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© ptt
Disclaimer

 The information contained in our presentation is
intended solely for your personal reference only. In
addition, such information contains projections and
forward-looking statements that reflect our current
views with respect to future events and financial
performance. These views are based on assumptions
subject to various risks and uncertainties. No
assurance is given that future events will occur, that
projections will be achieved, or that our assumptions
are correct. Actual results may differ materially from
those projected.
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1. Why Next Generation Energy?
2. Why Biofuels?
3. Why Microalgae not other crops?

INTRODUCTION WITH LOTS OF
QUESTIONS

HHHHHHHHHHHHHHHHHH



@ptt 1. Why Next Generation Energy?
1.1 World Energy Outlook : 1990-2035

Figure 12. World marketed energy consumption, 1990-2035
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@pﬂ 1.  Why Next Generation Energy?
1.2 World Oil Prices : 1990-2035

Figure 23. World oil prices in three Oil Price cases, 1990-2035
2007 dollars per barrel
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(‘)pﬂ 1. Why Next Generation Energy?
1.3 Key Drivers for Next Generation Energy Technology

eDemand Increases while
Energy supply limited

Security eWar and Terrorist Attack

eNatural Disaster

1. Enablement + Enhanced
Recovery + New Harder
Recovery Fossils

Environment
Concerns

Global Warming
Kyoto / Copenhagen

2. New + Renewable

Energy Technology

Hydrogen

Fresh Water Scarcity
Land Use

Food / Fuel / Feed / Fiber /
other issues

3. Energy Efficiency and Energy
Conservation

Sustainable
SYIES

Engir.1e/ High Energy
Turbine o Storage
efficiency
Technology Motor
* Growing economy & Population . _
Econom - Increasing demand CHP L'gl\:t:cwe_'glht
ateria
Y * Slowing death rate - .
Maintaining demand Demand Side Mass
Management

Transportation

_ et 7
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1.  Why Next Generation Energy?

1.4 Four Mega Trends in Bio-Energy Business

National Agenda /
Regulations

Petroleum
Companies invest in
Renewable Energy
esp. Biofuels

Agro-companies
become a major
player in Bioenergy
esp.
EtOH/B100/Power

Carbon becomes
Credit

Source: PTT RTI analysis

e EU : Bio-jet in 2012, 10% of transportation biofuel in 2020

e USA, FEB 2010 : RFS2 36 million gallons by 2022

e Thailand : Renewable Energy as National Agenda 20% alternative
fuels/energy by 2022

® Brazil : Petrobras to become top-5 biofuel producer by 2020 with
investment of 2.3 billion USD till 2013 + biofuel pipeline project

¢ Brazil : Shell + Cosan on 12 billion USD on JV ethanol business

e USA : Valero bought Verasun, ethanol company, now > 1.1 million gallon
production capacity

e ADM-> world top biofuel producer (ethanol + biodiesel)

e Animal Producer
- Tyson Food JV to produce Renewable Diesel / Jet fuel
- Others become biogas + power producers

e Carbon exchange (Chicago, European, etc.)
e Clean Development Mechanism

bpte 8
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@ pitt 2. Why Biofuels?
2.1 Biofuel/Bioenergy benefits ...

Support agricultural professions
OC IAI— Support Sufficiency Economy
Domestic technology available
a ECH N ICAL R&D on Biofuel and Bioenergy
Reduce impacts from high oil price
G CO N O M ICS Stabilize agricultural commodity price

G NVIRONMENT Reduce air pollution in large cities

Mitigate greenhouse gas emission

Support Kyoto Protocol
O LI CY Reduce dependence on Political unstable
A4 countries and imports

Source: PTT RTI Team Analysis P B L L



® ptt 2. Why Biofuels?

2.2 Focus on Environmental Benefits
All renewable energy emits less CO,e than nuclear and fossil

Estimate (gCO2e/kWh)
Coal, Various generator types without scrubbingl

Coal, Various generator types with scrubbing:
Heavy Oil, Various generator and turbine typesj
Diesel, Various generator and turbine typesl
Fuel Cell, Hydrogen from gas reformingI
Natural Gas, Various combined cycle turbinesI
Nuclear, Various reactor typesj|

Biomass, Short rotation forestry, reciprocating engineI
Geothermal, 80MW, hot dry rock:

Biomass, Short rotation forestry, steam turbine

Solar PV, Polycrystalline siliconel

Biomass, Waste wood, steam turbine!

Biomass, Forest wood, reciprocating engine:
Biomass, Short rotation forestry, co-combustion with hard coal |

Biomass, Forest wood, steam turbinel A lot of reduction !!!
Biomass, Forest wood, co-combustion with hard coalI
Solar Thermal, 80MW, Parabolic Troughl
Hydroelectrici, 300kW, run-of-river|

Biogas, AD!

Wind 1.5MW, Onshore |

|
Hydroelectric, 3.1MW, Reservoirj

Wind 2.5MW, offshorel | 9 Renewable Power!

|—|————|————l————l————l————l————ll

0 200 400 600 800 1000 1200
®pr

Source: “Nuclear Energy and Renewable Power: Which is the Best Climate Change Mitigation Option?,” B.K.Sovacool, Singaporeaxniis




® ptt 2. Why Biofuels?

2.3 In some applications, Biofuel is
the only option to combat GHG esp. CO,

Relative Results

5
Bio-jet Fuel without land use change is the only option to combat

7+ GHG emission as an alternative jet fuel in Aviation Fuel Sector - —--
%5"___T____"““""""""""""‘. _________ A [ T
3 Higher than Crude to Jet Fuel is Worse in terms of
$./_CO,emissio0_________ -
A
_o
I e -
é I
[=]
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(=]
O
<
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2T ————— - - — T T T T T T T m s s — - m————— == - -—=
E .1
- 1 --I—l—+—l—I—I—I—*—I—I—I-I-+lIII-I-I-I-I—I—I—I —I—I—I—I—l—l—l—l—l-l-l*l B-E-F- 0 b i) E-ap-u-u-am

L -~
0 } } f f f f f = f f } |
Crude to jet Crudeto  Qilsands to Qilsandsto Qilshaleto  Coalto F-T  Coalto F-T| Biomass to Soy ol to Soy oil to Palm oil to | Palm oil o
fuel LS jet fuel jet fuel jet fuel {in- jet fuel jet fuel jet fuel (with|  F-T jet fuel hiojet hiojet (with hiojet hiojet (with
(surface situ (without carbon (without land | land use | {without land land use
mining) production) carbon capture) use change) change) use change) change)
capture)
Yd L1

Source: IATA 2008 Report on Alternative Fuels
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3. Why Microalgae?

o ptt 3.1 High Potential with

smallest landuse footprint

_ Oil Palm (National Oil Palm Jatropha Curcas
Average 2008 Theoretical Limit Indonesia Current Spirulina Potential

Productivity
. 3,025* 7,040**

(T/rai/y)
Qil Yield (%) 20% 20%
Productivity

. 605 1,408
(kg/rai/y)

High oil yield among commercial oil

Advantage crops

Commercial crop
Well established crop

Disadvantage as
energy crop

Food crop
Location specific

Area (ha) for 20%
Diesel Fuel
Replacement in
Thailand
Transportation
Sector (50MMLPD)
Cost (THB/kg oil)

2,000,000 900,000

30-40

Source: *OAE, ** Spatial-Temporal Yield Trend of Qil Palm as Influenced by Nitrogen Fertilizer Management, 2008, ***KMUTT

Algae
16,352
1,280 8,760*** ’
(@28g/m2/d)
40% 10% 45%
512 876 7,358

Highest potential
Contain high valued chemicals
Cultivation anywhere

CO2 abatement tool as other biofuels

New crop/No large-scale experience
High energy input

Still not economical for biofuel alone

with current technology

Drought tolerant
Non-edible crop

New crop
No knowledge
Still not economical
at current yield

2,300,000 1,400,000 200,000

>80 >1,700

Yd 12
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3. Why Microalgae?

o ptt 3.1 High Potential with
smallest landuse footprint (cont.)

