Perlack et al, 2005; Dry matter basis)
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(1) 29X 1A (switch grass)
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(2) < (sweet sorghum)
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Table 9. Biomass of bioenergy crops in both regions

Dry matter yield (kg/ha)

~Bioenergy crops

Cheonan Index Jeju Index
Comn 19,115 100.0 15,114 100.0
Sorgum 16,177 84.6 34,852 230.6
Sudangrass hybrd 16,138 84.4 33,261 220.1
Pearmillet 8,301 43.4 16,638 110.1
Barnyard grass 11,776 61.6 18,881 124.9
Guinea grass 15,585 81.5 21,705 143.6
Klein grass 5,443 28.5 21,986 145.5
Switch_grass 7,254 37.9 25,013 165.5

(Lee, 2008)
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Table 10. Ideal ecological traits of biomass
energy crops and their relevance
to invasive species/invasiveness

Prese'ntb (P) or
: contributin
Traits ((;) to succegss
in invasives
C4 photosynthesis P,C
Long canopy duration P,C
Perennial P
No known pests or diseases P,C
Rapid growth in spring PC
(to out-compete weeds) >
Sterile seeds P

Partitions nutrients to belowground
components in the fall

High water-use efficiency P,C

P,C

(Raghu =. 2006)
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