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FESTEL CAPITAL is an advisory and investment firm focusing on the commercialisation
of technologies and optimisation of organisations  in the areas of energy, environment,
health, infrastructures, materials and nutrition

FESTEL CAPITAL supports start-ups and spin-offs from business planning over
transactions up to business optimisation

FESTEL CAPITAL invests in selected companies and supports companies based on
equity participation

FESTEL CAPITAL has special expertise and experience in business development and
partnering in China

For queries, please contact

Dr. Gunter Festel Phone/Fax +41 41 780 1643
Schuermattstr. 1, CH-6331 Huenenberg/Zug Mobile Switzerland +41 79 6527 112
E-Mail gunter.festel@festel.com Mobile Germany +49 177 356 1837
Internet www.festel.com Mobile China +86 1350 1880 189
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Copyright

« All rights for the use of all or parts of the information in this document, including reprinting
the whole document or parts thereof, the storage in databanks and translations remain with
FESTEL CAPITAL

« Individual charts can be reproduced stating FESTEL CAPITAL as source; please contact
FESTEL CAPITAL, should you wish to reproduce larger parts of this document

Disclaimer

 FESTEL CAPITAL has prepared this document to the best of FESTEL CAPITAL's know-
ledge and belief based on all available information

« FESTEL CAPITAL takes no warranty for the accuracy and completeness of this information

» Before deducting individual conclusions, it is necessary to obtain additional data and
conduct further analyses

« Therefore, all liability for costs or damage resulting from information and conclusions in this
document is excluded
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Abbreviations

 BTL Biomass-to-Liquid * H, Hydrogen

« CNG Compressed Natural Gas o | Litre

« CTL Coal-to-Liquid « kt Kilotonne

- DME Dimethyl Ether * LNG Liquified Natural Gas

- FAME Fatty Acid Methly Ester « LPG Liquified Petroleum Gas

 FT Fischer-Tropsch * MeOH  Methanol

« GHG Greenhouse Gas * RME Rape Seed Methyl Ester

« GTL Gas-to-Liquid « SNG Synthetic Natural Gas

© 2007 FESTEL CAPITAL
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Fuel types can be categorized based on raw materials and ma
technologies

Raw
material

Conversion
technology

Fuel
product

IN conversion
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Different generations of modern fuels deriving from fossil and renewable
resources exist

Based
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Hydrogen renewable D v
energy 'c% e
2nd Generation Biofuels Bzzsned - e
1st Generation Biofuels biomass
GTL fuels pased
natural
CNG /LNG R _ §
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oil
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today tomorrow
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There are many pathways for the energetic utilisati  on of the different kinds
of biomass

Harvest Residues Waste (slurry, sewage,
(straw, forestry waste) industrial and commercial residues)

Energy Crops

y y \4

Harvest/Collection = <— Processing <+— Transportation <+—»Storage

v v v

: : Physical-chemical Fermentative and Enzymatic
Thermochemical Conversion Conversion Conversion
y \ 4 \ 4 y \ 4 \ 4 \ 4
e Physical-chemical Alcohol
Carbon- . Gasifica- : Fermen- Compos-
ization Pyrolysis tion conversmnv thrigin' tation ting
| Transester |
| Synthesis |«
\ 4 \ 4 \ 4 \4
Solid Fuel Fuel Gas
y
Combustion
(fuel cells, engine, turbine, boiler)
Electricity < Thermal Energy Process < Heat

Source: Fraunhofer Institute for Environmental, Safety and Energy Technology
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There are numerous evaluation systems for the compa

rison of the different

fuel types
Kind / Biofuel production Biofuel suitability concerning
Criteria  |Overall thermal | Technical Current fuel Current
effciency 2 effort distribution vehicle fleet
FT diesel — \ / /
MeOH — — \ \
DME — \ — —
SNG 7 7 . .,
H e e N\ \
Legend: / very promising — promising \ less promising

Evaluation of biofuels in relation to each other in context of present frame conditions

a based on selected refererences
bin terms of system complexity

Source: Institute for Energy and Environment Leipzig
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Biofuels are a complex topic due to the high number of dif ferent influencing
factors

Biofuels influencing factors

Ecological / political

Technical factors Economical factors T
« Raw material supply * Fuel costs (incl. subsidy * GHG emissions and
: and tax aspects) reduction costs
» Conversion technolo-
gies « Engine modification  Support of local farmers
» Engine / powertrain costs - Efficient land use / food
technologies * Infrastructure / availa- vs. fuel usage
* Infrastructure require- Sl @osie * Reduced dependency
ments / investments » Trade balance impact on crude oll
How can interesting technological opportunities be identi fled without

getting lost in these details?

