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Surfactant Technology



Surfactants are Simple

Hydrophobe Hydrophile

Linear Alkyl Benzene Sulfur Trioxide

(LAB) « Ethylene Oxide
Detergent Alcohols « Ammonia (Amines)
Alpha Olefins » Chloro-acetic Acid
Nonyl Phenol ¢

Fatty Acids

Methyl Esters
Fats and Oils




Simple Technology Matrix

Hydrophobe
Oleo, Petro or GTL

Hyvdrophile

Derivation

Alcohol — Petrochemical (Ethylene)
Oleochemical (Davy, Lurgi)

GTL (Sasol)

LAB - Jet Kero -> n-paraffin
HF, AICI;, UOP
Hi 2-Phenyl, Lo Tetralin

LAO - Ethylene Oligomerization

Fats/Oils Animal / Vegetable

SO,

EO

'NH2

MCA

Mined or Recovered Sulfur

Purified EO vs MEG for
PET value chain: Pipeline
vs railcar vs truck
“‘Natural” EO

Oleo or Petro derived

..or SMCA

Combination
/ Processing

 Sulfonation

— Multi-tube Film /Oleum / Ice-Cold / Annular Ring

— Vacuum Neutralization

« Ethoxylation

—Conventional Stirred Tank (CSTR)
—Enhanced Loop Reactor

* Drying / Granulation / Pelletization




Evolution of Surfactants

The last 3 decades have been spent tweaking
existing products — with an eye to HS&E

— BAB — LAB

— DTDMAC — Ester Quats

— NPE — LAE

— Low color — all products

— Low dioxane Ethoxylates, SLES, ALES
— Low Carbonyl Detergent Alcohols

— Low tetralin LAB

— Nitrosamine Free

— Animal Free

— Sulfate Free

— “Natural vs Synthetic” Rise of Oleo Alcohols
— Emergence of GTL



Anionic Surfactants — Current Standards

» QUALITY STANDARD WILL BE AFFECTED BY THE INCREASING “SPECIALIZATION" IN USING
ANIONIC SURFACTANTS

F.O. Na,SO, Klett Color
PRODUCT AM (%) (on 100% AM) | (on 100% AM) | (on 5% AM sol.)
LABSO,H 97 5-977 08-10 05-06 (+) 10 - 20
FAS (12-14 nat.) 70-75 08-10 08-12 5-10
FAS (13-15 synt.) 70-73 10-12 09-13 15-25
FAS (16-18 nat.) 68 - 70 15-18 12-1.7 35-50
- AES-2EOQ (%) 70-73 05-10 06-1.1 3-10
L AES-3EO (™) 70-73 08-10 06-10 5-15
AOS (14-16/14-18) 70-75 10-16 10-15 25 -40
MES (12-14/16-18) 68 - 70 (™) 08-15 15-18 40 - 50 (")

(¢) [ AsH,S0, content

(*y 1,4 Dioxane content of max. 30 ppm (on AM basis) with FO = 2% max. (on AM)
(**) 1.4 Dioxane content of max. 30 ppm (on AM basis) with FO = 2 5% max. (on AM)

(***) : Di-salt content = 5% max. (on tot. AM)

(****) - Color figures after bleaching

Source: Ballestra

Further reduction to 10ppm via Vacuum Neutralization




Anionic Surfactants — Dioxane Reduction

NeH/H 0 COOLER

SULPHUREX F
Vacuum neutralization
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Nonionic Surfactants — State of the Art Ethoxylation
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Feedstock Economics



Two Decades of Cost Drivers

 Crude Oill
Petro < — Jet Kero
 Natural Gas

Oleo . *» Vege Oils

cTL = Coal



USD/Barrel

World Avg Crude Oil Spot Price (USD/BBL)
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US Cents/Gallon

Jet Kero (SIhgapore) US Cents/ Gallon
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US Natural Gas Wellhead Price (USD/'000 Cubic Feet)
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Historical Price Relationship between CBOT Soybean Oil and Bursa
Malaysi_a E‘rm:_le Palm Qil Futures, 1995-Present
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Average US Coal Price (USD/Short ton)
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Vege OIil Prices Moving in a Band with Crude Oill
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USD/MT

Feeds through to Alcohol and Beyond

Lauryl Alcohol Pricing (FOB SE Asia)
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Sustainability



Sustainability Problem 1 — Peak Ol

World Production (CO+NGL)
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Millions MT

Vegetable Oil Growth
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Palm Oil Growth
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Palm Oil Sustainability

The Roundtable on Sustainable Palm Oil:

* Promotes the growth and use of sustainable oill
palm products through global standards

— Respect for rights of land owners, farm workers,
smallholders and their families

— No primary forests or high conservation value areas
sacrificed for new palm oil plantations

 Formed in 2004: Today 360 Members including

— Oil Palm Growers, Consumer Goods Companies, Retallers,
Investors and others

Source:
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Biomass to solve “Peak Oil”’?

