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Fuels for the future

Well-to-wheel

and sustainable availability

o Well-to-wheel regulated and unregulated emissions

e Economy & infrastructure
e Other considerations

— energy density

— safety and health (fuel handling)

— specific issues/concerns related to the different driveline applications

(trucks, buses, marine, stationary)
— political environment
— customer perceptions

Volvo Technology Corporation
Fuels and Lubricants, Anders Roj

ERTC - Barcelona 30th November, 2011

VOLVO





Energy efficiency and greenhouse gas emissions
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Energy efficiency and greenhouse gas emissions
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DME — An energy efficient future fuel option

DME » Di-Methyl Ether

-4

CH,-O-CH,

e A “multi source, multi purpose” fuel

e Very high well-to-wheel energy efficiency

e Very high vields of transport work per hectare and year

e Infrastructure and safety similar to LPG

e An ideal fuel for the highly efficient diesel process

e Potential for ultra low exhaust emissions and reduced noise
e Non toxic and environmentally benign

Volvo Technology Corporation ERTC - Barcelona 30th November, 2011
Fuels and Lubricants, Anders Roj VOLVO





EUROPEAN PROJECT
Grant agreement No: TREN/FP7EN/218923

TODME

Production of DME from Biomass and utilisation
as fuel for transport and for industrial use

@En&rgﬁmyndigheten

SEVENTH FRAMEWORK
PROGRAMME

Starting date: 1 September 2008 Total budget 28.4 M€
Duration 48 months EU funding: 8.2 M€
Contact: per.salomonsson@volvo.com Energimyndigheten: 9.6 M€

BIoDME





Demonstratlon of an envwonmentally optimized future bio-fuel for road
transport covering the full chain from production of fuel from biomass
to the utilization |n vehlcles






BioDME Project Partners | .
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CHEMREC DELPHI
- BioDME Plant engineering, - DME injection system
construction and operation development

- BioDME Plant owner

HALDOR TorsoE (8
ETC "N proaucton

- Laboratory support to technology provider

VOLVO

" i!' ‘ BioDME Project Coordinator

- Engine development
preem TOTAL  Vehicle manufacturing
- DME fuel specification - Field test responsible
- BioDME distribution - Fuel Additive development
- BioDME filling stations

BIoDME





DME technology

Diesel base engine unchanged

Diesel process efficiency preserved

New fuel system
» System design to keep DME in liquid form
* Modified engine control software
» DME compatible materials where needed

BIoDME
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Some facts about the BioDME PI‘;L‘ .

v

DME

production
capacity:
e i Pipe ~ 10000 m
Smurfitkappa - — g 7 installation:
Kraftliner 775 = A {
i Hand valves &
on/off valves:  ~ 1400 pieces
~ Instruments: ~ 450 pieces
4/ Black Liquor—; _
A o gasification . Vessels: ~ 30 pieces
Heat ~ 25 pieces
exchangers:

Process Plant 20x 30 m

Gas-<hift, :
Foot Print:

<Synthesi
i b 4 &

1%
E o p-%ﬁ »

= Distillation

% . o A7 ._ Investment ~ 22 million €
. cost (excl
gasification):
European Project BioDME B?ODME

7th Framework Programme





Producerad BioDME, ton
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The plant incl. gasification is
1 | operated by 2 operators per shift R
Holiday f’
' break o ¢
P Over 4 ton DME/d
' Planned — e was reached in Sep -12
maintenance e
| > ¢
o
4
L . Q§
isné‘:eogt'i‘gn @Q\; Key operation data:
) | o Gasification at 30bar/1050°C
Q@ Methanol synthesis at 130 bar
. g’ DME synthesis at 15 bar
° = -~ £ © 1S = — © 7 © c

European Project BioDME BTI.DME

7th Framework Programme





Fuel distribution

Available technology modified for DME

Safety regulations based on LPG

Low cost, ~200 k€ per filling station

Easy to achieve Piteé’\.

