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It is the genius of a people that determines how
much Is produced; the presence of
in the earth is not enough.

must be sought first of all in our minds.

substituted for “oil”
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The Challenge

Energy Today — 214 MMBOE/Day
US 45.6 MMBOE/Day

Energy 2020 — 300 MMBOE/Day
US 60.2 MMBOE/Day

Energy — Basis for Civilization

The Technical Resource Is
Adequate

Portfolio of Energy Options
Technically Sound
Economically Sustainable
Significant in Size

Minimize Environmental
Impact
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GDP vs. Energy Consumption
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Wind & Solar

Biomass & Municipal Solid Waste

L Hydroelectric
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Million Barrels Oil Per Day

Nuclear
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Evaluate Greenhouse Gas Resources

Evaluate Sequestration Opportunities

Project Goals
Economically Viable
Environmentally Sound
Integrated Energy Systems

Ethanol Plants
Landfills
Cement Kilns

Zero Emission Power Generation (FutureGen)
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Methane
CcoO, 9%
83%

“EIA Emissions of Greenhouse Gases in the U.S.: 2002~
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Ethanol
Ammonia

Coke Gasification
Meth. Reform.
Cement

Landfills

Power Plants

Quality
High
High
High

Moderate
Low

Moderate

Low

Purity*

99%
99%
99%
65%
50%
42%
8-12%

* dry weight %

Quantity

Low
Low-Mod
Mod-High
Mod-High
Mod-High
Mod-High

V. High
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Non-combustion
(3.7 mm tons)

Annual CO, Emissions

AAPG April 20, 2004



; Fy, |

I . Cement . Ammonia

A Power Refinery

Oil & Gas Ethanol - Landfills

Gas
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First Sequestration
of Agricultural CO,

0il and Gas Fields in Kansas

Shallow Gas I Gas Storage
I Oil and Gas

Russell 1s centered 1n oil,
grain and cattle region AAPG April 20, 2004
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Project Life
Six Years
Total CO, Clwter,

40-60% PPV
102,000* mcf

Injection
December 1, 2004
32,000 mcf (1,666 mt)
Average Daily 240 mcf

Est. 120-180 Days to CO, b
Breakthrough

Production == s
March 3, 2004 8w W ’
Current 3 BOPD '
EUR 20,000 Barrels

2

Sequestration o o Lot I
2 3 Kansas L
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Raw Materials

Annual Impact

: milo del vered
9.5 million to plant

bushels a

wheat glut e

wheat

co-generation

Modified from RFA, artwork by Acker

18.5# Carbon Dioxide

/

One Bushel Milo - Fermentation ~» 2.7 Gallons Ethanol

Heat \ 18# Cattle Feed (DDG)

Ethanol Plant Products

500 MBO

i | IJI

48 million
gallons ethanol

bt | =  Feed supplement
‘ ¥ for 192,000 head

Waste Heat
560 Billion BTU

Feed Pellets

1 metric ton CO, =19 mcf AAPG April 20, 2004



Middle Pennsylvanian
High volatile- to medium
volatile-bituminous
Coals < 6 ft thick
Depth 450 — 1300 ft.
Gas Content

Up to 360 SCF/Ton

Activity
1800 Wells
Estimated Annual Production

10 Bcf

Distribution
Southeast Kansas

Production

Trace to 300" MMcfd
(average 90 Mcfd)

10 to 20 BWPD per well
TDS typically 90,000 ppm
Arbuckle Disposal

Billion Cubic Feet
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Kansas Coalbed Methane Wells
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Year

I Production (Bcf)
—— Value

Includes Gas Production for
Labette, Montgomery, Neosho
and Wilson counties

Dollars Millions Wellhead
Dollars Millions Wellhead

1995 1996 1997 1998 1999 2000 2001 2002 2003
Year
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I . Cement . Ammonia

A Power Refinery

Oil & Gas Ethanol - Landfills

Gas
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Coal Surface
CoOoTooD

® Methane Molecule

Decreased
Fluid
Pressure

Coal Surface
C@Ce®

® Methane Molecule
O 002 Molecule

.—_

Decreased
® Fluid
Pressure
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Landfill Gas (LFG)

9.3 % US Greenhouse Gas
Emissions

8.1 Million Metric Tons CH,
* 4.9 Million Captured
2.4 Million Flared
$1.09 mcf subsidy

Capture Costs
12-15 Cents/Kwh
Assuming 33% efficiency

Deffenbaugh Facility
LFG 4.5 mmcf/day
54 mmcf CO, equiv.
CH, 1.8 mmcf/day sold

116 tons CO, and NMVOC
vented per day

l.'.ﬂ's wells

Dxectuse eg:
Boikrs

ins
Fuonsce s

Electricity geTwer stiom

LFGwapgradng. e g
Substihate rahral gas
Wehirle fuellig
Fielrcelk

Chermicals fe edstock
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* Condensate
Telrerral

\Landfill sie

Blower or
C OLVpTeS ST

Possible
Pre-treatent
Wlay muchade
Fother fileroy
Cras refrigeration
TRhter bbb
Fron oxdde beds
Mendbr e s
Btivrate d carbeo
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Carbon
Dioxide
42%
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Landfill Gas (LFG)
CH,, CO,, NMVOC CH,
Pipeline

7 > Unmineable
Coals
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I . Cement . Ammonia

A Power Refinery

Oil & Gas Ethanol - Landfills

Gas
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Dry Kiln Portland Cement Process .«=-.,
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Raw Feed Mill Homagenization

Cuarry Pre-homogenization
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Calcination Process
CaCO,; > CaO + CO,
0.51 tons CO2 / ton
cement

CO, and N, kiln gas
mix may be suitable
for ECBM with little
processing
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Present Composition

N,
H,O
CO,
O,

% Weight
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Enhanced Coalbed
Methane(ECBM)

Kiln Gas
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Lafarge
Cement
Plants

O Coal Basins

ECBM
Projects
Modified from Portland Cement Association 12/98 map
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Ethanol — 6.6 Cement - 43

Fertilizer - 39

Industrial Processes — 114 {

Land Fill Gas — 182

Energy Methane — 252‘

Electric Generation — 2250

Transportation — Fuel Cells
1850 5

Non-Power Industrial
Commercial
& Residential — 1,565

Total GHG Emissions 6,869 Million Metric Tons

@ AArPG April 2vu, 2004
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® Lafarge

ETHANOL

[ Ethanal Predurtion Eacilisy - Http://www.ethanolrfa
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