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Pellets

A Pelletmill compresses mealy or powdery
materials through a ring die into A-class granules.

CPM Equipment
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Pellet Economical Assumptions

* 100 Green Tons/day, 330 Days/year, 38%
Moisture

e Capital Equipment (GEMCO China) $740,000%,
Land & Buildings $350,000 (Total $1,090,000)
Financed @7% for 15 years with 20% down
($218,000)

* Working Capital 30% of $1,090,000 ($327,000)

e Electricity 5,000,000 KWh/yr @ $0.10/KWh

e Labor 14 People @ $31.2K+20%, Office 1 Person
@ $31.2K +20%, Manager @$62.5K + 20%

* Maintenance 5% of Capital Equipment,
Consumables 3% of Sales

*SolaGen Capital Equipment Costs $1.5M
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Net Yearly Income $

Net Yearly Income $

Pellets
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Briquetting

BP 6000

BP 6000 is our top model among mechanical presses. It offers a capacity range of
1200- 1800 kg/h for industrial and max. 1400 kg/h for the domestic market and
satisfies customers, who have a largescale demand for briquette pressing. This
machine will often operate almost around the clock and is often installed with
automatic control for fully automated operation.

Ref. 1
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Briquetting

* Puck production costs less than pellets

e Capital investment may be less than pellets

* Electrical consumption ~ 2 pellets

* Bulk density and fuel values similar to

pellets

* Feedstock size up to 34", 0-15% moisture

* Pucks can be made of bark and fine dust

e Pucks can be burned in standard wood stoves

Ref. 2
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Briquetting Economical Assumptions

* 100 Green Tons/day, 330 Days/year, 38%
Moisture

e Capital Equipment $1,010,000, Land &
Buildings $350,000 (Total $1,360,000)
Financed @7% for 15 years with 20% down
($272,000)

e Working Capital 30% of $1,310,000
($408,000)

e Electricity 1,800,000 KWh/yr @ $0.10/KWh

e Labor 8 People @ $31.2K+20%, Office 1
Person @ $31.2K +20%, Manager @$62.5K +
20%

* Maintenance 5% of Capital Equipment,
Consumables 3% of Sales
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Briquetting

Net Income Versus Fuel Oil #2 (0.6 Factor) Price (100T/day Briquette)
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Ref. 3

Wood Bio-oil
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Wood Bio-oil

 Using 500C fast pyrolysis process, small wood
chips (~2mm) can be converted to char
(~15%), non-condensable gases (CH4, H2, etc.
~15%) and bio-oil (~70%).

* The bio-o0il has higher oxygen/water content
than petro-oil, resulting in lower
energy/gallon (50%)

* The oil is not easily mixed with petro-oil and
is more acidic and less stable

* Furnaces and turbo-electric generators can
be converted to burm bio-o0il, reducing the
demand on petro-fuels

* One ton of “dry” wood can produce
approximately 140 gallons of bio-o0il. At a
value of 50% of the petro-fuel oil cost (for
$3.00/gallon for diesel in 2008), the value is
estimated to be around $210/ton wood

Ref. 4-5
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Ref. 6

Wood Bio-oil Economical Assumptions

100 Green Tons/day, 330 Days/year, 38%
Moisture

Capital Equipment $6,720K, Land & Buildings
$400K (Total $7,120K) Financed @7% for 15
years with 20% down ($1,424K)

Working Capital 30% of $7,120K ($2,136K)

Electricity 7,750,000 KWh/yr @ $0.10/KWh

Labor 16 People @ $31.2K+20%, Office 1
Person @ $31.2K +20%, Manager @$62.5K +
20%

Maintenance 5% of Capital Equipment,
Consumables 5% of Sales, Royalty/License 3%
of Sales
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Wood Bio-oil

Net Income versus Fuel Oil #2 Price/Gallon (100T/day Dynamotive)
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Wood Bio-oil

Biggest Issue With Bio-oil!!

It can not be used directly as diesel replacement!!

Ref. 7
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Upgrading Wood Bio-oil

* PNNL (Doug Elliott) investigating bio-refinery
using high pressure and moderate
temperatures with H2 to upgrade

- Dynamotive developing process for upgrade :

“Process conditions are relatively mild (e.g. pressure
< 1200 psi and temperature < 350 °C). Together
with the reduced requirements for hydrogen it may
be expected to enable small scale processing of
BioQil to provide a renewable source of
hydrocarbons from whole ligno-cellulosic biomass”

Ref. 8-9
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Upgrading Wood Bio-oil

6,000,000 Net Income versus Wood Diesel Price/Gallon
(100T/day 50% Dynamotive)
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Assumptions:

e Capital Equipment Increased $3M

* 50% Reduction In Gallons of Diesel versus
Gallons of Bio-oil

* $0.40/gal Consumables
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Wood Methanol

Biomass to Liquid Fuel

Crude Syngas Clean Syngas

~_

Scrubber

Wood Biomass

(Syngas = CO, + CO +H,)

Bio-Methanol

(Wood Alcohol)

The LPMEOH™ process represents a major departure from traditional gas-phase routes to
produce methanol in the method of removing the heat of reaction. The formation of methanol
from syngas is highly exothermic, as shown by the following equations.