Stockholm
Q@

Goteborg
@

© Jonkoping

| Fouifilling stafigh

European Project BioDME BT’.D M E

12 7th Framework Programme





10 Field test trucks
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Trucks leased to selected haulers, used in commercial operation

European Project BioDME 7th Framework
Programme

BIoDME






Field test status 2012-11-05

* Trucks at customer: 8

* Mileage last week: 9 303 km
* Average last 5 weeks 9 802 km
* Accumulated mileage: 769 716 km
* Max truck mileage : 170 612 km

Total Field test mileage
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European Project BioDME 7th Framework BI’DME
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1. Wood to the mill
One load = 42 ton wood*
- DME fuel for ~ 16000 km

2. Product from mill to harbor
5145 trips or 165 000 km/year

Diesel consumption
2 trucks €<—> 220 Passenger cars**

16 km

* Should be biomass, not logs
**5| diesel /100 km, 15000 km/year

BIoDME
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Efficient sustainable transport system d*loped and demonstrated
- A market can be built provided reguladon is adequate

~ * Sufficient biomass

 Plant investors available Biomass :
- * Chemrec technology

Biofuel | validated

* New 2G biofuels
Environ-

volumes needed to —— :
meet EU objectives | Market * Superior CO2
' * Not food-competing

* Vehicle market and
distribution hinge
on regulation

' Distribution
Renewables )
regulation ;
e Uncertainty on duration and . Vehicles . Effective, relatively low-cost
level of renewables support - distribution demonstrated
* Need for concrete and fast

i . ) by Preem
dialogue /

* Volvo DME trucks running

BIoDME





 Excellent environmental properties
 Energy efficient

» Cost efficient

 Global potential for diesel replacement
(gasification of biomass)

Technology demonstrated

* Long term energy carrier

lllustrative film:

* http://www.youtube.com/watch?v=7KcHQk2C9HM

Thank you!

www.blodme.eu
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512.232.1628

WHAT STARTS HERE CHANGES THE WORLD

), THE UNIVERSITY OF TEXAS AT AUSTIN
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e Fossil fuels and petrochemicals available as
crude for extraction cost.

e Can we use technology to do the same thing
in weeks rather than centuries and at less

than extraction cost?

Today the answer is no
But the derivative is very promising





University Activities
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Algae Biomass Production Routes

e —

Grow algae/product accumulation

|

Harvest/Dewater algae

|

Break algae open

|

Recover algae products





Algae Biomass Production Route

Options .

Grow algae/product accumulation

open ponds wastewater
closed bioreactors purchased chemicals
fermentation waste sugars

Harvest/Dewater algae

centrifuge flocculation
dissolved air flotation drying

Break algae open

solvents bead-mill
supercritical CO, pulsed electric field

enzymes
Recover algae products

phase-partitioning w/solvents

supercritical CO, hollow fiber membrane





What is the Best Production Route?
-.=|"Ha|ﬁui

Grow algae/product accumulation

open ponds wastewater
closed bioreactors purchased chemicals
fermentation waste sugars

Harvest/Dewater algae

centrifuge flocculation
dissolved air flotation drying

Break algae open

solvents bead-mill
supercritical CO, pulsed electric field

enzymes
Recover algae products

phase-partitioning w/solvents

supercritical CO, hollow fiber membrane





With S billions invested and 100’s of
developers, EROI still generally negative?

 Non-standardized measurements of virtually every parameter — each
method can produce wildly different results on the same culture
o cell density
o cell count
» gravity settling
e dry weight with and without centrifugation to remove salts
« filtering
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* With S billions invested and 100’s of developers,
EROI still negative

* Incomplete knowledge of membrane and cell wall
electrical and mechanical properties

e Emulsion formation dynamics of debris

e Total oil content measurement challenges

* Nile red (non-specifically binds to a variety of neutral lipid
compounds)

e gravimetric (anything recovered in a particular solvent —
non-specific to fuel or high value products)

e HPLC/MS — detailed quantitative lipid profiling of specific
lipid classes and species of interest

e GC/MS - detailed quantification of fatty acids





HPLG/IMS

ical Analysis of Oil E
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Chi More than 100 discrete ion species
have been observed in lipid extracts
neutral lipids il polar lipids US|ng MS

Hydrocarbons (HC)

Prenol lipids (e.g.; B-carotene, BC)
Triacylglycerides (TAG)
Diacylglycerides (DAG)

' Monoacylglyceride (MAG)

'\ Free Fatty Acids (FFA)
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Integrated Mass Balance

Cultivation
Batch Record
(AC)

CEM

-011511-1

H-011511-1

Harvest:

Batch Record
(AH)
EWRE

H-011511-2

effluent recycled back to pond

Processing flow

Samples are collected b
each processing step.