Exhibit 1.2 Comparison of oil yields from biomass feedstocks®

CROP {GALL[:}Ih ;.i!:lllig E/YR)
Soybean 48
.......... E amE“nEEE
.......... 5 unﬂﬂwermz
......... Jatmphaznz
.......... D ||pa|m535

L Approx. 2-10 times of
_________ S ctschsss Oil Palm

* Adapted from Chisti (2007)

b Estimated yields, this report

épre Pagel3
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Source: NREL Algae Roadmap 2010




o ptt

3. Why Microalgae?

3.2 High Oil Content Potential

Available online at www.sciencedirect.com
.~ ScienceDirect

ELSEVIER Biotechnology Advances 25 (2007) 294— 306

Research review paper

Biodiesel from microalgae

Yusuf Chisti *

l'able 2
(nl content of some microalgae

Microalga

Ol content (% dry wit)

Botrvococcus braunii
Chiorella sp.
Crypihecodinium cohnii
Cylindrmtheca sp.
Dunaliella primolecia
Isochrysis sp.
Monallanthus salina
Nannochloris sp.
Nannochloropsis sp.
Neochloris oleoabundans
Nitzschia sp.
Phaeodactylum tricomuium
Schizochyvirium sp.
Tetraselmis sueica

25=175
28—-32
20
16—37
23
25-33
=20
2035
31-68
35-54
45—-47
20—=310)
a0=77
15-2:

BioTECHNOLOGY
AbpvANCES

www.elsevier.com/locate/biotechady

Institute of Technology and Engineering, Massey University, Private Bag 11 222, Palmerston North, New Zealand

Available online 13 February 2007

bpu Page 14
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3. Why Microalgae?
opt 3.3 Microalgal oil Characteristic is YR

suitable for Biofuel Production

oo Organism : Chlorella vulgaris

soce From PTT RTI Fuel Formulation

o Team’s experiences, with high SAFA,

e ' biodiesel will have very good

sesse . oxidation stability

[me—= 4."}[: 5.bD '5.bD '-'_I):I E."_'K: 9.[50 1']!DCI 11.00 '2!']{: '3![}0 1:![‘.\0 1E!'J:I 16.00 1?![‘.\0 16!D] 1E!D:I
Type Systematic Name Common name Isomer Area %
Nonanedioic acid azelaic acid 11:0 4.18
Tetradecanoic acid Myristic acid 14:0 2.68
Saturated fatty acid —

Hexadecanoic acid Palmitic acid 16:0 54.95
Octadecanoic acid Stearic acid 18:0 6.44

cis-9,cis-15-Octadecadienoic

Acid Linoleic acid 18:2 1.56

Polyunsaturated fatty acid

oput 15
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Source: MU, MAY 2009




6,,“ 3. Why Microalgae?

3.4 Microalgae can be grown on non-arable land :
No food vs fuel conflict

o épne Pagelb
. o a 1 4 o a
Credit: a071Tiuu@aRNaNEATY 1n. NTNUN 1 waz NINWmLINAY i TCnoLoar



o ptt 3.5 Microalgae can use """ "ironee
many types of water for growing

* Freshwater

* Marine Water
 Underground Water

* Brackish Water

e Agro-industrial Waste Water
 Municipal Waste Water

* So.. Hopefully not compete with drinking water or
irrigated water for food crops




o ptt 3. Why Microalgae?
3.6 Microalgae has many applications

 Renewable energy
* Waste water treatment

e Chemicals and bioactive
compound

* Aquaculture and animal
feed

e Agriculture
* Food

RESEARCH:TECHNOLOGY

Credit: Supachai Reakasame, PTT RTI s T T U T e



o ptt

INTRODUCTION TO MICROALGAL
BIOFUEL TECHNOLOGY

EEEEEEEEEEEEEEEEEE



tht 1. Multiple Pathways for Microalgal Biofuel

Multiple Pathways for Microalgal Biofuel

Cultivation Intermediate Conversion End Use Fuels
System Constituents Process & Products

Renewable
Hydrocarbon

Mixotrophic

Direct Synthesis Biodiesel

Biochemical
Conversion
Thermochemical
Conversion
Anaerobic
Digestion

Heterotrophic Hydrocarbons

Phototrophic Lipids Alcohol

Microalgae Carbohydrates

Biogas

[ Open System } Proteins

Hydrogen

[ Closed System } Ashes

Co-products

Adapted and Modified from “The Promise and Challenge of Algae as Renewable Sources of Biofuels , DOE- epw  Page 20
EERE-Office of Biomass Program A RS



o ptt

How do we get from microalgae to biofuel?

 Harvesting / Dewatering
Technology

* Fractionation /
Extraction Technology

Harvesting and
Processing

~— Algal Cultivation

*Strain Biology / Selection

Cultivation Strategy
*Resources and Sites

Adapted and Modified from DOE Algae Roadmap 2010

Processing &
Formulation

* Fuel Synthesis,
Conversion, or Upgrading
Technology

* Fuel Formulation,
Blending , Additizing

RESEARCHZTECHNOLOGY
B s T T U T e



Opﬂ 1. Algae Cultivation
1.1 Strain Biology / Selection

Perfect strain = Productive, .s:
Stable and Utilize low
resources

Chlorella vulgaris

Dunaliella sp.

Adapted and Modified from DOE Algae Roadmap 2010 P B L L



1. Algae Cultivation

o ptt 1.2 Cultivation Strategy :
Open or Closed System / Phototrophic or Heterotrophic

=1l =
:f’)ﬁ b tl) l

(a) Unstirred open pond (b) Circular pond (c) Paddle-wheel pond (d) Sloping cascade

LSS
SIS ST
VAV AV AV AV AV VANV
VAV AV VAV AV AV aV4
LSS
ST
IS ST

OO0 00O
OO0OO0OO0O0O00O ¢

(e) Tubular reactor (helix) (f) Tubular reactor (plane) (g) Tubular reactor (two layers) (h) Laminar reactor (i) Hanging sleeve

Phototrophic : CO2 = compete with microalgae itself
Or

Heterotrophic : Other carbon sources (sugar, glycerol, etc.) 2> Compete with Fermentation tech.

epu

RESEARCH:TECHNOLOGY
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Adapted and Modified from DOE Algae Roadmap 2010




(épﬂ 1. Algae Cultivation
| 1.3 Resources and Sites

* Basic Requirement
— Solar
— CO,
— Water + Nutrients
e Site Consideration

— Locate near CO, source? Might be far from water and no
land available

— Locate near water source? Might be far from CO, source?

