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Cellulosic Ethanol as Renewable Alternative Fuel
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ABSTRACT Global warming crisis due primarily to continued green house gas emission requires impending
change to renewable alternative energy than continuously depending on exhausting fossil fuels. Bioenergy
including biodiesel and bioethanol are considered good alternatives because of their renewable and sustainable
nature. Bioethanol is currently being produced by using sucrose from sugar beet, grain starches or lignocellulosic
biomass as sources of ethanol fermentation. However, grain production requires significant amount of fossil fuel
inputs during agricultural practices, which means less competitive in reducing the level of green house gas
emission. By contrast, cellulosic bioethanol can use naturally-growing, not-for-food biomass as a source of
ethanol fermentation. In this respect, cellulosic ethanol than grain starch ethanol is considered a more appropriate
as a alternative renewable energy. However, commercialization of cellulosic ethanol depends heavily on technology
development. Processes such as securing enough biomass optimized for economic processing, pretreatment
technology for better access of polymer-hydrolyzing enzymes, saccharification of recalcitrant lignocellulosic
materials, and simultaneous fermentation of different sugars including 6-carbon glucose as well as 5-carbon
xylose or arabinose waits for greater improvement in technologies. Although it seems to be a long way to go
until commercialization, it should broadly benefit farmers with novel source of income, environment with greener
and reduced level of global warming, and national economy with increased energy security. Mission-oriented
strategies for cellulosic ethanol development participated by government funding agency and different disciplines
of sciences and technologies should certainly open up a new era of renewable energy.
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Figure 1. CO, circulation upon cellulosic ethanol utilization.
CO; emitted by transportation vehicles is taken up by green
plants through photosynthesis. The stored CO. as glucose
polymer is hydrolyzed into glucose monomer before production
of ethanol via yeast fermentation. Due to the circulating
pattern of CO,, the net increase of the green house gas in the
atmosphere nearly equals to zero.

A BAH B} AT 4 otk olo] i) AERA o
e Eo] AR - WA, S5l 5 - ol Aee)
A Ak ABE FARE 7] G2 2 Hfolst Uk E
o AR gl 7X\e Batste] uFel 2] 4] o)
232 20060 o]o] 2007 A A= &S 2017d7}
A 0] ofgke AARS 3500] A (F 13009 PE) oz
ST BEY 7Rl 255 wae] 23 A 7}
33t ofghg ool 1509 AL AASHA MBRA ok
2 ulx) 2009 A Ak ou2 A=, oS
Sl3) % 362029 cibe ABEA ok Ao ExHA
]:},:17_ }:ﬂ-*g]t]]. 011;]-

AR uhol QoleheS lFE ofe] 7 AR} 7
WD glek. vho]2ofek o] ThE PhAelHol i) 2
Fa4e Themt Zo| A 4 ek WA vojeojerge
o Qlzels Aolth 2, AA AU S0 HY B
B2 A Gk AFH B9 25 drg 2 /A4 2
& glo] Wol 2olHeR BT 4 Yk olek Eh 4
g2 AREE volooEhe e BHHO R S 59
& 7Ivo.2 Siek Aolt. 9u] FTAS) eh2e] uhe o %S
T A 2 S W AR JEE Sl 59
& polmug e TR TEAZ 9] fEolt
2, 7t Aol Aol gHe Hro] 2o]u A BHES Aufstel B
oA 33 Mol 2R EE WA o1 st A 2o1

3 129 5ol solud A2 eldol 324 &
Sl7] ol 52 FAVE B4 AU Asiet shck
MRS FolRDS ZHe 50 WHS B3 A o
o A% AYE AnA= 7]elg Aoleh. Fouct g2 A
e A W Aol Glotd TP 2 SERke A A

Biodiesel

Corn Soybeans Biodiesel

Grain Repeseed Cellulosic Sugarcane Waste
ethanol { thanol thanol  Cooking oil
° L_J
-25
e
= <50
=75
-100

Figure 2. Difference in lowering effects of green house gas emi-
ssion. Compared to the use of ethanol produced from comn
grain, cellulosic ethanol dramatically decreases the net emission
of green house gas by almost 80% (Source: Schubert, 2006).
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Figure 3. Molecular structure of cellulose which is a major component of plant cell wall. Both starch and cellulose are polymers
of glucose, however, they differ in the bonds linking the glucose monomer. Starch is formed by linking the glucose monomers with

alpha orientation, whereas cellulose is beta ([3-1,4-glucan).
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Table 1. Percent contents of cellulose, hemicellulose, and lignin
in major energy crop plants. Relative contents are shown by
percentage (%) (Source: Wiselogel et al. 1996)

Feedstock Cellulose Hemicellulose Lignin
Corn stover 36.4 22.8 16.6
Wheat straw 38.2 24.7 234
Rice straw 34.2 245 234
Switchgrass 31.0 242 17.6
Poplar 49.9 20.4 18.1
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Figure 4. Nitrogen use efficiency hypothesis of perennial
plants. Roots and aerial organs of perennial plants alternate
between energy storage and use. During Spring and early
Summer, stored energy in the roots move up to the aerial parts
to initiate growth. When the Fall stimulates senescence, the
energy moves down to the root for storage. Aerial parts can
be harvested for cellulosic ethanol production during winter
season without severely harming the life pattern of the
perennial plants (Source: US DOE 2006).
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Figure 5. Derepression of light-dependent growth inhibition. A
mutant plant that is defective in the photosensory protein
PHYB displays an increased growth rate relative to a wild-
type plant. It should be possible to increase biomass production
by using this technique.
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Figure 6. Phenotypes of the transgenic plants that overexpress
the brassinosteroid biosynthetic gene, DWARF4. Left panel:
comparison of wild type (Ws-2) and a 35S::DWF4 plant. The
overall height of the 35S:.:DWF4 plant increased more than
50% relative to wild type due to growth - promoting effects of
the transgene. Right panel: to obtain poplar trees that have an
increased growth rate, the same construct was introduced into
poplar. Stably transformed T3 generation will be identified and
evaluated for the growth traits.
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