Volume, biomass, and lipid ¢
measured. Cellular morphola

monitored.

H-011511-3
L-011611-1

Lysing:
Batch Record

(AL) L-011611-2
CEM

E-011711-1

Extraction:
Batch Record
(AE)
SRP






AcCcelerat O SUCCesSs
e Understand cell structures and physiology

— Tensile strength and electromechanical properties of
cell membranes and walls

— Physiological defense mechanisms against predators
— Impediments to oil extraction

e Standards for oil content and growth

— Government-industry-university metrology
consortium

* International participation beneficial
— Standard reference “algae cell” to validate metrology





e The metrology base needed for an industry is
slowly being built

e Without that base, progress is too dependant on
miracles

* Progress is likely constrained by lack of
appropriate measurements and standards

e World needs to work together to establish the
measurements

* Progress is too slow in current mode
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www.bionas.com.my

Biofuel Production
via
Nano-Emulsion and Polarization Technology

Presented by :
Zurina Amnan, Group CEO, BIONAS

4™ INTERNATIONAL CONFERENCE ON BIOFUELS STANDARDS:
CURRENT ISSUES, FUTURE TRENDS
13-15 November 2012 @ Gaithersburg, MD, USA
Organised by : National Institutes of Standard & Technology, USA





Existing Supply Chain of Biofuel Production

Gas Station Refinery -Transesterification Press Mill Agent Farmers

Savings on refinery (transesterification) is channeled to the existing industries

Polarization
&
Nano-Emulsion
Technology

Minimum Savings
of USD50 Million

Gas Station Press Mill Farmers

Savings on refinery (transesterification) is channeled to the farmers
by offering good buy back price of their harvest

BIONAS Supply Chain of Biofuel Production
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CURRENT WORLD “WHITE DIESEL” SUPPLIERS

BP [ ASPIRA ] UK license from Lubrizol BIONAS
CHEVRON [ PROFORMIX ] USA license from Lubrizol
LUBRIZOL [ PURINOXx ] USA
SHELL [ AQUADIESEL ] AUSTRALIA
TOTAL FINA ELF [ AQUAZOLE ] FRANCE
CAM TECHNOLOGY [ GECAM ] ITALY

There are hundreds of patents on emulsified fuel and numerous successful tests conducted
world-wide. Lubrizol and Chevron has been selling emulsifier and emulsified fuel and having
thousands of vehicles running on them. These emulsified fuels have received certifications

from vehicle manufacturers like Caterpillar and others. However, those emulsified fuel/diesel
is not biodegradable and milky colour.
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Water in fuel/diesel/petrol yields the following effects:
1.. Water vaporization increases fuel dispersion in the form of smaller droplets. BIONAS
2.. Contact surface between fuel and air is increased.

3.. Combustion is more efficient.

4.. The explosion of excess water into steam and the splitting of water into H2 and O2 will increase power
and fuel economy.

5.. Reduces combustion temperature peak.(lowers NOx)
6.. Particulate formation is reduced (lowers PM)

7.. Lower emissions: Up to 25% Nox reduction, up to 60% PM reduction, up to 80% smoke reduction,
up to 5% CO2 reduction.

8.. Better lubricity.

9.. Increased thermal efficiency.

Note: Emulsified diesel/fuel is the only emission-control fuel technology that simultaneously lowers both
PM and NOx. with NO FREE WATER.





