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UCG™ for:

o |GCC Power Generation

* Synthesis of Clean Fuels & Chemicals
 Replacing coal and NG in Power Plants
* Replacing NG as Chemical Feedstock
 Hydrogen Production
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eUCG Technology:

-Energy, Evergy and UCG

El sueno de la razon

produce monstruos
Francisco de Goya

Not cheaper than NG..
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eUCG Technology:

-Energy, Eviergy and UCG
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eUCG & Global Warming:

- CO,- Sequestration

Electricity, Chem. Products 00 : |
sequestration ‘
Air/Oxygen Plant @ Shift?

Steam

NjCo, 1, CH, Hs,[cOy GH, |
) St

Ground

Inject-ion
Jell _ Production Wells ~7gg 1;*(11
| overburden L

) Depleted l 4.
 Gasifier CO: pprage

é__ Lawrence
ergo exerg]’ Livermore

‘C‘ National

Laboratory




ctUCG-IGCC Power Generation

- Process Diagram
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cUCG Power Genemtwn
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cUCG Power Generation

- Comparing Air Emissions
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eUCG & Canada Energy Future:

- GGE from Power Generation & Kyoto Targets

160

-
N
o

120 -

GGE, Mt/a CO2 eq

100 -

80
1990 1995 2000 2005 2010
O Case 1 @ Case 2 @ Case 3 | Kyoto

é’" Lawrance
& ergoexergy E Lt smare




cUCG Power Generation

- Capex of New Power vlants, Canada
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cUCG Power Generation
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eUCG reduces the cost of

CO, management!

The high pressure of eUCG syngas can serve to reduce the cost of carbon capture
and separation substantially

* Good coincidence between |L

¢UCG and CCS sites

» Liquid, natural gas, and H, \
applications require CO, et kg
separation B

o 500-1000

 eUCG geological _ —
characterization can serve * Sites of note

CCS site planning

Pending
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eUCG Technology:

- Getting there...

L ocation Gas Use Size DeveloperfLicensee Done to Date Status

No. Title

E E iPower Generation, | ;Sile Selection and Pre-Feasibility, Site iF’iIot Plant
1:Majuba South Africa Steam Boiler & 71,200 Mwe  :Eskom Holdings Limited :Characterization, Pilot Plant Design & EC e
: : : i : ; : ] {Commissioning
: : ‘Turbine 5 : iConstruction :
|GCC+GTL phant: Site Selec.iml! ani I.:’re-Feamhlllt_'!r. Site : .
: o ‘Characterization, Pilot Plant Design & :Expansion of Gas
‘1. Open Cycle GT 40 : : : AR e i :
; ; : : : :Construction, Commissioning & Operation, :Production,
5 5 e 4.4 5 :Controlled Shutd Post-Gasificati ‘Preparation f.
2iChinchilla Australia 2. CCGT67 MWe %' "_ iLinc Energy Ltd gissadibnn el e e utos U ol s
: : : 84.0 PJia : ‘operations & Monitoring, Gas Cleanup :Installation of Gas
: : :3. 5 bbhlpd GTL plant : : : : : : i ) el
: : :Demonstration, Detailed Design of IGCC  :Turbine, preparation :
4. 24,000 bblpd GTL : ! : : ]
= : plant, Complete tender for Major for IPO :
‘plant : : :
: ‘Equipment E
: : : : : :Site Selection, Initial UCG Study. Costing : :
3§Bm'me| élmlia {IGCC Plant 750 MWe ;Gas Authority of India Ltd éof Pilot and Demeonstration Plant iPre-Feasibility Study !
: ’ i ’ = HUCG+IGCC) s :
: : EF’OW&I Generation, ;
4 iAustralia :Steam Boiler & 1230 MWe iSite Selection ‘Fundraising
‘Turbine
5INZUCG  iNew Zealand {Multiple 1360 MWe  Solid Energy NZ L et S ‘Pre-Feasibility
: : : : iScreening Study :
: : iPower Generation, : i
GiLingUCG  Canada ‘Steam Boiler & {300 MWe  Laurus Energy Inc. ESEIHT‘IO“ st Canada -.:o.alﬁelds forlics, ‘Fundraising
: : Turbine : 5 :Scoping Study, Permitting ;
?EEB GS EEmmcIa E:?r{.l::'we"“g NG L EGGII] MWe ELmuus Energy Inc. ESite Selection, Scoping Study E;?:?twel of Fawe)
BEBhakkm EF’akismn Etown gas 51.3 PJia EDDFC Group EF"reIimin-ﬂl]nr Study ;_?;?]-I:I“S'h""]"
9PRBUCG  USA {GTL, SNG =30 PJia  Gastech Inc. ‘Holdings of 14 billion ton of coal 'Scoping Study
1I]§ND UCaG EUSA ES"G’ co2 . =40 PJ iPliV'ﬂTe Developel iSite Selection, Preliminary Costing iF’roje-:t Structuring
: : isequestration : : g :
11:Thar IGCC  :Pakistan HGCC 1,700 MWe EML, Pict Energy ;Site Selection & Screening Study ‘Fundraising
12§NLC PP Elmlia EF’OW&I Generation Esll'li] Mwe ;Neweli Lignite ;Scoping Study EE';::;‘E:_I?“IH L
'I3§‘u’esme Eltﬂly NGCC plant 1450 MWe Ethosulcis SPA ESite Selection Initial Study Initial Study
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Majuba eUCG Project:

Plant:
4,200 MWe
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The Chinchilla Project

- The Largest and the Longest in the West...