— Note: Australia maybe a good choice, why?
* Lot of desert area
* Lot of sea water
* Some industrial sites with CO,

Adapted and Modified from DOE Algae Roadmap 2010



@pﬂ 1. Algae Cultivation
1.3 Resources and Sites (cont.)

Exhibit 9.5 Major stationary CO, sources in the United States (NATCARB, 2008a)

CO, EMISSIONS

CATEGORY NUMBER OF SOURCES

(Million Metric Ton,/Year)

Ag Processing 6.3 140
Cemempmmsgﬁgnz
Emmm&nemmn2m53[][]2
Ethanmphntsqlgmg
Femllzer?nw
|ndu5ma|1419555
Dtheraﬁﬂ

Petroleum and F~_.Iatura| 90.2 475
Gas Processing
Refineries/Chemical 196.9 173

Total 3,216.1 4,796

épne Page 25
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Source: DOE Algae Roadmap 2010




(&I)ﬂ 2. Harvesting and Processing
2.1 Harvesting and Dewatering

* Harvesting
— Microalgae is small (few micron to less than 100 micron)
—> Difficult to filter

— Technology

e Centrifuge

* Flocculation High Cost

e Skimming
* Dewatering

— “Get water out of microalgae or get microalgae out of
water”

— Very low concentration
* For example, 1 g/L > 0.1% wt
* Meaning : every 1 kg algal biomass need to process > 1000L water

épn Page 26
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(épﬂ‘ 2. Harvesting and Processing
2.2 Fractionation / Extraction Technology

* Fractionation

— Extraction

* Mechanical Extraction (Squeezing)
* Chemical Extraction (Solvent)
* Novel technique (Micro-bubble Cavitations)

— Conversion + Extraction

* Subcritical Hydrolysis = Convert oil to free fatty acid by using high
temp. water (by products include sweet water + residual biomass)

* Hydrothermal Liquefaction = Convert the whole biomass to a
mixture of various chemical compositions similar to crude oil




@pﬂ‘ 2. Harvesting and Processing
Multiple pathways to produce biofuel

FAME

\ 4

Green Diesel/
Kerosene/Gasoline

Natural Oil

Decarboxlyation }

v

A

=——==-- ! Propane i
\

Ethanol
Sugar > Butanol
y
[ Sugar-to-Hydrocarbon ]7
v
v
o Green Diesel/

A

Bio
[ Microalgae } -D[ Fischer-Tropsch/Non ]7

Feed Process Product

Methanol
Mixed Alchohol
-[ Emerging ] Gasoline

v

v

-b[ Syngas Fermentation } » Ethanol
Developing Feed [ Developing ] Both
4 Anaerobic Digestion Biogas ot 28

Source: Literature reviewed by PTT RTI Team
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o ptt
General Concept

e Standalone as integrated Biorefinery
* Co-location with WWT, Aquaculture, etc.




o ptt

Standalone : Integrated Algal BHD System

KEY:
1. Minimal CO, and Water footprint

Note: BHD (Bio-hydrogenated Diesel)

2. Standalone Biofuel / Bioenergy Production
3. Carbon neutral (not carbon capture and storage) (may have some capture with remaining C in ash)

External CO, Capture and Piping
Solar Energy
Algae
m— Cultivation & Extraction
| warer e

# Hydroprocess

— -

Hydrogen
Plant

Note: Similar to UOP 2009 patent, but in this case H, is generated through algal mass + water instead of natural gas reforming

Reservoir

BHD

Bio-Jet

WT

opu 30
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o ptt

Co-location Concept : With Aquaculture

Aquaculture

Biomass with high
Concentration
of protein

Oxygen

Filtration

Treated
Water

Microalgae System acts as

wastewater treatment ; while,

algal biomass residues can be
fed to Aquaculture system

Nl Elelal=sd Primary and/or
Secondary Treatment

Water requiring treatment
NPK sources

Microalgae

> Biofuel

bprt Page 31
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WHY PTT AND MICROALGAL
BIOFUEL TECHNOLOGY

EEEEEEEEEEEEEEEEEE



® ptt PTT Value Chain:

Fully Integrated Oil, Gas and Petrochemical Company
plus new growing business i.e. Coal and Bio-based Busineses

CREATE VALUE THROUGH BUSINESS CHAIN
HSTREAM INTERME O UNNSTREA Er CUSTOMER

epu
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Source: PTT Investor Update 2011




o ptt PTT Current Business Value Chain
(petroleum & biofuel)

PTT Petroleum Value Chain

o) OZcn ® ptt

PTTEP

¢ Gasoline
* Qil e Diesel ULG95
* Gas e Kerosene HSD

e Petrochem.

/" '\ Ma?;:ll
Group

[ PTT Biofuel Value Chain

@% v ﬂra?;:d
PTT Green Energy @ Group

15t Gen.

<0

¢ Oil = Biodiesel

Crops e Starch/Cellulos ¢ Gasohol
d e/Sugar 2> T
Plantation e Ge_n' O&R Ethanol * Biodiesel
Non-edible « Compressed e Fatty Alcohol
Crops & Biogas * Glycerine
Residues * Etc.
. pt TOL o >
Source: PTT RTI Team Analysis @CHEM i P R
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o ptt . :
PTT’s CO, to Microalgal Biofuel + Others

Microalgae is Photosynthesis Microorganism, which requires  Microalgae
Solar Energy + Water + CO, + Nutrients + Chlorophyll :

. .'"a “

Biofuel

ﬂ

Animal Feed

Fertilizer

&8
e .'.-A»-

Health
Supplements

Source of Carbon Dioxide and other
wastes, e.g. GSP, Refinery, etc. ° o o

Carbon Dioxide and waste effluents can be converted to microalgae biomass
through photosynthesis. The microalgae can then be converted to multiple
products e.g. biofuel, animal feed, fertilizer and health supplement products.
Source: PTT RTI Team Analysis

bpu 35
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CURRENT STATUS ON MICROALGAE
TECHNOLOGY

EEEEEEEEEEEEEEEEEE



Optt . _ .
Industrial Scale Cultivation of Microalgae

Industrial Scale Cultivation of Microalgae

Chlorella, Spirulina, Dunaliella, Haematococcus

r iy o L
| PO R -
b ‘63' ’Q '9) @ o}
oa SC\, v

| ! g# - v @0 ;)60

. 95' : ;:’-s, - ’ - P

. 9 ‘Z?’ Er- B

o "

~ ; &\ ; Ll

e El

.

t HO

Food supplements and additives mainly

Credit: Sorawit Powtongsook




o ptt
Cyanotech, USA

-

= - -* -

T— - - “:’:"A\.
‘\ o, o
2 " —

Tk =

bpu Page 38
Source: Cyanotech, USA meseuncreciooey
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o ptt

Algatech, Israel

Page 39
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o ptt Cognis & AquaCarotene & Beta Nutrition,
Australia

Australian Commercial Algal Ponds

ognis, AquaCarotene, Beta Nutrition
Saline Ponds. Dunaliella Species. Tidal mixing.