Links Dvno Tune

HYPER POWER INTERNATIONAL

TEL:+603-5636-9901
FAX:+603-5636-7701

Links Dyno Tune
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WRWE020 : Pow er

— WRWB020 : Torque

w rw 6020 : Pow er
w rw 8020 : Torque

4,500

RPM ( rpm)

2,500 3,000 3,500 4,000

Vehicle : WRW6020

Test : Test30

Duration: 0:0:10.925

Date:; 12/14/10

Ambient Correction : 2 %

for Petrol Nermally aspirated.
Duration: 0:0:10.925

Date: 12/14/10

Speed : 124 km/h @ 6348 rpm
Power : 83.9 Hp @ 6249 rpm
Torque: 112 Nm @ 4483 rpm
Petrol Ron 97 Esso + G100

5,000 5,500 6,000

Vehicle : wrw6020
Test :Test34 ;
Duration: 0:0:11.927
Date: 12/14/10

Power : 84.5 Hp @ 6234 rpm
Torque: 104 Nm @ 4389 rpm
Petrol Ron97 Shell + B20

DYNO TEST RESULT

MOFAZ is a major name
in the automotive scene
in Malaysia & currently

competing in the
Formulal—-Renault
3.5series.

Although MOFAZ added
their G100 additives; and

BIONAS mixed with 10%
water and 10% Jatropha
additives;

the actual result from
the dyno testing shows
increment  in horse
power at lower RPM

when using Bionas’ B20
Bio-Petrol





Collaboration and Conversion Process

Drop In Additives
produced via

Polarization & Nano-Emulsion Ingredients

Technology

Bio

Multi-feed stocks

Existing Infrastructure Distribution

Y

Crude Oil — Storage /
. 1 Refining : _
Extraction Blending

Retailing &Y End User

Conventional Fuel : COLLABORATION Renewable Fuel
& CONVERSION
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MULTI FEEDSTOCK

Jatropha

Algae

Rapeseed Oil
Camelina

Used Cooking QOil
Cotton Seed Qil
Biomass

Swida Wilsonania (cold climate)
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Bionas Bio-Fuel Process Flow
via Nano-Emulsion & Polarization Technology

1. Bionas Additive is produced by multiplying 10% of Bio-Oil (Vegetable Qil) to 100% of
Renewable Fuel/Additive for different types of fossil fuel in just one single line of
production.

2. The first 25% fraction of renewable fuel used to produce additive for Bio-Diesel.

3. The second fraction (37.5%) of renewable fuel used to produce additive for Bio-
Gasoline.

4. Another 37.4% fraction of renewable fuel used to produce additive for Bio-Jet Fuel.
5. The last 25% fraction of renewable fuel used to produce additive for Bio-Heavy Fuel.

6. Glycerin 1% used to produce Super Additive called Bio-Booster in the form of liquid,
powder and tablet (“DROP IN”)

7. Example of the calculation: 1IMT of Bio-Oil (Vegetable Oil) can produce 10MT of
Renewable Fuel/Additive for Bio-Gasoline, and can produce up to 100MT of B20 Bio-
Gasoline at one time of production.





BIONAS BIOFUEL OFFERINGS

Processing, Logistic Infrastructure & Commercial Flow Structure

Bionas’ Biofuel Products :-

B20 Bio-petrol

M30 Petrol

B30 Bio-Diesel

B25 Bio-Heavy Fuel

B25 Bio-Jet Fuel

Bio-Energy Emission Solution (BEES)
Bio-Booster Tablet (Drop In)

No LA WN R

Produced via Nano-Emulsion and Polarization Technologies
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B20 Bio-Petrol & M30 Petrol Commercial Flow Process

Jatropha Extraction Mill &
Bio-Fuel Processing Plant
(Technology Provider)

Additive Ready for
Export Market

Pipeline

Oil Vessel

Bulk
Terminal
(Petrol /
\Gasoline)

Distribution to

Bio-P | & M P | R f
B20 Bio-Petrol & M30 Petrol Ready for Petrol Station

Oil Refinery Export Market





B20 Bio-Petrol & M30 Petrol Commercial Flow Process

1.Bionas Additive is produced from Jatropha Extraction Mill and Bio-Fuel
Processing Plant.

2.Petrol/Gasoline, from Oil Vessels/ Refinery is normally stored in Bulk Terminals.

3.Bionas Additive stored in Bulk Terminals, is ready for sale or export through
Vessels/ Barges.

