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Chemrec Ownership and Main Business

VantagePoint Volvo Technology Transfer Nykomb
Venture Partners (AB Volvo) Synergetics

Chemrec AB

* Chemrec develops and Commercializes Black Liquor Ga  sification

Technology which will convert Pulp Mills to Biorefi neries
* The technology has the potential to generate near 3 0 % of Sweden’s current
consumption of automotive fuels through black liquo r gasification at the

Swedish pulp mills. The potential in Finland is ~50 %, in Canada ~7% and in
the US ~3%.

* Fuel generation at pulp mills becomes a second main product generating a
cash flow on the level of 1/3 of the cash flow of t  he pulp at prices close to
energy price of diesel and gasoline at crude prices of 30 USD/bbl

e Alternatively the technology has the potential to g enerate approx. 10 TWh
added green power production or ~7 % of current Swe  dish power
consumption.
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Pulpwood
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Source: DOE & Chemrec

Today’s Pulp Mill

Heat, power and
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Market opportunity: Many Pulp Mill Recovery
Boilers ripe for replacement  (example for North America)
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Chemrec allows a Pulp Mill to become a
Biorefinery

Paper Products

Fuels and Lubricants
— Methanol / DME
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— FT Liquids
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Power and Heat

Products/Chemicals
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— Solvents
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— Furfural

— Fatty acids
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— Carbon black

— Paints, Dyes, Ink
— Detergents

Biomass

—

Heat, power and
grocess chemical

Food and Feed

Source: DOE & Chemrec
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The Chemrec Solution: 1.the Recovery Boiler is augmented or

replaced with a Chemrec Black Liquor Gasification P lant for Motor Fuels (BLGMF?*)
Cooking

In: Typical
5-600 MW

rai

2. Whereas te’EoVéry Boiler only ] chemrec fuels:
recovers chemicals and energy, the Chemrec :

Chemrec system recovers chemicals, Plant - DME/MeOH/H2
energy and allows production of green Biomass sEsssssmmmEmEns

fl;gl)/szoo’;Altematively a Black Liquor Gasification Combined Cycl% (BLGCC) plant for electricity production




Pressurized, O ,-blown Black Liquor Gasification
- General Scheme -
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Chemrec: The DP -1 Plant in Pite &, Sweden
(in operation)
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Chemrec’s DP-1 Plant, Site for DME Pilot
and Planned Commercial Demonstration Plant DP-2.
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A DME Pilot at the Chemrec DP-1 Plant in Pited, Swe den
Planned start-up mid 2009

.

- Which results?
- Who should tackle?

The DME Pilot
DME or MeOH

PD.U Raw MeOH R
HP-steam Process Developmt or DME
(Dp-1/mill Unit ci
P Dp-1/mill)

H2/CO = 1/1 lg
cy

[eJeo) OO
~4 ton DME / day
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Investment in new Recovery Technology
Capacity: 2000 tDS/d black liquor

130 MEUR

INVESTMENT
150 MEUR

BLGMF PLANT
280 MEUR
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Swedish Fuel Consumer Price - average 2005
(Net back calculation)
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Pay Back Calculation; Large BLGMF plants
MeOH: 245 000 t/y or DME: 172 000 t/y

Product MeOH DME
Plant size, tDS/d of Black Liquor 2000 2000
Incremental Revenues and costs, MEUR/y

MeOH/DME product excl. / incl. Swedish CO ,tax | +49/+82 | +56/+94
(Not including VAT, energy tax and distribution)

Extra pulp yield (at 550 USD/t) +7 +7
Additional biomass, 67 EUR/t (dry) -8 -8
Operation & Maintenance -5 -5
Electricity purchase, 51 EUR/MWh -14 -14

Net Operating benefit 29/ 62 36/74
Investment, MEUR

Investment incl. integration with mill 280 280
Recovery Boiler Investment - 130 - 130
Incremental investment 150 150
Pay-back time, years 52/2.4 4.212.0
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Watch the whole chain:
From use of land to useful energy e.g. on an

engine shaft Finally utilized
energy
Example:
-ethanol
-RME :
-DME/methanol Conversion

Example:

_ iCle

: -Diesel cycle
Conversion Otto cycle
to fuel
- fermentation
______ - gasification
Use of - etc
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Biomass to Automotive Fuels:
Replacement Potential within EU-25 in 2040

Used Potential P’?Eerlt'?l
today today agaea to
\ T 7/ 2040

\\ Energy i p

DMVE / MeOH 28% substitution of 2002 consumption

FTD 17%o substitution of 2002 consunmption

o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
(MWh/year)

Source: EU project Renew within FP6 and EUCAR/Conca we/JRC (2005)
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Well to Wheel Analysis (heavy duty vehicles)
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Source: AB Volvo
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Driving range per hectare of land for heavy duty
vehicles

Distance per hectare and year
(Heavy duty vehicle)

O Rapeseed to RME, byproducts as
animal feed

m Wheat to ethanol, straw as energy,
byproducts as animal feed

O Salix to Ethanol

FTD

O Salix to Synthetic Diesel

m Salix to Synthetic Diesel via Black

Liquor

m Salix to Methanol

@ Salix to DME

o Salix to Methanol via Black Liquor

— \
o -

2000 4000 6000 8000 10000 12000

O Salix to DME via Black Liquor

km / hectare & year

Source: AB Volvo

Diesel engine efficiency assumed for all fuels

5/25/2007 18



Honored Best New Achievement by
“Best of What's New " Science Magazine, Nov 2005

optimized for E100 be expected when

optimized for methanol

+ 16% on torque when SAAB (GM Europe)
optimized for E100 has also done initial

testing* ) on M85/ M100

*) exhaust
emission
testing
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Conclusions

e |n 2040 almost 1/3 of the motor fuels consumed in EU  -25 countries

iIn 2002 could be produced from biomass utilizing the gasification
route.

* When studying the full chain “Well to Tank” using bi omass as
feedstock the growing of the biomass has the biggest Impact on the

environment according to the LCA.

* Conversion efficiency biomass to motor fuel has theref ore a strong

iInfluence on the overall impact of utilizing biomass as a source for
motor fuels
* DME production through the use of black liquor from a pulp mill
shows the lowest impact according to most indicators In the LCA
* Fuel generation from black liquor from pulp mills is a very energy-

and cost efficient way to generate motor fuels
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