The Petrochemical Industry

In The World



Figure 3: Organic Chemicals and Building Blocks Flow Diagram
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MAJQR END USE MARKETS

END USE

US MARKET
2000 (kTons)

Percent of
Total Market

PACKAGING (Bottles, Film, Cups, etc.)

9683

25%

BUILDING & CONSTRUCTION
(Pipe, Siding, insulation, etc.)

83554

22%

CONSUMER & INSTITUTIONAL
(Toys, Housewares, Medical, etc.)

5290

13%

TRANSPORTATION

1846

5%

FURNITURE & FURNISHINGS

1694

4%

ELECTRICAL/ELECTRONICS
(W&C, Computers, Appliances, etc.)

1461

4%




Specific Petrochemicals &
Polymers



Methanol

METHANOL MANIA

The U.S. may see more than 30 million metric tons of new capacity

CAPACITY
(THOUSANDS
OF METRIC TONS COST START-UP

LOCATION PER YEAR) ($ MILLIONS) YEAR2
Celanese Bishop, Texas 1,300 na na
Celanesa/Mitsui Clear Lake, Texas 1,300 $800 2015
Fund Connell Texas City, Texas 7,200 4,500 na
Lake Charles Clean Lake Charles, La. 1,000 2,600 2016
Energy®
LyondellBasell Channelview, Texas 720 150 2013
Industries®
Methanaxd Geismar, La 2,000 1,100 2014
NW Innovation Works Kalama & Tacoma, 10.500 5400 2019

Wash.; Port Westward,
Ore.

QClI Beaumont, Texas 1,760 na 2016
South Louisiana St. James, La. 1,750 1.300 2016
Methanol
Valero St. Charles, La. 1,700 700 2018
Yuhuang St James, La. 3,000 1,850 2018

a Year of the earliest production for multiphase projects. b Project entails the gasification of petroleum coke to
make methanol and hydrogen. e Project is a restart of a plant that has been shuttered since 2004. d Company is
moving two plants from Chile to the U.5. na = not available.

SOURCE: Companies



Table 6: Distribution of Uses for Ethylene

Product Percent of Ethylene Use
Polyethylene 54
Ethylene dichloride 16
Ethylene oxide-glycol 13
Ethylbenzene-styrene 7
Linear olefins-alcohol 3
Vinyl acetate 2
Ethanol 1
Other 4

Source: Kirk-Othmer Encyclopedia of Chemical Technology.




Figure 1: A Simplified Ethylene Flow Chart
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Figure 4: Ethylene Products
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2002 North American
polyethylene production

—

Flastics Mews praphic by Scolt Merryeeather

= Dow Chemical Co.

&= Exxxon Mobil
Chemical Go.

& Equistar
Chemicals LP

& Chevron Philli
Chemical Co. LP

&= Nova Chemical Corp.

Total: &= Solvay Polymers
42.7 biliion pounds -."“ Other

“Frojected

saurce: Nexant Inc/ Chem Systems, White Plaing, N.Y.
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Middle East polyethylene capacity

<o Saudi Arabia
<] Kuwait

Flashes News grphic by Annatla Mirous

8.6%

I
11.2%

2000 total markel:
10.3 billion pounds

< Iran

< Qatar
< Dthers

2007 total market:
28.2 billien pounds

source;DehVitt & Co., Houston



GROWTH OF ETHYLENE CAPACITY IN THE MIDDLE EAST

Ethylene Capacity (Million tons per year)
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Table 7: Distribution of Propylene Use

Product

Percent of Propylene Use

Polypropylene

36

Acrylonitrile

16

Propylene oxide

11

Cumene

Butyraldehydes

Oligomers

I[sopropyl alcohol

Other

Source: Szmant,
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PROPYLENE MARKETS

PRODUCT Percentage of Total 2000-2004
Production Forecasted
2000 Growth Rate (1)

POLYPROPYI.ENE 57% 6.7%
ACRYLONITRILE 11% 4.3%
OX!g( ALCOHOL 8% WA
CUMENE 6% 4.4%
PROPYLENE OXIDE 7% 4.3%
OTHER PRODUCTS 11% -~