4.i) A blending storage tank is needed to produce B20 which consist of
80% Petrol, and another 20% Bionas Additive mixed with Booster 0.002% .
ii) A blending storage tank is needed to produce M30 consisting of 70%
Petrol and 30% Polarized Bionas Additive mixed with Booster 0.003% .
5.B20 & M30 are ready for distribution to service stations (Consumers).
6.B20 & M30 are ready for export through Vessels/ Barges.

Market Segmentation
Petrol based internal combustion engines i.e. Automobiles, Motorcycles, etc.






BIONAS B20 BIO-PETROL & M30 PETROL SPECIFICATION

ASTM Standard

Analysis B20 Bio-Petrol M30 Petrol (Petrol) Test Method
Density @ 15°C (kg/L) 0.780 0.778 0.710-0.785 ASTM D1298
Appearance Clear Clear Clear Visual
Distillation:
IBP (°C) 53 51 Max: 70 ASTM D86
90% (°C) 162 141 Max: 180 ASTM D86
FBP (°C) 190 177 Max: 205 ASTM D86
Residue (Vol%) 2 0.5 Max: 2 ASTM D86
Sulphur (ppm) 1.84 0.84 Max: 15 ASTM D5453
RON 105.0 122.2 Min 97.0 ASTM D2699






B30 Bio-Diesel

O B30
== BIO-DIESEL

Nano-Emulsion &
Polarization Technology

Bionas Additive
+Booster 0,003%






B30 Bio-Diesel Commercial Flow Process

Existing Infrastructure

Jatropha Extraction Mill &
Bio-Fuel Processing Plant
{Technology Provider)

Additive Ready for
Export Market

Qil Vessel

Fuel QM5

Distribution to
Heavy Industries wvia
Vessels/Barges S Lorry
Tanker to Retail Outlet

Ready for Export Market (Dil Company)

B30 Bio-Diesel

T L"‘I
Oil Refinery





B30 Bio-Diesel Commercial Flow Process

1.Bionas Additive is produced from Jatropha Extraction Mill and Bio-Fuel
Processing Plant for delivery to storage facility at Ports.

2.Diesel, from Qil Vessels/ Refinery is normally stored in Bulk Terminals.

3.Bionas Additive stored in Bulk Terminals at the Port is ready for sale or
export through Vessels/ Barges.

4.A blending tank is required to produce B30 Bio-Diesel consisting of; 70%
Diesel, 30% Bionas Additive all mixed with Booster 0.003%.

5.B30 Bio-Diesel is ready for distribution to local market and service stations.
6.B30 Bio-Diesel is ready to be exported through Vessels / Barges.

Market Segmentation

Diesel based engines and for industrial heavy machineries.





BIONAS B30 BIO-DIESEL SPECIFICATION

Analysis B30 Bio-Diesel ASTM .Standard Test Method
(Diesel)

Density at 15°C (kg/L) 0.88 0.81-0.87 ASTM D1298
Flash Point (°C) 160 Min: 60 ASTM D93
Kinematic Viscosity @40°C (cSt) 4.80 1.6-5.8 ASTM D445
Total Sulphur (%mass) 0.05 Max: 0.30 ASTM D4294
Cetane No. 49 Min: 47 ASTM D976
Pour Point (°C) -15 Max: 15 ASTM D97
Distillation @90% Recovery °C 360 Max: 370 ASTM D86
Copper Strip Corrosion 3hrs @ 50 °C (Ma. No.1) 1B 1B ASTM D 130
Ramsbottom Carbon Residue on 10% distillation (wt %) 0.04 0.05 ASTM D524
Sulphated Ash (% mass) <0.001 0.001 ASTM D482






B25 Bio-Heavy Fuel
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B25 Bio-Heavy Fuel Commercial Flow Process
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B25 Bio-Heavy Fuel Commercial Flow Process

1.Heavy Fuel from Oil Vessels/ Refinery is normally stored in Bulk Terminal.

2.Bionas Additive is produced from Jatropha Extraction Mill and Bio-Fuel
Processing Plant.

3.Bionas Additive stored in Bulk Terminals, is ready for sale or export through
Vessels/ Barges.

4.A blending tank is required to produce B25 Bio-Heavy Fuel consisting of;
75% Heavy Fuel, 25% Bionas Additive mixed with H20.