3 Generations of Bio Fuels and Chemicals

* 1: Vegetable Oil / Corn / Sugar Derived

« 2: Non-food crops /Jatropha/ Bio-Mass

« 3: Algae —“Industrial Farming”



Sources of Petro/Oleo-Alternatives

Crop Qil Yield Land Area % of existing

(L/ha) Needed (M ha)® | US Crop Area=
Corn 172 1,540 846%
Soybean 446 594 326%
Canola 1,190 223 122%
Jatropha 1,892 140 77%
Coconut 2,689 99 54%
Oil Palm 5,950 45 24%
Microalgae® 136,900 2 1.1%
Microalgaec 58,700 4.5 2.5%

a) For meeting of all transport fuel needs of USA

b) 70% oil by weight in biomass
c) 30% oil by weight in biomass

Source: “Biodiesel from Microalgae”, Biotechnology Advances (25), 2007, Yusuf Chisti




Oil Content of some Microalgae

Microlaga Qil Content (%
dry Weight

Botryococcus braunii 25—-75
Chlorella sp. 28 — 32
Crypthecodinium cohnii 20
Cylindrotheca sp. 16 — 37
Dunaliella primolecta 23
Isochrysis sp. 25-33
Monallanthus salina >20
Nannochloropsis sp. 31 -68
Neochloris oleoabundans 35-54
Nitzschia sp 45 — 47
Phaeodactylum tricornutum 20 - 30
Schizochytrium sp. 50-77
Tetraselmis sueica 15 - 23

Source: “Biodiesel from Microalgae”, Biotechnology Advances (25), 2007, Yusuf Chisti



Commercial Activity

Nascent but real

 Microalgal Biomass Market = 50 — 100 KMT/yr

Algae Annual Prod. Countries Applications
(MT Dry)

Arthrospira 3,000 China, India, USA, Human and animal nutrition,
Myanmar, Japan | cosmetics, phycobiliproteins
Chilorella 2,000 Taiwan, Germany, | Human nutrition, aquaculture,
Japan cosmetics
Dunaliella Salina 1,200 Australia, Israel, Human nutrition, cosmetics,
USA, China B- Carotene
Aphanisomenon flos- 500 USA Human nutrition

aquae
Haematococcus pluvialis 300 USA, India, Israel Aquaculture, astaxanthin
Crypthecodinium cohnii 240 USA DHA Qil
Shizochytrium 10 USA DHA Qil




Current Technology — 2 Examples
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Solazyme - Algae plus Biomass -> Algal Qill

Renewable Oil Production Process
up to 95% reduction in CO5 versus fossil fuels advanced biofuels g

bio diasel, diesel, jat,
bio crude

sunlight + CO4

l algal fermentation
TR
A.i:cul’rum and
i Industrial biomass _
f glr:nn:l. starches, ! :
f 3ugannteans s bets| . —* i [ i
Callulosics
switch grasses,
wirod woste
iR
fermentation vessel

INPUT TRAMNSFORMATION OUTPUT

Y

humun + animal
nufrition

edible zils, food
|ngru|:||:n1:.,

animal feed

) i
Source: i@ solazyme®:
L]



Algal Qils in Surfactant Value Chain

Raw Materials /F';imar\,r Oleochemicag Oleochemical Derivatives

f—'
FATS/OILS ESTERS
TALL OIL ¥ FATTY ACID > ELMPLETREM'DE
@ | TALLOW ™ L OZONOLYSIS PRODUCTS
g |_— INGREDIENTS IN MANY
.= | COCONUT OIL FORMULATIONS
&1 PALM OIL e
=
o] PALMKERNEL OIL FATTY NITRILES » FATTY NITROGEN COMPQUNDS
= | Designer Algal Oils p (E.G., AMINES)
- €12 enriched \
- €14 enriched FATTY ACID METHYL ESTERS —|— » FATTY ALKANOLAMIDES
L FATTY ALCOHOLS » FATTY ALCOHOL SULFATES
AND ETHOXYSULFATES
| GLYCEROL ! » ALKYD RESINS
\\_ / EMULSIFIERS
i )

Source: i@ solazyme®:
L]



Composition
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CHAIN LENGTH CONTROL: C12 ENRICHED OIL

BC12 Enriched Algal Dil
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HIGHLY SPECIFIC TRANSFORMATION TECHNOLOGY

Composition m Palm Kernel QlI mC12 Enrched Algal Oll
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Unique Specificity
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Source: i@ solazyme®:



SUSTAINABLE ALTERNATIVE TO ANIMAL FATS

Composition
B0% -
W Enriched C18 Strain BEeef Tallow
S0% -
40%
0%
20%
N L
u% .

