Korean Chem. Eng. Res., Vol. 44, No. 1, February, 2006, pp. 23-34

O

2047] & Af7F BAROR AMGE7) A oo Sehiele-

M
=

Industrial Biotechnology: Bioconversion of Biomass to Fuel,
Chemical Feedstock and Polymers

Sun-Gu Lee and Sunghoon Park"

Department of Chemical and Biochemical Engineering and Institute of Environmental Technology and Industry,
Pusan National University, 30, Jangjeon-dong, Geumjeong-gu, Busan 609-735, Korea
(Received 22 December 2005; accepted 1 February 2006)

ot

-

$e] QAR7} olFe Ale] WAL Az ZINE Fan k. WA UL ARg Sk Qs oiRe) A B
AE, SIOKE, 4% S0} A, FekiE, AR 5O SAAR 53] 488 AR A Qo el e
o A% Z7he) el B Wil 2 o1 shAe] $A5] Ak oM o] Qls) Al BA o] =
Sl ik, ek, SIS S A5 ol §3Re SRAIEY AZFHS AT s W Ayl oA
of QUFIA A2He BARAE oprlaka Ik, olo] Hlo| g AR AMgIHe A VRS EA, 3 14 BT
o1 15/40] EFEEISIcE 49 B ol ol ol Sk Sof thal s, S, Ak oM, ke,

3184 9 2 ob| Al B4 EAE thAAR, P10l ANSHE PHA 59 Hlol @ Eem o] Aol B89 5
el AT A vole A g TR A0 Tl gl

o]

k& (e

Or_’_
Ru% ELJ—PH og 7]_1_ g}/ﬂ%ﬁ

Abstract — The production of various commodity chemicals including fine chemicals, pharmaceuticals, bulk chemi-
cals, plastics, and fuels is based on fossil resources such as petroleum. However, the limited reserves and ever-increas-
ing demand of petroleum lead to the rapid elevation of its price. In addition, the traditional chemical processes using
petroleum as a raw material have been imposing a serious environmental burden to our planet including global warm-
ing. These problems can be alleviated substantially by employing biological raw materials and bioconversion processes.
Industrial biotechnology is expected to significantly complement or replace the current petroleum-based industry and to
play an important role in bringing about so-called “bio-based society’.
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Fig. 1. Trend in feedstock of chemical industry.
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Fig. 2. Various chemical products related with industrial biotechnology.
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Fig. 3. Schematic diagram for the production of chemical feed stock
from renewable resources.
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Table 1. Fatty acid composition of various bio-oils
Fatty acid Fat or Oil  C8:0 C10.0 C1220 C140 Cl6:0 Cle:1  C180 C181 C182 (183 €20:0 - C20:1 Other

C22.0 C22:1

Yellow grease 1 23 1 10 50 15
Tallow - - 0.2 2~3 25~30 2~3 21~26  39~42 2 - 0.4~1 0.3 0.5
Lard - - - 1 25~30 2~5 12~16  41~51 4~22 - - 2~3 0.2
Butter 1~2 2~3 1~4 8~13 25~32 2~5 25~32  22~29 3 - 0.4~2 2~1.5 1~2
Coconut 5~9 4~10 44~51  13~18 7~10 - 1~4 5~8 1~3 - - - -
Palm kernal 2~4 3~7 45~52  14~19 6~9 0~1 1~3 10~18 1~2 - 1-2 - -
Palm - - - 1~6 32~47 - 1~6 40~52 2~11 - - - -
Safflower - - - -- 52 - 22 76.3 16.2 - - - -
Peanut - - - 0.5 6~11 1~2 3~6 39~66  17~38 - 5~10 - -
Cotton seed - - - 0~3 17~23 - 1~3 23~41  34~55 - - 2~3 -
Comn - - - 0~2 8~10 1~2 1~4 30~50  34~56 - - 0~2 -
Sunflower - - - -- 6.0 -- 42 18.7 69.3 0.3 1.4 - -
Soybean - - - 0.3 7~11 0~1 3~6 22~34  50~60 2~10 5~10 - -
Rapeseed - - - - 2~5 0.2 1~2 10~15  10~20 5~10 9 50~60 -
Linseed - - - 0.2 5~9 - 0~1 9~29 8~29  45~67 - - -
Tung - - - - - - - 4~13 8~15 72~88 - - -
AHEQ1 ethylene®] 57348 (hydration reaction)o]l 23l A4k 31 nlo] o)A e] Ak Bl WA thesk dlshik-2-of &) oozl
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5 U8z o] 83t setaeta] Wyl uls) ZAZo]A] ekt uk
244 bioethanol A2 3% SHelA A4, 5 ollehE2 3ahf-
R} CO WIED 57%, ©3}54 W NOx ilE2-2 22} 64%, 13
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Energy, Badger State Ethanol, Glacial Lakes Energy, Midwest Grain