5.B25 Bio-Heavy Fuel is ready for distribution to Heavy Industries, Power
Plants etc.

6.B25 Bio-Heavy Fuel is ready to be exported through Vessels / Barges.

Market Segmentation

Shipping & Heavy Industry.





BIONAS B25 BIO-HEAVY FUEL SPECIFICATION

Analysis B25 Bio-Heavy Fuel ASTM Standard Test Method
(Heavy Fuel)

Density (g/mL) 0.9503 Max: 0.960 ASTM D1298
Flash Point (°C) 120 Min: 66 ASTM D93
Kinematic Viscosity @ 50 °C (cSt) 177 Max: 180 ASTM D445
Pour Point (°C) 2 Max: 21 ASTM D97
Total Sulphur (% mass) 1.82 Max: 3.5 ASTM D4294
Sulphated Ash (% wt) 0.089 Max: 0.1 ASTM D482






B25 Bio-Jet Fuel
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B25 Bio-Jet Fuel Commercial Flow Process
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B25 Bio-Jet Fuel Commercial Flow Process

1.Bulk Terminal of associated Oil Company will supply Jet Fuel to airport
storage facilities.

2.Bionas Additive is produced from Jatropha Extraction Mill and Bio-Fuel
Processing Plant.

3.Bionas Additive stored at airport storage facility, is ready for sale or export
through air cargo.

4.A blending storage tank is needed to produce B25 Bio-Jet Fuel consisting of
75% Jet-Fuel and 25% Bionas Additive mixed with Booster 0.003%.

5.B25 Bio-Jet Fuel is ready for distribution to local and regional airports.

Market Segmentation

Aviation Industry.





BIONAS B25 BIO-JET FUEL SPECIFICATION

Analysis B25 Bio-Jet Fuel ASTM Standard Test Method
(Jet Al)

Density at 15°C (kg/L) 0.775 0.775-0.840 ASTM D4052
Flash Point (°C) 39 Min: 38 ASTM D56
Kinematic Viscosity @40°C (cSt) 1.80 1.0-2.0 ASTM D445
Freezing Point (°C) -45 Max: -47 ASTM D2386
Distillation Temperature (°C) 289 Max: 300 ASTM D86
Sulphur (% mass) 3.0 Max: 3.5 ASTM D129
Polycyclic Aromatic Hydrocarbon (%) 22 Max: 25 ASTM D6591
Copper Strip Corrosion 3hrs @ 50 °C (Ma. No.1) 1A 1A ASTM D 130
Auto-Ignition Temperature (°C) 220 0.05 ASTM E659
Vapour Pressure @ 20 °C (hPa) 0.85 Max: 1 ASTM D323






Bio-Energy Emission Solution (BEES)
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Bio-Energy Emission Solution (BEES)
Commercial Flow Process

1.Bionas imports necessary raw materials to its BEES processing plant to
produce BEES.

2.Bionas Additive is mixed with blended raw materials from the Jatropha
Extraction Mill.

3.Imported raw materials are blended in storage facilities before delivery to
BEES processing plant.

4.BEES processing plant produces liquid BEES from blended raw materials.
5.BEES is ready for export and delivery to power plants and boilers.
6.BEES lower emissions from boilers, power plants drastically.

Market Segmentation

Coal based power generation plant & boilers.





BIONAS BIO-ENERGY EMISSION SOLUTION (BEES)

SPECIFICATION

Analysis BEES Test Method
Melting Point (°C) 59.7 ASTM D87
Oil Content (%) 0.63 ASTM D721
Color +17 ASTM D6045
Needle Penetration at 25 °C (1/10 mm) 17 ASTM D1321
Kinematic Viscosity at 100 °C (mm2/s) 4.323 ASTM D445
Odor 2 ASTM D1833






Bio-Booster Tablet
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Bio-Booster Commercial Flow

1. Bionas imports necessary raw materials to its Bio-Booster processing
plant to produce Bio-Booster.

2. Bionas Additive is mixed with blended raw materials at the Bio-Booster
processing plant.

3. Imported raw materials are blended in storage facilities before delivery
to Bio-Booster processing plant.

4. Bio-Booster processing plant produces tablet and powder form of Bio-
Booster from blended raw materials.

5. Bio-Booster is ready for export and distribution to local market in service
station (Consumer) and regional airport.

Market Segmentation

Petrol and diesel based engines and aviation.