TOTAL - 2000 51.2 MM Tons 5.6%

(1) Petroleum Technology Quarterly 2001, page 132




Figure 5: Propylene Products
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Source: American Chemistry Council. 2001,




Table 8: Distribution of Benzene Use

Product Percent of Benzene Use
Ethylbenzene 52
Cumene 22
Cyclohexane 14
Nitrobenzene 5
Chlorobenzenes 2
Linear detergent alkylate 2
Other 3

Source: Kirk-Othmer Encyclopedia of Chemical Technology.
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FIVE YEAR DATA PET - usa

Year Demand Aver. Annual Price
Millions of Pounds container-qrade,
contract Gulf, dhvil.
$/Pound

1997 8 5450 .52

19595 8 /ol 0.5

19499 8 835 .57

2000 o220 .61

2007 9 4450 .65

2002 4 /a0 .60



Uses

w camet fiber

x clothing

» fishing lines

» footwear

» fiylon fiber

» pantyhose

» windpants

» toathbrush bristles

= Y8l

» airbag fiber

» auto parts: intake manifolds,
qas (petrol) tanks

= slings and rope used in
climbing gear and slacklining

® machine pars, such as gears
and bearings

= parachutes

» metallized nylon balloons

» clagsical and flamenco quitar
stting

» paintball marker bolts

s racuetball badmintan,

squash, and tennis racquet
sthings

= Strings far String instruments

o Drumstick heads

o Ag filter media in sterlizing
grada filters

« Flexible tubing

» Dasketball netting

s sutures

. ﬂags
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Comimon synthetic fibers include:

Favyvon (1393100 (artificial, not synthetic)
m Scetate (1924) (artificial, not synthetic)
My lon (1935
FModacrylic (15945
Cilefin (19459
= Acrylic (19500
Folyvester [1953)

—pecialty synthetic fibers include:

= inyon (1335
—aran [(1941)
Spandex (1955

= inalon (19349)

= Aramids (1961) - known as Momex, Kevlar and Twaron
FModal (1260's)
FEBEI (Folybenzimidazole fibre) (1953)
Sulfar [(19583)
Lyocell (19922

w [DyvneemassSpectra (1979)



USA syn fiber statistics

Key Industry Statistics

Key Industry Figures
Industry Revenue
RevenLe Growth
Industry Gross Product
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Where Are They Now?

I 2004, the Energy Department identified a set of biomass-derived compounds best suited to replace petroleurn-derived chamicals.