Ca C10 Ci2 Ci4 C18 C18 &84 €2 Ci83

Source: i@ solazyme®:



Next Generation Surfactant Technology

Existing Technology

Uses methanol and base to produce Capacity expanded without capital
FAME and glycerol; then converts FAME  investment; additional revenue purely
incremental

!

Solazyme Gen Il Technoloqy

o's
Source: i@ solazyme®:
L]



Chemicals from Biomass - Elevance

Olefins o

Co-Reactants

v o mn

Elevnncf BioRefinery

- ——

M  Vetathesis Distillation 7 .
Bio-0il Derivatization/ I ): Specialty
Separations ' Chemicals

i

Trans-Esterification g a Distillation

== Esters
e - o=
Inputs > T Alcohol : ’
- Hydrolysis/ RN .
> Products Hy drogenation >\\ Oleochemicals
~

Source:




The Elevance bio-refinery produces 3 advantaged product streams

Specialty Chemicals

eNovel di-functional products

eFunctionality of
oleochemicals &
petrochemicals in one
molecule

eMetathesis is only economic
route to manufacture

*9DA (9-decenoic acid) is a
key product

Olefins

eAlpha and Internal olefins

«C10 - C18+

eUnique, high value product
distribution vs petrochemical
production

o1 —decene is a key product

Oleochemicals

*High distribution of C10 and
C12 tri-glycerides, esters or
fatty acids

*Process reduces C18 fraction

*Ability to use commodity oils
(vs CNO/PKO) to produce lauric
& decanoic

eLauric & capric/decanoic are
key products



Novel di-functional specialty chemicals: 9DA

* The natural product equivalent of a petrochemical building block.

» Possibilities for considerable innovation in a wide variety of markets and applications

N N
H5N NH,
O

o)

O o e SN
)LCgHm HoN OH
o

polyamide (amide, diamine)

HO Q CoHig O O _CoHig R e U U U
HO T \ﬂ/ Amination/ alcohols OH
OHOH ) 0 o
emulsifiers surfactants ﬁmldatlon//
2
Acylation Hydrogenation
O 0] O
I WOH _ WJ\OH

Decarboxylation 9-DA Epoxidation resins

Amidation/Hydrogenatio/ Y)onylation or Hydration o
HO
Q WOH

W\)L Branching
NH, O O
lubricants e) /W\/\/\)J\
HO OH

N N\
. — “SNH, OH polyester
amines/antimicrobials lubricants

olefins/fuels




High value Olefins

P R P e
C10-C18+ Alpha and Internal Olefins 1-decene

HsGM%WCHa
9-octadecene

Specific Products Example Applications Specifications & Comments
* 1-decene Lubricant & PAO Standard Industry specs

* C10-C18internal olefins Oilfield, Surfactants, Paper sizing Mixed stream or specific cuts

* 9-octadecene Qilfield, Paper sizing High purity, symmetrical olefin

* Competitive with petrochemical alternatives (quality and cost)
* Products available for qualification

» Off-take and Supply agreements currently in negotiation




Oleochemicals

i
NN
\OCH3
Decanoic & Lauric from feedstocks Decenoic acid methyl ester
(0]
other than PKO or CNO I
PV W W WV
\OCH3

Lauric acid methyl ester

Specific Products Specifications & Comments

* Decanoic (C10 or Capric) ester/acid Pure cut; standard industry specifications
e (C12 - 15 ester/acid Mixed stream

* C16- 18 esters/acids Mixed stream ; high palmitate (C16)

* Product distributions enable custom blends
* Product available for qualification

» Off-take Agreements & Specifications being established



Conclusions

* Recent surfactant progress - Evolutionary

» Sustainability problem needs Revolutionary
* A new surfactant value chain needed

» Algae / Biomass may offer a solution

* A Revolution in surfactants is possible
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Time for..

e Questions........

e« Comments.......

Neil A. Burns
neil@neilaburns.com
+1 732 303 7164