Processors, ADM, Ethxx & U}5=2] 7|¢do] A 7|wke] FHeielz}
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Fig. 4. Production of biodiesel by transesterification reaction of bio-oils.
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u]=t oA (US DOER 2004 82 mejo] il slehE 2]
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Table 2. Potential chemical building blocks identified by DOE, USA
as key feedstocks in future biorefineries

Carbon Carbon

4 Building block 4 Building block
3 3-Hydroxy propionic acid 5 Itaconic acid
Glycerol Levulinic acid
4 3-Hydroxybutryolacton Xylitol/Arabitol
Aspartic acid 6  2,5-Furan dicarboxylic acid

Glucaric acid
Sorbitol

1,4 Diacids (succinic, fumaric,
malic acids)
5 Glutamic acid

l5Hast Ml44H MI1S 200641 28

9] top value-added chemicals® &=2]v thA|ge AR E +=8 o 7}
A HEAH O F EE T Qlt). Table 2t ©]5 £35S ghagro]
2 gl et A Holer
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oF 10007 TFE= BAME AL QlE Holrh & =iolM= T
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acid®] WEFEA Akt o529 KAl A 7FsA T ATn
A} s},
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Fig. 5. Derivatives of 3-hydroxypropionic acid.
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o] ¥ 'hagggol]”] whtel o4& &85t 1,3-propanediol 2]
AdsdS T7MI71E A, 4, E82Q1 Qs 9 Akslekel 9
= Tl A o T eR s HQIt) Fig 62 HE
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3-phosphate dehydrogenase)?} GPP2(glycerol 3-phosphate phosphatase)
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Fig. 6. Metabolic pathway from glucose to 1,3-propanediol in the recombi-
nant E. coli developed by Genencor and DuPont.
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Fig. 7. Derivatives of succinic acid.
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Fig. 9. Structure of PHA produced by microorganisms.

Table 3. Derivatives of PHA

Polyhydroxyalkanoate Side Chain
Polyhydroxybutyrate (PHB) -CH,
Polyhydroxyvalerate (PHV) -CH,CH,4

PHBV (Biopol) -CH, and -CH,CH,
PHBHx (Kaneka) _CH, and -CH,CH,CH,
PHBO (Nodax™) -CH, and -(CH,),CH,
PHBOd -CH, and -(CH,),,CH,
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Table 4. Various applications of PHA
Market Applications
Polymer Performance PLA
Improvers Cellulosics
Starch
Synthetic Biodegradable Polyesters
Fibers and Nonwovens Textiles
Wipes

Adhesives

Film
(including multi-layer)

Functional Specialties

Molding Resins

Coatings

Other

Personal Hygiene Products
Filtration Products
Carpets

Hot Melts

Pressure Sensitives
Tie Layers

Heat Seal Resins

Barrier Layers
Packaging

Agricultural Mulch Film
Trash Bags

Lawn and Leaf Bags

Controlled Release
Binders for Metal & Ceramic Powder

Consumer Disposables
Containers

Appliances

Toys

Automotive

Water Resistant Paper and Board Coatings
Architectural Paints
Wood Products
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Fig. 10. Polymerization of lactic acid.
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