CO + 2H, < CH,0H AH, = -90.8 kJ/g-mol
CO, + 3H; - CH:0H + I,0 AH, = -53.6 kl/g-mol

In addition to these methanol synthesis reactions, the water-gas shift reaction also occurs.
CO + H,0(g) = H, + CO, AH, =-43.1 kl/g-mol

Ref. 10-11
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Wood Methanol

Unreacted Syngas
+ Methanol Product (vapor)

Disengagement Zone
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Ref. 12
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Wood Methanol

Energy Content/Gallon 52% of Gasoline
(but higher octane 109)

o Convert Wood to Syngas (CO, H2, CO2) with High
Temperature (~9002C)

o Convert Syngas to Methanol Using Catalyst at Low
Temperature (~2502C)

o 140-185 Gallons/Ton of Dry Wood

o Greenhouse Gas Emissions 90-95% Less Than Gasoline

o Methanol Has Been Dropped From The US Gov
Initiatives (Why? Is it technical or political?)

o There Are Major Efforts To Use Methanol For Motor
Fuels In China, Brazil, and Europe
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Wood Methanol Economical Assumptions

Ref. 13

100 Green Tons/day, 330 Days/year, 38%
Moisture

Capital Equipment $17,020K, Land & Buildings
$500K (Total $17,520K) Financed @7% for 15
years with 20% down ($3,504K)

Working Capital 30% of $17,504K ($5,256K)

Electricity 7,750,000 KWh/yr @ $0.10/KWh

Labor 16 People @ $31.2K+20%, Office 1
Person @ $31.2K +20%, Manager+Staff
@%$62.5K each + 20%

Maintenance 5% of Capital Equipment,
Consumables 6% of Sales, Royalty/License 3%
of Sales
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Cash Flow/Month

Wood Methanol

Net Income versus Methanol Price/Gallon (100T/day)
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Wood Methanol

®* Wood methanol competes with methanol being
produced with natural gas (prices $1.50-$2.50 the past
year)

® Methanol is used in converting vegetable oils into
diesel (~10% of diesel fuel)

* With Montana pushing bio-diesel production, there
may be a market for the methanol locally (a few
hundred miles away)
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Wood Fischer-Tropsch (FT) Diesel

Producing SunDiesel from Biomass

Biomass

Recuperator Gas scrubber

Upgrading

FT synthesis

0

Dust elimination
Source: Choren

Gas conversion

National Instituto of
nced industrial Science
'and Technology

BTl Bench Plant (built on March 30th, 2.5,

1) Atmospheric Gasification (fixed bed type)

2) Atmospheric Dry Hot &Wet Gas Cleaning

3) Compression and Storage of Synthetic Gas

4) Fischer—Tropsch(F-T) Synthesis (slurry bed type)

Dry&hot gas
cleaning

Gasificatiofntar removal) F-T synthesis

Y

Wood chi Synthesized

(cl)gfvfl;O(l)p M > M =P L ydrocarbon

kg/day) I H(lixguie, 6
Wet gas Compression and L/day)

cleaning storage

~38 Gallons Diesel/Ton of Wood (at larger volumes would expect >50gal/ton)

Ref. 14-15
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Comparison of Options
CO2

RME=Raps-methyl-ester

(biodiesel)
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CMG (Biogas)

0 0,5

FT-Diesel (Residual wood)

Compares fuel costs and the greenhouse gas emissions of the fuels

Schindler J, R Wyrster, M Zerta, V Blandow and W Zittel. 2008. Where will the energy for hydrogen production come from? — Status and alternatives. European Hydrogen
Association, Ludwig-RolkowsSustembechnik GmbH (LBST), DHnhonn, Germany

Methanol and F-T Diesel From Residual Wood are
Both Low In CO2 Released and Reasonable In Cost
(diesel cost ~2.6X higher/gallon than methanol)

Ref. 16-17
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Comparison of Options (cont)

Comparison of Investment Cost
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Assumes: pellet and briquette price is 0.6 of diesel heat equivalent (0.3 of diesel/1b), bio-oil
and methanol are 0.5 diesel price/gal
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Conclusions and Recommendations

When high prices of gasoline and diesel return, the options
of using waste wood to make biofuels will become
economically competitive

The technology is becoming available to convert waste wood
into liquid energy products on a smaller scale (<100 dry
tons/day)

It is critical to know the available wood resources and the
cost of feedstock before proceeding on any option

While promising options appear to exist, more study and
more accurate evaluations need to be done before any major
commitments are made, and the price of oil will need to get
to greater than $125/barrel before some become economical

Currently, the simpler technologies (pellets and briquettes,
which are also much cheaper in capital) appear to be better
economically

Other technologies that need to be evaluated include 1)
wood-to-ethanol conversion (new technologies becoming
available), 2) torrefaction, 3) biochar and 4) gasifaction
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