i Bio-scorecard
DOE's Topls Source Downstream chemicals and materials | Key uses and products Mow i Likely inl0 years | grade®
Succinic acid (plus Bacterial fermentation 14-Butanediol, tetrabydrofuran, Solvants, palyesters, polyurethanas, nylon, food Yes E Yes :
furmaric and malic acids) of glucosa, charmical ywhultyralactans, malelc antsdrids, and bevarags acidity contral, fabrics, Inks and [ :
a aotdation of pyrrofidaonas paints, much mom E 1 A
MO 1 4-butanadial ! 1
‘Lr"\)l“m i
2,5 Furandicarboxylic acid | Chemical delwdration of | 2 5-Dihydroxyme Palyathylene terephthatate analogs. polvarnidas Gcrﬁingi Yes
glucosa, addation of Z,ﬁ-his(a'rinunaﬂ'yl}tatmhydnﬁu’m such as nylan, plastic bottles and containers, s00n i -'B
mj\@j\w S-mydraoyrmathyllurfural fabrics, carpet fibar k
3-Hydroxypropionic acid Bacterial farmantation 1. 3-Propanadial, acrylic acid, methyl Paylrimathylens tarmphthalate, acrylate polymers, Mo i Yes
a of glycaral or glucosa acrylate, acrylamide canpat fibar, paints and adhesives, supambsarbant : E
uaf‘\fﬂ‘cu palymars for dlapers, cantact lansas [
Glycerol Chemical or anzymalic Propylene glyeol, ethylana phyeol, Polyesters butanol, soaps, cosmeatics, foods and Yes i Yes
o transestanification of 1. 3-prapaneadiol, ghycanc ackd, lactc beverages, antifreera/deicing fluids, i -'B
rﬂ-‘_,..lvud vegatable ails acid, acatol, acrolein, epichlomhydrin | pharmaceuticals, coatings, carpet fiber i
Sorbitol Hydiraganation of Bosarbide, propylena glyeol, ethylans | Sweestanars, mouthwash and teothpastea, Yes i Yes H
M glucosa fram oom syrup, | @lyveo], glycarod, lactic adid, alkanes sigar-frea chewing gum, pohyethyvlana ! E -Eb
m,-\_,t‘jvm bacterial fermantation tarephthalate analogs, fusl ingradiants, H i
Gn & | {under development} ! 1 antifreazaddaicing fluids, water treatrment i 1
Xylited (plus arabinitol) i Hydrogenation ol xylosa, i Propylense glyool, ethylens ghycol, i Sweetenars, sugarfres chawing gum, cough drops Yes i Yes E
1 gxlraction from 1 glyocarol, xylaric acid, furfural 1 and madicines, antifreezeAdaicing fluids, new i .: c—
A i lignocellulose, bacterial | | palyesters :
i farmentation (under : : 1y
i devalopment) i | H
Levulinic acid | Acid-catalyrad | 2-Methyltetrahydmoturan, | Fusl ingradients, salvents, acrylate polymers, o Mayha i
-]  dehydration of sugars 1 yvale rolactone, 1 A-pentanadiol, 1 BPA-fres polycarbonates, polyastars, polyamadas, ! Cn
o : | acetylacrylicacid, diphenolic acid, | pharmaceuticals, harbicides, plastic botfles and 1
! ' capralactam, adiponitdie, pyrolidones | containers E
Itaconic acid E Fungal farmantation of E A-Mathyl-y-butymilactona, E Styrene-butadiane copoly mers, polyitacanic acid, Na Mayba .
2 i\ gluocose | Fmethyltstrabydrofuran, i rubber, plastics, paper and architectural coatings C—
mwm : | pyrrolidones :
-Hydroxybutyrolactone | Multistep chemical | 3-Hydireney tetrabydroturan, | Solvarnts, synthetic intermeadiatas for Mo Mayba —
1+ synithesis fram starch | acrylate-lactons, | pharmacauticals, palyurathans fiber analogs, new c-
ﬁp : | Faminotetrahydrofumn | palymers
i H H H
Glutamic acid | Bacterialfermantation | 15-Pentanadiol, glutarc acid, | Polyesters, nylon analogs, glutamate flavar Ma Mayhe +
Wj\/ﬂh | of glucose \ Bramino-1-butanol \ enhancears, fabrics, plastics b
Glucaric acid | Owidation of starch or | Lactanes, polyhydroey polyamides, | Solverts, nylon analogs, branched polyesters, Mo i Mayba :
| glucose by nitric acidor | adipicacid | fabrics, plastics, detargents ! ! b
B oM oM ' ' ' i H
! blaach 1 ! i '
o 1008 = = e s
=] : H H H H
Aspartic acid E Enzyrmatic armination of E 2-Amino-1 4-butanadiol, E Aspartarme, polyas partale, sweelaners, chalating Mo E Mo E =
MM, O i Turmaric acid, : J-aminotetrahydroluan, aspartic i agents for water treabment, supembsorbant i .: b
HO o ! farmeantation route 1 anhydride, amino-ybutyrolactons ! palymers for diapers 1 '
i (under dewalopmeant ) i i I |
mﬂﬂ-pﬂhmcmﬂﬂ“dmgw‘nlpmﬂmduﬂmhm Feama it B diois. acetic achd, acrylc ackd. adipic ackd . Imhn-i.ﬁnﬂmu_p BOURCES: Go and ndustry o
xybene, h:hlhl;l.ﬁﬂtjzdm o b acid hdm-.ar;mzhdn ISwld grade bamed an [ i eperts mEErmaion

and by CREM: g oo

! whlmﬁy C= activaly pu

F = no achwty.