BIONAS BIO-BOOSTER TABLET SPECIFICATION

Analysis Bio-Booster Tablet Test Method
Appearance White Crystal Visual
Flash Point (°C) 82 ASTM D92
Sulphur (wt %) n.d. Element Analyzer
Total Acid Number (mg KOH/g) 0.0547 ASTM D974
Total Base Number (mg KOH/g) 0.13 ASTM D2896
Fire Point (°C) 84 ASTM D92






PROPOSED GLOBAL CLEAN ENERGY ECONOMY DEVELOPMENT PROGRAM

THE PROPOSED GLOBAL CLEAN ENERGY ECONOMY DEVELOPMENT PROGRAM

COMPOSITION
BIONAS’ SAVE REDUCE
BIONAS’ OFFERING BIOFUEL METHANOL FOSSIL FUEL FOREIGN OIL | EMISSION
H20 (%) BIO -PORTION
PRODUCTS (%) (%) (%) IMPORTS (%) (%)
(1]
Application of new
technology. B20 Bio-Petrol 10 - 10 80 (Petrol) 20 70-380
No further
investment on M30 Petrol - 30 3 67 (Petrol) 33 70-80
facilities and
infrastructures.
B10-B30 Bio- .
. - 5-15 10-30 70 —90 (Diesel) 10-30 60— 86
Diesel
Consumers save 5
—10% on daily fuel
consumption. Super Bio-Jet Fuel - - 1 99 (Jet Fuel) - 60 — 82
Reduce emission
. .. B10-B25 Bio-Jet
with  minimum | - 5-15 10 - 25 75 — 90 (Jet Fuel) 10-25 70— 82
60%. Fue
. B25 Bio-Heav

Establish new | Y 25 - 1 74 (Heavy Fuel) 26 70 - 82
global economy Fue
and create new
employment. Hydro Diesel 25 - 1 74 (Diesel) 26 70 -82






Bionas’ offering for the
Global Clean Energy Economy Development Program

*implementing new technology for biofuel & renewable fuel;

*formulating the new formula using non-food based multi-feed stocks,
H20 & methanol;

*implementing the cost effective biofuel production system by utilizing
the existing infrastructures, blending and storage facilities at existing
refineries, port and depot;

*performing engine & emission test in collaboration with International
Bodies, Government and Private who will involve in coordination and
implementation of new technology; and

* setting up a new standard for biofuels with emphasis on sustainability
and economic development.





SOLUTION TO IP ISSUES

Bionas offers technology collaboration.

Offer individual product test subject to satisfy the
needs of all engaged sector.

Offer to license and register the technology and
products

Offer the standardization of production process.
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Outline

e An Admission

— | am a Recovering Thermodynamicist
« API Data Book, Expt’l Thesis — Penn State (Daubert & Danner)
» Doctoral Work — UC-Berkeley (Prausnitz)

* Post-Doc — Ecole des Mines, Paris (Renon)

— 19 Years Thermo Freel!!

e Today’s Talk:
— Current Environment (Technology, Policy, Economics)
— Advanced Biofuels Technologies (Types, Progress, +/-)
— The Path Forward





Outline

Energy Consumption (2009) Quads / year % of Total

Petroleum 150 37
Coal 88 22
Natural Gas 85 21
Nuclear 25 6
Biomass 4 1

All Other Renewables 30 7






Energy Prices (with thanks to Zia Haqg!)
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Crude Ol Cost-Price Conundrum

Transportation Fuels Supply Curve — 2020
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“Oil Addiction” Is Catching

Crude Realities

Gulf countries are ramping spending to record levels, but the added
outlays have left governments dependent on ever-higher oil prices.