© 2007 FESTEL CAPITAL www.festel.com 9
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An analysis of the customer preferences shows clear ly the importance of
price and low modification costs

Buying criteria for car drivers Acceptance of modification costs

60 50

Number of interviewees 1 (%)
Number of interviewees 1 (%)

Price Environmental  Consumption  Performance Lower than Lower than Higher than

Friendliness 2 0 Euro 100 Euro 500 Euro 500 Euro

1) Multiple answers were not possible
2) At the same fuel price
Source: Interviews with approx. 200 car drivers conducted by the Hochschule Reutlingen on behalf of FESTEL CAPITAL
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Fundamental aspects of customer acceptance will define
for short- to mid-term biofuel usage

the requirements

Hypotheses regarding biofuel usage

Customer acceptance

» Lower prices compared to fossil
fuels (without tax subsidy!)

* Normal usage of existing cars
- No loss of power and range
- No modification costs

 High availability and easy
handling (similar to existing fuels)

Biofuel requirements

« Low raw material and production
costs

» No additional distrubution /
infrastructure costs

* Problem-free mixing with existing
fuel types

- Same chemical/physical proper-
ties as existing fuels (e.g. energy
content)

Important are economical factors and not ecological
for market success are the costs for the car owner

aspects - the deciding factor
at the filling stations

© 2007 FESTEL CAPITAL
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Due to these requirements the high complexity of biofuel s can be reduced
significantly

Biofuels influencing factors

Ecological / political

Technical factors |
Economical factors factors

- Raw material supply * Fuel costs (incl. subsidy

- Conversion technolo- and tax aspects)

gies

View of investors!

Regarding success probability only fuel costs based on raw material
supply and conversion technologies are of importance

© 2007 FESTEL CAPITAL www.festel.com 12
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Fossil fuels

Biofuels
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cellulosis)
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Biofuel Evaluation Methodology - Selection Creating a Better
Based on these requirements only BTL fuel, bioethano |, biobutanol and
biodiesel were analysed in detail with regard to pro duction costs

Raw . :
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A model calculation for Germany shows the competiti veness of the different

petrol substitutes (1/2) _
Numbers are based on a "bottom-up" calculation mode I

. Raw : . Plant Plant Production Profit Pr_lc_e
Biofuel : Region Scenario : : at Filling
Material Size Investment Costs Margin Station
(kt/year) (mn Euro) (Euro/lfuel) (Euro/l) (Euro/l)
. 60
Petrol Crude oil Europe USD/barrel 10,000 2,600 0.37 0.05 1.30
Biobutanol  Corn USA Largg;ga'e 200 240 0.33 0.02 1.30
Biobutanol  Straw  USA Largg;ga'e 200 240 0.30 0.05 1.30
Biobutanol  Straw  Europe Lar%%gga'e 200 240 0.35 0.09 1.30
Bioethanol  Straw  USA Smgggga'e 50 90 0.45 .0.13 1.30
Bioethanol  Straw  USA Larggg’ga'e 200 240 0.30 0.02 1.30
Bioethanol  Straw  USA Larggfga'e 200 240 0.27 0.05 1.30
Bioethanol ~ Straw  Europe Larggosgale 200 240 0.36 0.01 1.30
Bioethanol Wheat Europe With tax 200 200 0.48 -0.11 1.30

Source: FESTEL CAPITAL analysis

© 2007 FESTEL CAPITAL www.festel.com 15
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A model calculation for Germany shows the competiti
petrol substitutes (2/2)

veness of the different
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l O Blending costs

O Distribution costs

B Capital costs
O Production costs

O Raw material costs minus
revenues from byproducts

Production costs (Euro/l)

[ | em
[
B [ ¢m

A

A - Petrol (crude oil, 60 USD/barrel)
B - Biobutanol (corn, USA, large scale 2008)
C - Biobutanol (straw, USA, large scale 2008)

E - Bioethanol (straw, USA, small scale 2008)

B

C

D

Source: FESTEL CAPITAL analysis

© 2007 FESTEL CAPITAL

F - Bioethanol (straw, USA, large scale 2008)

G - Bioethanol (straw, USA, large scale 2012)