' —Syngas Production: 1.7 million Nfo T~ — .
Coal Consumptlon. 4.7 million‘tla =
» Coal Oil By-Product: 115,000 t/a
Power output 400 MWe

Power export :3@” MWe

*9 process wells; capacity 3000 Nm3/h (eg. /OMWe)

*19 monitoring wells {Australia ‘EPA)\

+ 35,000.t of coal extracted, ©ver 80 million m3 of gas, LHV=5.0 MJ/Nm3,

o = 1100 kPa, t =.300° C
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The Chinchilla Project

- Gas Production -100% Availability
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The Chinchilla Project

- Groundwater Monitoring
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The Chinchilla Project

- Current Status

Maintained in
Preparation for
Resuming Gas
Production
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SNG from eUCG :

- ND SNG Project

Process Streams Quantity, t/day Flow Rate, Nm 3/day Pressure, barg LHV, MJ/Nm 3 Cost, $/GJ

Coal 5,046

02 1,085 759,500 12.00

Steam 4,759 5,922,100 12.00

02 Syngas, wet 50,793 57,942,800 10.50 10.14 1.20
02 Syngas, dry 31,439 33,700,800

SNG 1,164 1,712,329 70.00 32.00 2.50
By-Products: Value, $/t
Phenols 28 1800
Hydrocarbons 347 200
NH3 48 700
CcO2 40,974 ?
Liquid N2 3,571 ?
Naphtha 46 450
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Coal-to-Liquid via eUCG :

- PRB €UCG Project

Net coal
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NZ eUCG Project:

- Site Selection & Scoping

.i".‘
0

i

*

".

14 billion t of coal and lignite
analyzed to select 5 primary
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Canadian Potential:

- Coual Reserves suitable for eUCG

COAL DEPOSITS IN CANADA

: [l anTHRACITE
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* No mining

* No purchase of coal; no ash
management

* No gasifier purchase or operation

* High pressure syngas stream = low-
cost CO, separation

* No particulates or NO,; sulfur
management straightforward

» Good coincidence between CCS and
UCG sites
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eUCG CO, geological storage:

several geological targets, supercritical phase

Geological Storage Oplians for CO, ° Sallne Aquers
1 Deplste ol i g resrvoes. e Injected CO, . .
£ U 90 et oy — s, * Depleted Oil & Gas fields

3 Deep unused saline water-sasurated reservor rocks

5 e, e ey p ﬁ (w/ or w/o EOR and EGR)

; iremal © Unmineable Coal Seams
oy (w/ or w/o ECBM)

= These formations are likely to
| be found near coal seams
——— | chosen for UCG

A ————— - —
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eUCG creates porous, permeable zones

within the stmta

Potential advantages to storing CO, within
eUCG zone.

 Substantial apparent capacity

* Highly permeable; high injectivity

* Potential secondary coal adsorption storage;
autoclosure through swelling

* Existing well set; potential for engineering

control E= - ] —
* Potential to site within highly secure settings ,, —————————————————
(coals beneath shales; seams at supercritical T- MidE- = S PO
ags T8T . A
P conditions) &
Late |
These advantages are unique to the eUCG- i
CCS system, and worthy of serious ; i
investigation

Early LST [ * et

"~ Tununk Shale ~10m|
~10 km
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eUCG & Global Warming:

- CO,- Sequestration
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UCG process alters the seam:

thermal, mechanical, and chemical changes

- max[min[c.100).0) Temperature
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UCG zone. .. E: ._ E:

* Heating/quenching effects on
fractures

* Carbonic acid leaching of ash, tars,
char, coal _ _
* Transport of VOCs, metals
» Dynamic nature of post-gasification [ i = mteinmnenind - gy e g e e
volume v
» Uncertainty in initial o s, e -

environment

T
[
ESEEEIRER
momoooooooon

These concerns make it
necessary to address key
scientific and technical questions
in a substantial research program

bunymulc; Cpde- 150 Toos- 47074 du- 0048 pt Madm- 1011 Cdla-d R En- 4 ded
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Advantages & Disadvantages:

- targeted research program

Key scientific concerns to be addressed in lab, simulation, and field-
based investigations

* T-P-D constraints for effective storage
operation

« Geomechanical response

 Environmental risk from displaced UCG
zone water

» Geochemical effects

T09,P0,00:Co,Kos00:K0

* Long-term fate of CO,

These concerns can be addressed quickly and effectively with a research agenda
involving experiments, coupled-process simulations, and field injections,
monitoring, and verification
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Conclusions:
_ elCG & CCS

« eUCG is a Low-Cost Technology to Produce Hydrocarbons
from Unminable Coal

« eUCG -IGCC has high efficiency and Low Emissions of
CO, and Criteria Pollutants

 Energy Penalty and Cost of Capture and Re-Compression
of CO, in eUCG are very attractive

« eUCG locations are co-incident with prospective CCS sites

« eUCG creates unique opportunities for Carbon Storage in
post-gasification structures:
Advantages and Potential risks are studied further
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