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Agricultural Industry Bio Industry

» Industry Characteristics

Chemical Industry

Capitalist Large Scale
Management (AI2Fo|X [f1 2 ZY)

Relatively Small Scale Management
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Capitalist Large Scale
Management (AF2F0o|X 2 A Y)

Labor Intensive
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Experience basis Technology
(7l & 50| 8O[5IX| &

(k=]

Process basis Technology
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High Capital Barriers

High Technical Barriers

High Capital Barriers
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Economic Barriers industrial Biomass & Biomass-based Industry

= Barriers for Commercialization

Biomass

Pre-treatment

Feedstock issues

Fermentation
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Chemical Partner

Derivatives

» \Waste

Separation

Technical/Operational issues

\ 4
\
’

Catalytic Conversion
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nomic | |« Transport * Yield » Operation cost . Waste development
« Labor * Waste - Complexity of synthesis - Operation cost
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Environ . : . : o .
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-mental ey :
» Safety and Toxicity of Organisms
» Heath and safety, Quality of working conditions, impact on employment, Education and training
Social * Knowledge management, Innovative potential, Customer acceptance
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» Potential Global Player
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Offering the best of nature
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= Global Business Model

PLA

/W
@& NatureWorks cargl” @Pﬂ (140,000 MT/year)
& DuPont Tate & Lyle . 1.3-PDO
& BioProducts TATE“ LYLE (45,000 MT/year)
o 8 @ Succinic acid
Succlnity Corbion BASF (10,000 MT/year)
& mTSUIeco. LTD Succinic acid
ot (30,000 MT/year)
W - . .
R&D Cargill  novorymese: BASF Acrylic acid

(Pilot-plant)
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http://www.google.co.kr/url?sa=i&rct=j&q=PTT&source=images&cd=&cad=rja&docid=z8WQ7q7dAkLytM&tbnid=hagC4Mzcog3omM:&ved=0CAUQjRw&url=http://www.thaivest.com/tag/ptt&ei=h7vwUbaIJYWZkgWd-oCwAg&bvm=bv.49784469,d.dGI&psig=AFQjCNEeIciH3F2JkleR2tP39xzLMwQcNQ&ust=1374817538166908
https://www.linkedin.com/company/bioamber-inc.
https://www.linkedin.com/company/bioamber-inc.
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GS Ca|teX COI‘pOFa'[IOI’] Industrial Biotechnology

— alue No.1 Chemical Partner

= GS Caltex Business Domain since 1969

Oil Refining (M &) Petrochemistry (Mg 3}sh

Kixx _
pgriMe

A F|HI O
k=l e

Plus
Biomass-based Industry

\. » Fast Growing Global Market of Tremendous Size

v Biofuel: $106B in 2010 =» $1106B in 2025

Industrial v Biochemical: $42B in 2010 =» $294B in 2025

Biotechnology
(BioChemistry)

» The Game Changer in Fuel and Chemical Market
v'  Bio-based share: 3.0% in 2010 =» 17% in 2025

Environme

@ GS Caltex
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Activities cs caltex Corporation

alue No.1 Chemical Partner

= Activities of GS Caltex for IB since 2006

2006 :

2007 :
2009 :
2010 :
2012 :
2014 :

2015:

Industrial Biotechnology Initiation

Propylene Glycerol project, Glycerol Carbonate project

n-Butanol project

2,3-Butanediol project, Nylon 4 project, Collaboration with CHANGAHE 6' CHANGHAE

GS Bio Establishment (Biodiesel and Glycerol), Collaboration with DAESANG 'l DAESANG CHaZFAISIA

Polytrimethylene-tereph-thalate PTT project

Value No. 1 Chemical Partner

BioCombinat Demo-plant project initiation (2,3-Butanediol, 1,3-Propanediol, Pyrrolidone)

n-Butanol Demo-plant project initiation (02June2015)

BioCombinat Demo-plant project groundbreaking ceremony (23Sep.2015) !’-"_'El"-h"fi D"e“’“uﬂﬁ'w
oy o pr—

s, U Blol2 B9
TOOH SR AAEEZ 420 22AE

JIMLE 20150324 17:49:24 | FHESFT 201509.24 19:56:48

GSEEI A F Ao ML o
Hel AR H 2 M2 g8 8
BICH B S 20 3 o 5=0f 2
012 JEA Z 0t WS EE A MG
Che 7RSS A=z LiEtch

GSZY AL SHA|Y HIO|2AY
P A NS AY
-HO[ORHLIE J WA Y 75
HE2M  (RAH 200908)
-201944 A(B2E
-HOIQREIE HZKH
(5002481 £, 88 2 £3)
- XA HEE LA R4

=]
=

EEI
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e RS0l Htol 2 Wit do] #=2
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Bio-based Products cs calex Corporation

= R&D Status

12/21

alue No.1 Chemical Partner

Biomass Intermediates 1P Chemicals/Fuels
Vegetable oil Extraction > Oils Catalytic reaction o Fuels/Chemicals
Rape, Soybean et al. Diesel, PG, GC
A
i Fermentation Fuels/Chemicals
Sugar Compressing >
-But I
Sugarcane -Butano
A
Starch Hydrolysis Fermentation Chemicals
Corn Wheat et al > Sugars > EtOH, 2,3-BDO, Lactate
. . 1,3-PDO, Pyrrolidone
Lignocellulose | Hydrolysis Svnthesi 5
nthesis
Wood, Straw et al. Y |, Polymers/Solvents
PTT, Nylon4, Ethyl Lactate
A
> Syngas ~ Energy
CO, H, Heat, Electricity

Organic Waste
Paper, Food et al.