H - Bioethanol (straw, Europe, large scale 2008)
D - Biobutanol (straw, Europe, large scale 2008) | - Bioethanol (wheat, Europe)

www.festel.com
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A model calculation for Germany shows the competiti
diesel substitutes (1/2)

veness of the different

Numbers are based on a "bottom-up" calculation mode I

: Raw : , Plant Plant Production Profit Pr_lc_e
Biofuel : Region  Scenario : : at Filling
Material Size Investment Costs Margin Station
(kt/'year) (mn Euro) (Euro/l fuel)  (Euro/l) (Euro/l)
: : 60
Diesel Crude oil  Europe USD/barrel 10,000 2,600 0.37 0.06 1.10
Biodiesel Rape seed Europe  With tax 200 40D 0.54 -0.13 1.10
Biodiesel Rape seed Europe Without tax 200 400 0.54 0.34 1.10
BTL Wood Europe Smallscale 4., 200 1.02 0.61 1.10
with tax
BTL Wood Europe -2f9escale |4 54, 1,600 0.82 .0.41 1.10
with tax

1) Including oil mill

Source: FESTEL CAPITAL analysis

© 2007 FESTEL CAPITAL
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A model calculation for Germany shows the competiti veness of the different

diesel substitutes (2/2)
1,2

O Distribution costs

o
o]

O Blending costs

B Capital costs

O Production costs

O Raw material costs minus
revenues from byproducts

%

Production costs (Euro/l)
o
(@]

o
RO

A B C D

A - Diesel (crude oil, 60 USD/barrel)

B - Biodiesel (rape seed, Europe)

C - BTL (wood, Europe small scale 120 kt)
D - BTL (wood, Europe large scale 1,200 kt)

Source: FESTEL CAPITAL analysis

© 2007 FESTEL CAPITAL www.festel.com 18



Production Cost Comparison

- Result

ESTEL
C arrTaL

Creating a Better
Future

The most competitive biofuel type for the German market is E

butanol made from straw

Production costs (Euro/l)

uropean bio-

1,0
0.9 ] Without correction with
e the energy density | gm )
081 - With correction withthe | @8 -
[ energy density
A e R -
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0,0
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A: Petrol (crude oil, 60 USD/barrel) A: Diesel (crude oil, 60 USD/Barrel)

D: Biobutanol (straw, Europe, Large scale 2008) B: Biodiesel (rape seed, Europe, Large-scale 2006)
H: Bioethanol (straw, Europe, Large scale 2008) D: BTL (wood, Europe, Large scale 2012)
I:

Source: FESTEL CAPITAL analysis
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Bioethanol (corn, Europe, Large scale 2006)
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Butanol (1-butanol / n-butanol) is being seen asam  ore superior alternative
fuel than ethanol due to its more favourable chemica | / physical properties

« Butanol has clear advantages compared to ethanol

Lower vapour pressure and higher flashpoint?)
Less miscible with water and far less corrosive

Can be shipped and distributed through existing infrastructure (pipelines and filling
stations)

Can replace fossil fuels up to 100% without modifying the engine (some sources say
only 40%)?

Can be blended with diesel or biodiesel and burned in diesel engines

» Butanol has also some disadvantages compared to ethanol

Lower octane rating®

Higher viscosity

1) Vapour pressure (20°C): butanol 5,6 h Pa, ethanol 58,5 hPa; flashpoint: butanol 36°C, ethanol 12°C
2) Ethanol can only be blended up to 85% and here modifications to the engine are required (e.g. flexible fuel vehicle)
3) Research octane number (RON): butanol 96, ethanol 130

© 2007 FESTEL CAPITAL www.festel.com 21
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The whole value chain has to be optimised before a b

process can be realised successfully

lobutanol production

« Transportation/
logistics

« Storage

 Purification of
hydrolysate

decentralised)

* Locations
(infrastructure,
acceptance)

Partner

© 2007 FESTEL CAPITAL

* Logistics

Partner

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Feedstock Cellulose Butanol Butanol Engineering/ Butanol
supply hydrolysis fermentation purification construction usage
 Kind of ligno- * Pretreatment + Kind of micro- « Technology * Business * Market
cellulose feed- organisms (destillation, model segment
stock (price, + Kind of hydroly- (yeasts vs. membrane
availability, sis (enzymatic, bacteria) technology) * Investments * Region
sustainability, concentrated/ (pilot plants
external dilute acid) * Plant design ¢ Infrastructure and upscaling) | |+ Pricing
effects) (centralised vs.

Tax effects

www.festel.com
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