&ogle Earth images)

Source: Algae World Asia 2010 [ —



Spirulina Farm : Boonsom Farm, Chiangmai

Credit: Sorawit Powtongsook

Products

* Food Supplements
* Fancy but Healthy
Food (Ice-cream,
waffle)

* Snacks

* Spa

On-going R&Ds

* Medicine function

* Animal feeds

. etc.

(credit: Ajarn Jeamijit
Boonsom)

épre Pagedl
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o ptt
Spirulina Farm : Nathong Farm, Chachoengsao

Products

* Spirulina to dog
food ingredient
formulator/producer

UINaINIsH aviAad9INs

épne  Pagedl
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Credit: Sorawit Powtongsook



o ptt
The Royal Chitralada Projects

3 2
IRUNTD
Y03

#IMITOUFNDaN
gy s -

p ‘
sHRIBTIY

/."‘ g ;2 2 .
NENTH B IAE

.'J'Hf L)
SEN 0N

- f
VIRTISNNNE D R EANY

LeeEe ] mwiwimanmed Tnsamnidumszen adudnsam

NBEGNUINT -

raiay i~

Sarawt! Powtongacohk (2010 Reced! Advetces n Mcroalpel Mess Cullure _B_L(,:_)IEC
épre Page 43
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o ptt . ]
CPF : Photobioreactor Project

NSNS "IASOVIRSHiIALE- Products

r\.\v- UWynas

— el *Chaetoceros sp. for
T PR Y T g 3 p . < .
D sy | K2 gl oo shrimp nursery
L gy e e R R S Ve i

WOt N aTrr " »

. . é Page 44
Credit: Sorawit Powtongsook e ——




b prt Smaller Scale in Thailand

Products
*Chaetoceros sp. for
shrimp nursery to
local shrimp farmers

p, Chachoengsao, Thailand

-—

=

-— §
sioTEC!

Sorawit Powtongsook (2010) Recent Advances in Microalgal Mass Culturs

épre  Pageds
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CURRENT STATUS ON MICROALGAL
BIOFUEL TECHNOLOGY
DEVELOPMENT

EEEEEEEEEEEEEEEEEE



. . . 1. World S
o ptt International oil companies oric >tats

are investing in Algae Oil (1 of 2)

Company Research and Development (Samples)

EXXON MOBIL

Ex¢onMobil

e In July 2009, ExxonMobil joined with Synthetic Genomics, Inc (SGI) to launch new program to research
and develop next-generation biofuels from photosynthetic algae.

*The ExxonMobil Algae Biofuels Research and Development Program is a new long term investment
focused on biofuel production from photosynthetic algae. If successful, these next generation biofuels could
augment the world’s transportation fuel supply and assist in reducing greenhouse gas emissions in the
decades to come.

eExxonMobil’s expected spend for this program, which includes a strategic alliance between ExxonMobil
Research and Engineering Company (EMRE) and Synthetic Genomics, Inc. (SGI), is more than $600 million if
research and development milestones are successfully met.

eJuly 14, 2010

eExxonMobil and Synthetic Genomics Inc. Advance Algae Biofuels Program with New Greenhouse
eExxonMobil = Largest Investor amongst International Oil Companies to bet on algal biofuel
*SGI - J. Craig Venter (first human genome sequenced) (first not-of-this-world microorganism)

ept
Sources: http://www.exxonmobil.com/Corporate/energy climate con vehicle algae.aspx, www.syntheticeenomics.com AR OR
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. . . 1. World S
o ptt International oil companies oric >tats

are investing in Algae Oil (2 of 2)

Company Research and Development (Samples)
Chevron e Chevron Forms a Biofuels Business Unit (May 2006)
Chevron e Chevron and NREL to Collaborate on Research to Produce Transportation Fuels, Including Jet Fuel, using

Human Energy- | Algae (October 2007)

—To identify and develop algae strains that can be economically harvested and processed into finished transportation
fuels, such as jet fuel.

-~

— “Chevron believes that nonfood feedstock sources such as algae and cellulose hold the greatest promise to grow the
biofuels industry to large scale” stated by Don Paul, VP and Chief Technology Officer, Chevron Corporation
e Chevron Technology Ventures (A division of Cheveron, USA) and Solazyme also announced that they have
signed a feedstock development and testing agreement

* Chevron expects to spend approximately $2.5 billion on alternative and renewable energy technologies
and energy efficiency services between 2007 and 2009 (www.chevron.com)

BP  Energy Bioscience Institute (EBI)
- BP have selected Berkley Consortium for funding $500 million over the next 10 years on finding new applications for
bioscience in the energy industry, including better ways to produce the biocomponents that can be blended into

bp traditional fossil-based transport fuels
‘.W e Butanol: BP and DuPont partnership to develop, produce and market next-generation biofuels to help
i.. meet increasing global demand for renewable transport fuels. The first product from the partnership is to
¥

be biobutanol
e Microalgae (Blue-green algae): BP, SFAz and Arizona State University Launches Cyanobacteria Biodiesel
Research Project

Shell « Shell and HR Biopetroleum form Joint Venture for Algal Biofuel Production
« Claim 60T/hectare/year (or around 33g/m2/day at 50% oil content)
@ e Sea Water Algae

¢ Joint-Venture called Cellena
* The JV will construct an algae-oil production facility to produce feedstocks for biodiesel immediately
* NOW QUIT THE MICROALGAE BUSINESS - Focusing on Sugarcane-based Industry in Brazil

®ptt
Sources: www.chevron.com, www.bp.com, and www.greencarcongress.com plSSARGTRCCLONY
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(épﬂ World Status (1): 1. World Status
USA is the most active country

Affiliates Research and Development (Samples)

DOE *524 Million
e Algal Biofuels Research (3 consortia)
eSustainable Algal Biofuels Consortium (Mesa, Arizona):

eLed by Arizona State University, this consortium will focus on testing the acceptability of algal biofuels as replacements
for petroleum-based fuels.
eTasks include investigating biochemical conversion of algae to fuels and products, and analyzing physical chemistry
properties of algal fuels and fuel intermediates. (DOE share: up to $6 million)

eConsortium for Algal Biofuels Commercialization (San Diego, California):
eLed by the University of California, San Diego, this consortium will concentrate on developing algae as a robust biofuels
feedstock.
eTasks include investigating new approaches for algal crop protection, algal nutrient utilization and recycling, and
developing genetic tools. (DOE funding: up to $9 million)

eCellana, LLC Consortium (Kailua-Kona, Hawaii):
eLed by Cellana, LLC, this consortium will examine large-scale production of fuels and feed from microalgae grown in
seawater.

eTasks include integrating new algal harvesting technologies with pilot-scale cultivation test beds, and developing marine
microalgae as animal feed for the aquaculture industry. (DOE funding: up to $9 million)

DOE *S44 Million

¢ > 30 members (Universities, National Lab, Companies)

*Qur technical vision is based on several key concepts: 1) the development of agronomic systems for sustainable cultivation of
oleaginous microalgae using non-arable land and sustainable water sources; 2) the creation of efficient methods for harvesting
and extracting fuel feedstocks; and 3) the establishment of an integrated process to support widespread commercialization of

valuable coproducts resulting from algal biomass.