g GS Caltex



n-Butanol Properties & History

= Properties
— C4 alcohol (CH;CH,CH,CH,OH)
— Isomers (normal-, iso-, secondary-, tertiary-)

— Normal- and iso-butanol have limited solubility

Molecular weight (g mol*) 74.12
Density (g cm-3) 0.8098
Boiling point (°C) 117.73
e 9.1 mL/100
-3
Solubility in water (g cm) mL H,0
ience, Man of God:

13/21

alue No.1 Chemical Partner

History

2006: GS Caltex has started R&D for butanol fermentation

2005: Restarting butanol fermentation as the next generation
biofuel

2004: Shutdown the last ABE fermentation plant in China

1960s: Declining ABE fermentation due to undermining its
competitiveness against petro-based process

1950s: Developing ABE fermentation process in China
1939 — 1945 (World War I1): Increasing acetone demand

1914 — 1918 (World War 1): Running the first commercial ABE
(acetone, butanol, and ethanol) fermentation plant in U.K.,
U.S.A, and Canada for manufacturing explosive powder

1915: Issuing the first patent on microbial butanol production
from corn

1862: Finding microbial butanol formation by Pasteur

g GS Caltex
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n-Butanol Derivatives & Market

Value No.1 Chemical Partner

HBC\\/\/D\\/\\OH Q

Hzci“)J\O/\/\CHS Ethylene Glycol Butyl Ether

(Coating agent) Butyl Methacrylate

Butyl Acrylate (Paint, Lubricant additives, Fabric
(Paint, Ink, Adhesive) conditioner)
0
O
)I\ /\/\ 0/\/\CH3
PN >
O O H O\/\/CH3
n-Butanol
Butyl Acetate o]
(Solvent, Flavoring agent, Dibutyl Phthalate

Extraction agent) (Plasticizer)

« World Market: around 4 million tons » World Market: around 85 million kiloliters
« Asia Market: 50% of world market » Asia Market: around 4 million kiloliters

& GS Caltex
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n-Butanol Production _ CellLig™

alue No.1 Chemical Partner
» Lignin for Power Generation

LIGNIN (40%)

P . ratior
- Heat capa. = 6000 kcallkg ower generation

- Steam and Electricity

Empty Fruit Bunch
= Hemi/Cellulose for Fuels and Chemicals

Pretreatment & Hydrolysis Fermentation Separation & Purification

- Feedstock Flexibility - Simultaneous C5 + C6 : _ L
. . - High Energy Efficienc
Hemi/Cellulose - High Sugar Recovery Yield Fermentation ) High PuritgyProduct[oz
(60%) - Recovery and Reuse of - High-performance
Sulfuric acid Commercial Microbe

A

F2

Butanol

& GS Caltex
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2,3-Butanediol Properties & History

alue No.1 Chemical Partner
= Properties = History
— C4 alcohol (CH;CHOHCHOHCHS,)
— Isomers (2R,3R-, 2S,3S-, 2R,3S-stereoisomers) Not yet Commercially Available !!!

— Colorless and odorless

Molecular weight (g mol1) 90.12
Density (g cm-3) 0.987
Boiling point (°C) 177
Solubility in water (g cm-3) Miscible

2009: GS Caltex start R&D for 2,3-BDO fermentation

» 2,3-Butanediol Producer : Sigma-Aldrich
— Medical usage

— Laboratory usage

1939 — 1945 (World War II): Starting 2,3-BDO fermentation
to produce 1,3-butadiene for manufacturing polybutadiene
used in a leading type of synthetic rubber

@ GS Caltex
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2,3-Butanediol Derivatives & Market

Value No.1 Chemical Partner

0 CH,
k o R
R o \‘(
CH, O

Plasticizer (diesters)

OH o

Dehydrogenation | |

*Pesticides Control Agent
*Growth-promoting Substance
Precursors of Polyurethane (2R,3R-BDO)
for cosmetics and drugs

*Cosmetics
*Personal Cares
2R,35-BDO

Esterification with
monobasic acj

Esterification

v
I
«Q
§
O
I
@

OH |

2,3-BDO Food flavoring agent (diacetyl)
Dehydration . . .
1) Direct dehy on (thoria catalyst)
Dehydration 2) Esterification wit tic acid/pyrolysis
CHj

H;C 2-Butene 1,3-Butadiene

*  World Market: around 3.3 billion dollars e World Market: more than 10 billion dollars
e Domestic Market: more than 103 million dollars * Domestic Market: more than 100 million dollars
¢ World Market: around 1.8 billion dollars e World Market: around 17 billion dollars ex

* Domestic Market: more than 120 million dollars « Domestic Market: more than 2.4 billion dollars
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2,3-Butanediol Production _ BioCombinat

Value No.1 Chemical Partner

» BioCombinat Schematic Diagram

Liquefaction

Sacchgifigation

o

o
ﬁ S A

) /

; \\
ﬁ ‘fj } 1 ﬂ Pyrrolid

Pretreatment o Enzymatic Solid/Liquid Temp.-Rising Sep./Pur.
Saccharification Conversion Separation  Conversion

> Ethanol

- Sterilized W/W

-
» Salt-free Nutrients

—>
Distillation * C5 Sugars
* Glycerol

l il
n%‘ >1 2,3-Butanediol

Evaporation
1,3-Butadiene

Al

Catalytic
Conversion

Pyrrollidone

»
>

@ GS Caltex



Status  Demo-Plant
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alue No.1
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Chemical Partner

@ GS Caltex
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Commercialization _ Strategy

alue No.1 Chemical Partner
= Exclusive Port

= Huge Potential Market next to Honam Region for Fuels and Chemicals
Less than 2 days transport by ship, Two million dollars : 388 thousands (75%)
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GS Caltex R&D center

Thanking for your attention
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