Total government expenditures
of Gulf countries

forecast
$500 billion T
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Source: Institute of International Finance

Average oil price at which Gulf
governments break even.
Brent crude, per barrel

Bahrain 2012 forecast
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“Oil Addiction” Is Catching

OPEC median budgetary breakeven price
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Fossil Fuels are not “Carbon Copies”

At Today’s Prices:

— COAL: $ 60/ Ton Carbon ($ 3.50/Btu)
— GAS: $210 / Ton Carbon ($ 3.50/Btu)
— CRUDE OIL: $310 / Ton Carbon ($17.80/Btu)

e Carbon taxes would have to be high enough to wipe out
coal before they’d have a meaningful effect on crude oil.

« Additional Price Pressures:
— Coal, NGL's (C,, C;) & Biomass for Chemicals
— “Demand Destruction” from Higher m.p.g., PHEV’s, EV’s, etc.

8





“Alternative” Biofuels - 1

« Biological

— Cellulosic Sugar (Renmatix, EdenlQ, Virdia, Sweetwater, DuPont,
Novozymes, Mascoma, Chemtex/Proesa, BP/Verenium, et al.)

— Sugar to Butanol (Gevo, Butamax, et al.)
— Sugar to Lipids (Solazyme, LS9, et al.)

— Sugar to Hydrocarbons (Amyris, DuPont/Genencor, Global
Bioenergies, et al.)

— Hybrid: Syngas-to-Ethanol (LanzaTech, INEOS, Coskata)

* Photo(bio)chemical
— Photbiocatalytic (Joule, et al.)
— Sunlight-to-fuels, artificial photsynthesis, etc.





“Alternative” Biofuels - 2

 Thermochemical
— Gasification / Fischer-Tropsch (Rentech, et al.)
— Pyrolysis (Ensyn/UOP (Envergent), KIOR, et al.)

— Liquefaction (Virent, Anellotech, Cool Planet, et al.)

e Oleochemical
— Phototrophic Algae (Sapphire, Celana, et al.)

— Novel Oilseed Crops (SG Biofuels — Jatropha, Sustainable Oils —
Camelina, et al.)

— Renewable Hydrotreated Diesel & Jet (Neste, CLG, et al.)






Which (if any) will be the Winners?

e Guiding Principles

— Minimize new capital, especially in the field at small scale
($8/gal-yr (ambitious) is 4x the cost of a greenfield refinery)

— Maximize biomass yield to fuel (or higher) value products
(get >Btu value for lignin to compete at fuel prices)
(lignin = 25-50% of total energy; costly to “burn”)

— Maximize process flexibility to drive the “Supply Wheel”
(Minimize storage & transportation costs, minimize upsets)

— Don’t move water or bulk biomass very far
(liquids or densified quasi-fluids for long-distance haul)

— Avoid slow / dilute conversion processes

(“cooking,” biological processes, solids handling = large equip’t)
11





* As practiced today, under current policies, biological
processes and gasification will not compete at fuel prices

* Pyrolysis and liguefaction technologies have a chance, if
they can fully utilize lignin, keep field capital costs low,
and maximize use of existing refinery capacity

* Biological processes will compete for value-added
chemicals, where conversion specificity is advantageous

e Biological processes may compete for fuels if cellulose
hydrolysis and FS logistics can be greatly improved

o Gasification may compete for fuels when it can be cited
close to an electricity consumer, or if methanol can be
developed into a flexible intermediate

12





However . . .

« NOTHING will be viable in competition with crude oil
unless policies level the playing field

— Pump prices only reflect extraction, refining, transportation, etc.

— Consumers bear massive societal and environmental costs, but
these are “hidden” in military and other spending.

— Consumers (and biofuels investors) have no monetary means to
reap the true benefits of biofuels.

« Also, many if not most of the companies discussed above
have shifted AWAY from fuels toward chemicals, one
large cellulosic ethanol project has been canceled, and at
least one other may be “on hold”
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It's the Stoichiometry, Stupid!

Coal

Methane 1 4 0
Crude QOll 1 ~2 <<1
Biomass 1 <2 <1
Sugar 1 2 1
Fuels 1 ~2 0
Chemical 1 1-2 0-2
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Policy — No Coherent Priorities in USA

Energy Security
(“Stability”)

U. S. Policy?
GHG
Job Creation & Reduction
Balance of Trade ’ ‘ (“Environment”)

(“Economics”)
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