DOE *DOE released Algal Biofuels Roadmap (May 2010)
®
ehttp://www.eere.energy.gov/biomass/pdfs/algal biofuels roadmap.pdf R rﬁ:‘EcnsmHmLoav .



http://www.eere.energy.gov/biomass/pdfs/algal_biofuels_roadmap.pdf

(épﬂ World Status (2) : 1. World Status
Automakers and more also invest in Algae

Affiliates Research and Development (Samples)

Ford eOctober 01, 2010 : Ford researchers visited Wayne State University’s National Biofuels Energy Lab.

*The Ford researchers, part of the company’s Systems Analytics and Environmental Sciences
Department, also have conducted in-house research on the opportunities and challenges of producing
biodiesel from algae oil.

TOYOTA/ *2010
DENSO *DENSO - In-house developing microalgal biofuel technology
*DENSO
*DENSO claims to have good candidate (fast growing, thermal tolerant, and producing oil-
droplet)
*DENSO is looking for partners in southeast asia for R&D collaboration especially pilot scale
trials

eToyota Motor Corp.’s research and development unit, Hitachi Ltd. and more than 40 other Japanese
companies and institutions have joined a national study into algae’s potential for producing biofuel
and chemicals. Autoparts maker Denso Corp., refiners Nippon Qil Corp. and Idemitsu Kosan Co. and
soy sauce maker Kikkoman Corp. will also join the study led by Tsukuba University into producing
motor fuel, cosmetics and food from the microorganisms, according to a joint statement released at
Tsukuba City near Tokyo today.

Biojet *Biolet International Ltd. announced today that it has received a US $1.2 Billion funding facility from
Internationa | Cayman based Equity Partners Fund SPC.

I Ltd. e Camelina, Jatropha, and Algae as Feedstocks

e Integrated Value Chain from Feedstock Production to Bio-Jet Fuel Production

Y7
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Source: http://media.ford.com/article display.cfm?article id=33338, 15t AOAIS 2010, www.biojetcorp.com



http://media.ford.com/article_display.cfm?article_id=33338
http://media.ford.com/article_display.cfm?article_id=33338
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©pﬂ World Status (3) : 1. World Status
Other Countries Initiative

Affiliates Research and Development (Samples)

Mexico February 14, 2011

OriginQOil to Help Mexico Industrialize its Algae Production
Government-funded ‘Manhattan Project’ to pursue aggressive national jet fuels goal
OriginQil, Inc. has agreed to participate in a pilot scale algae project to be funded by the
Mexican government. The project will demonstrate industrial algae production, paving
the way for substantial investment by the Mexican government in large-scale jet fuels
production.

* The project operator, Genesis Ventures of Ensenada, Baja California create the site

* Ensenada’s Center for Scientific Research and Higher Education (CICESE) operate the
Genesis site.

* University of Baja California (UABC) algae researchers collaborate in the project

* OriginQOil’s provides core harvesting and extraction technology

'»' e R Sy
T -
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1. World Status

o ptt World Status (4) :
Other Countries Initiative

Affiliates Research and Development (Samples)
UK e Carbon Trust : 30 Million Pounds
- —
_—
The Algae Biofuels To——
Challenge (ABC) TRUST
Vision To accelerate the development of algae

biofuels towards commercialisation by 2020

Technology Mass-cultivation in open ponds in favourable
Focus climates outside of the UK using seawater

Targets » Carbon savings up to 80%#
* OQil yields of >20,000 |/ha/yr *

Investment Up to £30m
Required

# relative to fossil fuels

*>60 ton/ha/yr dry biomass, >30% olil

bptt Page 52
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Source: Carbon Trust, UK




1. World Status

o ptt World Status (5) :
Other Countries Initiative

Affiliates Research and Development (Samples)

Australia eThe initial stages of the $3.3 million project led by Murdoch and involving the
University of Adelaide, received $1.89 million funding from the Australian
Government as part of the Asia-Pacific Partnership on Clean Development and

Climate.

http://x-journals.com/2009/clean-algae-biofuel-
project-leads-world-in-productivity/

bprt Page 53
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@pﬂ‘ 1. World Status
Examples

Algalfuel, Portugal

)- . A :”.
el )t‘fkl el "yl W2 Ry AL s S

Pilot production Unit - Dunaliella Tubular Photobioreactors PBRs flat i flow UOUQ‘A
Necton, Portugal (1996) Necton, Portugal (2005) Necton, Portugal (1999)

MBD Energy, Australia

MDB, JCU Research and Development Drawing of Power Station with Commercial Scale expansion ptt >4

Source: Algae World Asia 2010 e



@pﬂ‘ 1. World Status
Examples

Microalgae for Biofuel
from Wastewater
Treatment; biomass is
processed for biofuel
applications

NIWA, New Zealand
Largest HRAP in the world, 5ha

Microalgae for Biofuel

and other high value

chemicals with

| Integration with CO2

source such power

™™ plant, coal-bed plant,
= etc.

Seambiotic, Israel Solix Biofuel, USA
15t flue-gas to microalgae pilot plant CO2 and Wastewater from Coal-bed Methane 55

®ptt
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Source: Algae World Asia 2010, 15t AOAIS JAPAN, Seambiotic
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Many companies and startups

1. World Status

e

WA

WA

T YT IS I TN s..umm

Marine Algae
Race-way Open Fond
Horizontal

$50/bbl.

Noneed to dry algae (using
wastewater treatment tech )

Seawater Algae Fio Ciesel
Cemonstrated in Florida
mplete 12-Month Algae
Eiodiesel filot Froject
Keady to Commerci
Expect tobe S its
first commercial plant in 2012

ize

co; 1.4 helps mising the algae.
wsing paddie wheel or
other mpm.m

Race-way )
Worizontal

WMarine Algae

First company in the vorld
thatis utlzing flue gas from
coal buming povier stations

for algae cultivation

onds at the
pavier plant of the trael
Flectic Corporation in
Ashkelon
Vwith laventure Chemical to
construct apilot commercial
biofuel plant in tsrael
Establishing a & hectare algae
fam

Dec 09, Seambiotic and China
Guodian, power company. 1o
build $10 million commercial
microalgae farm i China
Marine Algae

Flue gas from Fower Mlant
il + Omega

6,000 gallons / acre / year
B0 @ $1/gallon

+ Algenol's fiest commer

project for ethanol
production vill

by partnered with
EIOFIELS.

i)
alsacin
e

* Eio-petroleum and
Trighyceride

© Microalgae-derived
renewable diesel fuel
that meets €975
specifications for
petroleum diesel fuels

* Fartner with Chevwon

+ Solazyme to begin
commercial algae sales in

nutiaceutical market

fest, fuel later

© Bpect toproduce 10,000
gallons/ acre / year

biotic.com/

Source: Aurora Algae, Seambiotic, Algenol, Solazyme, Green Car Congress, Biofuels Digest, PTT RTI Analysis

Source: Green

Company

System
Type

tobiopetroleum/
wilyceride
+ v solazyme. com

L Gmesr | ek | Aksevenuresysems | pondBiotuels __]

Covered pond + Closed-tubular « Hybrid system +low cost  +  {Fossibly) Race-way O
Horizontal * Horizontal ol [P
© {Lab-scale tested in tubular
photobioreactor]

Testat40,000L © Claimagcenhg/iaily dy o Key:Wavester 1525/Ton Capture acement plant's

i = carbon emissions in algae
in this fiekd + Automatic Cleaning * Hamful Algal Hloom . The algae would then be
Hutiient formuls to boost System tversion Technology turmed into & biofuel sod
productivity (haem 10 fuel cement bins

P et ey e ‘and company trucks.
don (RAC) « SAmam i
demonstration facilty

Sizns Contract to Build 100+ Sellits demo plant at e [ [Umsfieas] - Fond Eiofuels il growits
Acre Algac-to-Eiodiesel Ewro wan | nm algae right next to
Facilty in Midwest tobegin A= Ontario’s St Mary's
n MAR 08 (13 cement plant
Continuing two S00-acte  + Main crude ofl supplier for e o] e
algae tobiodiesel the Air Fronce/KLM jet fuel
commercial production L
s « Sellsolar dryer system
+Carbon Credit * ¢ Toaining Cowrse on Algae  +  Harvester data « Canada-based
+ Giversified company (crop Ll utraplatad Fom B * pondbiofucts.com
yield booster, algae, electiic  +  (claim may exceed lab-scale)
) theoretical nit) © wwwalgaess com

e

censtarusa com

Star, AlgaeFuels, Alga

(possibly) Kace-way Cpen
Fond

WA .

Green Car Congress,

-

“calable algae .
photobioreactor

Closed continvous-flow .
reactors

Uight dstiibuting

throughout the cultivation
tank

Cemonstiated in increase
ofmore than 200% in

biomass production over
simultancous side by side

High rate algal pond
(HRAF) — Open pond

Wastewater a5 cheap
feedstock / nutrient

5 ha Wastewater
treatment HPAP with

control testing, exceeding production technology
expectations. The + Gravity settling  our
company vl develop & low-cost harvesting
commercial version of the technology
BOW 1000 FER during the 20 & /ma/q (with €O2)
next 12 months.
| it pmte - WA + Partner with Solray
Fechnology in China (Liquefaction company
. vmm. 5 Orums of Alzae inNZ)
Derived Elodiesel for + Produce bio-petroleum
Emissions Studies R eron
. NA . NA +  Christchurch
. ebsit . bodeg aal; * Inconnection with FTT KT1
e - wusacon
Bod ae, NIWA, Green Car C Biofuels Di PTT RTI Analysis

Source: Pets

, PTTRTI Analysis

Source: PTT RTI Internal Analysis

Face-way Open Fond + Closed Hotobioreactor + Raceway Open Fond + G025 Fuels & Chemicals
© Systemtype not decided
Green Crude Froduction « SolarConverter ™ * 80100 MT/halye © Mresearchand
algae into crude . are successfully met,
. & - Exxontlobilexpectsto
. spendmore than 5600
N S % & million on the algae
-l - Modha 5 O et biofuels program over the
5 P nextdecade, 5300 million
gallonsof diesel and jet fuelpes  equivalent protein/unit/yn s sl
et . tossL
2025 producing 1billion i, .
sallons of diesel and jt fuel per o
year
Southem Hew Mexico, » Aprl 10, Ralsed $30 million Foster Wheeler Hydrocarbon ecorery -
project that was avardedmore : . joni <
than 5100 million n federal - B
srant money fr oo
:'1:":'-‘«"““"“'“ B T T e development of FetroAlgae Frogram -Collaboration
i ethanol atrate o e Ak
Saloas/ucielyoa,dcofiis in Ezyptand Morocco and Engineering Company
ultimate productity target, & AhmE)
pilot operationsunderszay in * Mew greenhouse opened
Leander, Texas
wow sapphiseenersy. com « Foundedin 2007 by Flagship  * 3 icgenomi
Venture Labs. om

Source: Sapphire, Joule Unlimited, PetroAlgae, Synthetic Genamics, Green Car Congress, Biofuels Digest, PTT RTI Analysis

Covered -raceway
Horizontal

€02 Consumption: 110 tons — +
CO2/acre-year

Froduct Generation: 60
tons/acre-year

CCER Farm Return: 610
year payoff

Water use: 3 inches/year

Expect tomove from pilot

slr-relief , Close + Closed-bag/flow
Polyethylene nmtgh < Vertical
Horizontal

1 acre cn Crude
22 tons of dry algae mass per Algae Gil
grossacre 23 g/m2-day} + 276 Ton/acre/year or 125
20:20 % il Yield /m2/d (149 ke oil/d) (12
Traditional Equipment and pEcy
Fractices Used for System * Requires 5% of the normal

Auchitecture Fabrication and
Installation

Flan to conduct multiple
& ik

water requirements for
field crops

* Testng the plotplant at
Fesearch

scale to ful
operation within 24 months
with their first carbon capture
projects within 42 months

+ Carbon Credit .

5
Arizona beginning in fall
and continuing into 2008

Fre-commerci
Demonstration
partners
s0alto i
tons/acre

lanned

ase yields 10> 40

+ Nutraceuticals markets

Facility, £l Faso Texa

. NA

ified-enesgy. com

+ Closed-tubular

* Vertical, 30 Matrix
System

 e8g/ma/dor
57,222kg/vaily  dry

mass ) (ranging from 52
and 174 g/m?/d ) (ash
free, dry weight basis)

+ COZ concentration at 2-
4%

+ Testing its pilot plant in
many power plants.
To Develop a $92M,

ume.dup ) (Oct 2008)

+ Carbon Credit

Source: Algae@Work, Diversified-Energy, Vertigro, GreenFuel, Green Car Congress, Biofuels Digest, PTT RTI Analysis

system
Type

Oll Fox S.A.

—

+  Race-way Open Pond +
Greenhouse + rain water
Anaerobic digestion
effluent as a source of
nutrients for the algae to
grow

Produces biogas is burnt to
generate electricity (for
paddle wheels, light,
harvesting and drying
process)

Eubble flue gas emitted
from a thermal povier
station

Low-cost Biodiesel from
Algae (<2 UsD/gallon)
(from EU meeting 2008)

Operational plus Eiodiesel
Flant

+ Argentina-hased

After harvesting the algae,
the water from the culture
medium is potable for
human consumption

After oil extraction from
the alzae sludge, the
remaining biomass can be
used for animal o human
consumption after
bacteriological analysis

To grow algae atnight, we
use artificial L

h have high efficiency
andlow cost and
consumption of energy

* W/ /vvew oilfox.com.ar

E§ s\i

[ company | onewod | Acwtew ] celees | oot ]

ol Ught losed PR PeRs - i
Technology o
dothern tich
water
1 Ikegruid pen sk wasa s
Sukmect o gaepcc
s = dUopfor [+ - D + >Stmesthe .
Multiple claims. and|
funded by COE applications, including U1.5. than agriculture-based
patent#s, 541,055 fuel
ing ™ / Helix . i .
Eiofeactor™/ Multikeactor™ / (Dec 2006) 2.5ha) Colorado State University
/ o o (s inFort Collin, Cololardo
ot h AMT/month + Completes510. Million
System /. 5 . g ries A Funding Round
Low CostOil Extraction / Live :
Extraction™ / MAXONE / The 2
OrighO System + Evaluate novel harvesting,
. 1 2008)
Stratesic Customer 2
fishmeal replacement
9 bt
cost & LCA for
facilty
. . WA * Fartner withmany
« WZbased chemical producers

Lightimmersion technology

e

Harvest wild algae (both

and PER
UT from high efficiency LECs

101012 time increase in
yield over conventional
methods

Fatent-pending Light
nession Technology

Motmuch info from their
bite

wastewater
weatment by algae

cultivar
Anaerobic Cigestion
producing biogas

wa

Harvesting operation in
Washington State and has
currently removed 10,000
bs. of polution fueled algae
for testing and distiibution
toresearch partners

Generate bio-chemicals and

websit ‘natural gas from algae and
o1 ke Mlonavitas coas othes cellulosic biomass
* Motfocusing on biomass
production
Bionavitas, Blue Fuels,

Source: OriginOil, Aquaflow, Cellana, Solix, Green Car Congress, Biofuels Digest, PTT RTI Analysis

S T S T

A

(possibly) open water
system

(possibly) mixed culture
information based on Algae
Elomass Summit 2002)
Algae grazer as horvesting
method

inchuding EASF, FTTCH

N/A

Hasna gasification
producing syngas for
electricity generation
Industrial bioreactors,
antificiallight
hotosynthesizes the algae

The largest and most
i Iy

us

LiveFuels Alliance With
Sandia National Laboratory
to Make Algae-To-Eiocrude
by 2010

“To transform algae into
biocrude by the year 2010

400 times the amount of
ipinada feednekcon thie
same acreage of land
compared to standard
enersy crops

N/A

Hotreally an Algae
company
Civersified renewable
energy company

, Green Car Congress, Biofuels Digest, PTT RTI Analysis

> 30 companies tracked
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(&pﬂ 2. Thailand Status
Thailand : Microalgal Biofuel Technology Activity

Affiliates Research and Development (Samples)

PTT + TISTR + BIOTEC e September 14, 2010

(NSTDA) + CU+MU + | ¢ Thailand Collaborative Research Network
KMUTT on Microalgal Energy (THINK ALGAE)

(THINK%\LGAE e Approx. 5 million USD investment for 2008-2015 (R&D phase)

Consortium) _ o , , _
e Screening, Optimization, Harvesting, Extraction, LCA, Metabolic
Engineering etc.

PTTCH + Microalgal e R&D from upstream to downstream

Biotechnology e Energy, Nutraceuticals, Animal feed, essential fatty acids, etc.

Laboratory + NSTDA e Agreement with MBU, Ben Gurion University of Negav on “DGLA

— Omega 6”

Other groups * \Vegetable Oil/Biodiesel Plant with Wastewater facility
¢ \Wastewater Treatment company
e Cement/Chemical Company

e Shrimp / Feed company

®pu
Source: PTT, PTTCH, http://www.bangkokpost.com/business/economics/193818/authorities-may-finance-algae-biofuel-research TS EE—E=——-:




(&pﬂ 2. Thailand Status
- Thailand : Microalgal Biofuel Technology Activity

Affiliates Research and Development (Samples)

Chiangmai University e Botryococcus braunii screening and R&D
and Maejo University | « | ocal isolates : Screening and Optimization

e Qutdoor Cultivation and Economics Analysis

Kasetsart University e Screening and Optimization

e Metabolic Engineering

e Qutdoor Cultivation

e Processing and Fuel Processing

e LCA and other economics analysis
e Both Microalgae and Microalgae

Other universities e KKU, KMITL, BUU etc.

epu
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Source: PTT and National Algae and Plankton #5 at Sonkhla
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THINK ALGAE : Vision

THINK ALGAE : Microalgae Biofuel Roadmap
THINK ALGAE : Capabilities

THINK ALGAE : Project’s Key Figures

THINK ALGAE CONSORTIUM

-l A




o ptt ,
THINK ALGAE: Overview

THINK ALGAE

UPTT with the role of national
oil/energy company

UThis consortium consists of the
most strongest and most active
partners in Algae R&D in Thailand

Key representatives from Thailand also presented in this photo

épe  Page 60
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® ptt .
THINK ALGAE : Vision

Commercialize the
sustainable and cost
competitive algal biomass
and oil as biofuel feedstock
within 2017

+* Focus on biofuel application
+» Algal could be produced as low cost biomass or low cost
triglyceride/hydrocarbon or other raw materials




o ptt

THINK ALGAE : Integrated Algal BHD System

KEY:
1. Minimal CO, and Water footprint

Note: BHD (Bio-hydrogenated Diesel)

2. Standalone Biofuel / Bioenergy Production
3. Carbon neutral (not carbon capture and storage) (may have some capture with remaining C in ash)

External CO, Capture and Piping
Solar Energy
Algae
m— Cultivation & Extraction
| warer e

# Hydroprocess

— -

Hydrogen
Plant

Note: Similar to UOP 2009 patent, but in this case H, is generated through algal mass + water instead of natural gas reforming

Reservoir

BHD

Bio-Jet

WT

opu 62
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o ptt . :
THINK ALGAE : Microalgal Biofuel Roadmap

5007 | 2008 | 2009 | 2010 | 201t | 201z | 2013 | 2018 | 2o1s | 2016 | 2017

Phase 1

(R&D to _ T

address etwor IP Commercialization
Formed

Tundamemal RE0 Mid-point review of progress
issues) commence P prog
Proposals !
' @ Technology transfer to pilot

plant

Phase 2
((&PIIOt scale test Mini-demo. PTT RTI pilot
operational operational

Start work on
Demo. plant

demonstration)

| |
Start works on LI Start work on PTT
mini-demo. RTI pilot plant
I—I Start works on 5,000- Demo. plant I—
10,000L system at TISTR operational
Start work on I—
commercial plant

2011 (Gate 1) 2014 (Gate 2) 2017 (Gate 3)
< 325 USD/Barrel < 220 USD/Barrel < 150 USD/Barrel
Approx. 60THB/L Approx. 40THB/L Approx. 28THB/L

& prt
RESEARCHZTECHNOLOGY
- N S T T U T E 0

Maintain fundamental issue research while progressing to bigger scale for experience gaining




PTT RTI Outdoor Microalgae Cultivation Units

Sarawd! Powtoogeock (2010 Recant Advences in Mcroalyel Mess Cullure

Credit: Sorawit Powtongsook



PTT RTI Outdoor Microalgae Cultivation Units

Hybrid Open Raceway Pond Open Raceway Pond *4 Units (600L each)

v'Raceway Open Pond
v'Hybrid Raceway Pond
v'Flat-plate PBR
v'Bubble PBR
*Total 2,400 L working
volume
*Purposes
v'Outdoor Performance
Comparison
v'System Comparison
v'Biomass/oil
Production
v'Space > 1 ha prepared
for larger pilot-scale
facility

Designed and Constructed by BIOTEC/CU r%



o prt o
Commiissioning the System : Feb 2011
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o ptt

TISTR

TISTR Microalgae Laboratory

Algal Collection & Cultivation System at TISTR

ACC at TISTR TISTR Algal Culture Collection (ACC)

~1.000 strains: °* 1,000 strains (BGA & GA)
*Previous technology transferred
(food, biofertilizer & soil conditioner)



- Mahidol University
65pﬂ [ ] [ ] [ ]
Mahidol University Laboratory

* Algal isolation and screening




optt o S
King Mongkut University of Technology Thonburi

Fully equipped microalgae lab.

®ptt
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CU-BIOTEC

W E ! ;
" ) V,\,:'v\ |

VS BN |
-_, ™ )
{— )

/ 1

|

g )

Chaetoceros | — . 3 Haematococcus

Research and Development on Photobioreactor for Microalgal Cultivation (CU-BIOTEC) gioTec)

amember of NSTI

®ptt
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® ptt . .
PTT THINK ALGAE : Project’s Key Figures

e 1-2-3:1 Public Company, 2 National Laboratories, 3 Universities

 5:5million USD from 2008-2015 (after 2015, budget to be determined based on the

results)

e 8:8strains under cost optimization (6 freshwater, 2 marine) and tested for outdoor

cultivation

1,000 : More than 1,000 strains currently being screened for the most desirable strain
(freshwater and marine) (high growth rate & oil yield, etc.) + Nile Red as High
Throughput Screening Method

* 10,000 : - System size ranges from 1mL to 10,000L working volume (actually together
> 100,000L working volume); planning for > 240,000L system

* System: Open and closed systems are studied and utilized together

 Development: Conventional Approach (cultivation, harvesting, extraction, processing)

with new concept under investigation

* Focus: Low cost algal mass and/or oil
®prt
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MICROALGAL OIL COST?
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o ptt From 3 studies during last decade,
Algae oil costs around 214 USD/barrel*

214 USD/barrel or 1.35 USD/L

* Calculation based on US Inflation rate
from 1994-2007, www.inflationdata.com

1. Capital Costs lie evenly amongst Civil, Mixing & Nutrient, and Harvesting portions
2. Operating costs lie mostly in Havesting Cost, CO2&Nutrient, and then Labor & Maintenance portions

Capital Cost (USD/ha) Operating Cost (USD/ha/y)
30,000 9,000
8,000
25,000
7,000
20,000 6,000
5,000
15,000
4,000
3,000
10,000 '
2,000
5,000 1,000
O T T T T T
0 ! ! ! ! CO2 and Pow er Labour and Harvesting  Extraction Waste
CivilWorks Mixing, Harvesting Waste Disposal ~ Others Nutrients Maintenance ~ Costs Costs Treatment
Nutrient, Systems System
Instruments

Source: System and Economic Analysis of Microalgae Ponds for Conversion of CO2 to

Systems Biomass, DOE USA, PTT RTI Analysis
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RESEARCH:TECHNOLOGY



http://www.inflationdata.com/

® ptt
Cost : Recent Announcements?

Phototrophic

“We have already dropped the cost from $12 a
litre down to $3 a litre in the past year, but our
aim is to get it down to less than $1 a litre,” he
said.

E .

Murdoch University Professor Michael Borowitzka

Source: http://media.murdoch.edu.au/multi-million-dollar-algae-
biofuel-plant-opens-in-wa%E2%80%99s-north-west

Heterotrophic

Solazyme says it will be able to produce algae Source:

oil for the fuels market at “below $1,000 per http://greenworldinvestor.com/2011/0
metric ton ($3.44 per gallon or $0.91 per liter). 3/16/algae-biofuel-green-company-
The company claims to have decreased its cost solazyme-100mme-ipo-

from almost $10,000 ton in 2007 which financialspartnerscostspros-and-cons-
certainly seems quite impressive. tempting-though-risky/

Solazyme SEE, s
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Cost : Recent Announcements?

‘Even with relatively favourable and forward- \
looking process assumptions (from cultivation to
harvesting to processing), algae oil production
with microalgae cultures will be expensive and,
at least in the near-to-mid-term, will require

additional income streams to be economically
viable,’

Algae Report, EBIl sponsored by
BF,

Nigel Quinn and Tryg Lundquist
of Lawrence Berkeley National
Laboratory (Berkeley Lab)

improvements in addition.

Sale of algae co-products, such as pigments or animal feeds, could \
improve the economics of algae biofuel, but it is not considered in this
analysis because the higher value co-product markets would likely
become saturated before significant biofuel quantities were produced,
while commodity animal feed co-production would likely not have a
decisive effect on biofuels production costs without other production

bpu Page 75
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And... When?
Exxon-Mobil (USA) 10 years
Approx. 2009 - 2018
Carbon Trust (UK) 10 years

Approx. 2010 - 2019
Vision : to commercial by 2020

NREL (USA) 10 years

Approx. 2020
PTT (Thailand) 10 years

Approx. 2008 — 2017
OriginQil + Mexico (USA + Mexico) < 5 years

Approx. 2015

Commercialization 1% National Jet Fuel
from Algae

épre Page /6

RESEARCH:TECHNOLOGY
A N S T T U T E 4

Source: NREL Algae Roadmap 2010, PTT, OriginQil, Biofuel Digests, etc.
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Conclusion

e Algal Biofuel Technology will play an important role in the future

 The world is developing Algal Biofuel Technology in order to become
independent from oil addiction

 THINK ALGAE, focuses on upstream to produce low-cost feedstock while

other (fuel conversion) downstream processing technology are currently
developed with other partners with separate budgets

* THINK ALGAE, will invest >5 million USD for the 15t and 2"? phase (until
2015) aiming for the commercial ready technology within 2017

* Thank you for the opportunity to present here today

* In microalgae area, PTT is still young but growing. We believe that, with
our strong partners, with same vision and goal, and with solid roadmap we
can make it happen (finger cross)
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THINK ALGAE

Thailand Collaborative Research Network
on Microalgal Energy
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Thank Yyou
for Yyour kind attention

Kam,vmmaﬁol

Researcher
PTT Research and Technology Institute

PTT public company limited
Email: kunn.k@pttplc.com
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