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Update on US Clean Coal/CCS Major
Demonstration Projects

Platts 8" Annual European CCS

Joseph Giove lll
Director, Division of CCS Demonstrations
February 19, 2014




FE’s CGal'RD&T Tnvestment Strategy

RESEARCH & DEVELOPMENT

Core Coal and
Power Systems R&D

DOE - FE — NETL

Technology Development

TECHNOLOGY DEMONSTRATION

FutureGen 2.0
Clean Coal Power Initiative
Industrial CCS

Commercial Readiness

DOE - FE — NETL

FINANCIAL INCENTIVES

Tax Credits
Loan Guarantees

DOE - LGO - IRS

Market Penetration




DOE’S"NTajtr DetriutisStratisis Program

A History of Innovative Projects




IV a diokic €y - B et o siiica i Propects
Project Locations & Cost Share
. ccrl

FutureGen 2.0
Large-scale Testing of Oxy-Combustion w/ CO ICCS Area 1
Capture and Sequestration in Sali
Project: ~$1.65B — Total; ~$1.(
SALINE — 1M MTPY 2017

Archer Daniels Midland
CO, Capture from Ethanol Plant
CO, Stored in Saline Reservoir
$208M — Total, $141M — DOE
SALINE — ~0.9M MTPY 2015 start

Summit TX Clean Energy
Commercial Demo of Advanced
IGCC w/ Full Carbon Capture
~$1.7B — Total, $450M — DOE
EOR — ~2.2M MTPY 2018 start

Southern Company

Kemper County IGCC Project
" Transport Gasifier w/ Carbon Capture
~$4.12B - Total, $270M - -DOE
EOR - ~3.0M MTPY 2014 start

HECA
Commercial Demo of Advanced
IGCC w/ Full Carbon Capture
~$4B - Total, $408M — DOE
EOR - ~2.6M MTPY 2019 start |°

Pv?,tLaP':'g;’:ézgggt?:;ysﬂtif) Air Products and Chemicals, Inc. Leucadia Energy
P<.)s.t Combustion CO, Capture CO, Capture from Steam Methane Reformers CO, Capture from Methanol Plant
$775 M — Total EOR in Eastern TX Oilfields EOR in Eastern TX Oilfields
$167M — DOE $431M — Total, $284M — DOE $436M - Total, $261M — DOE
EOR — ~1.4M MTPY 2017 start EOR - ~0.93M MTPY 2012 start EOR - ~4.5M MTPY 2017 start




Portfolio of Cap

Pre-combustion

eceived, Clerk's Of 08/05/2014 **PLC #1**
ure and storage Approaches

Plant Type Sequestration

Feedstock
Power Industrial Saline EOR Rate*

Leucadia, Lake Charles (Methanol X X 45 Petroleum Coke
& Hydrogen)

Air Products and Chemicals, Inc.

(SMR) X X 0.925 Natural Gas
ADM (Ethanol Production) X X 0.900 Corn Fermentation

Post-combustion

Oxy-combustion

FutureGen 2.0

IL Bituminous /PRB
. . R Coal Blend

. ccrl ICCS

FutureGen 2.0 *Rate in million metric tons per year




SGUtHEMH COMEEAYSErTEEs "
Advanced IGCC with CO, Capture

Kemper County, MS

582 MWe (net) IGCC: 2 Gasifiers, 2 Siemens
Combustion Turbines, 1 Toshiba Steam
Turbine

Mississippi Lignite Fuel

~67% CO, capture (Selexol® process)
3,000,000 tons CO,/year

EOR Denbury Onshore LLC, Treetop
Midstream Services LLC

Total Project: $4.3 Billion
DOE Share: $270 Million (7%)

¥ Distribution of coal-bearing units in the Gulf Region

300 600 Miles

Status

= Plant construction >75% complete;>5,400
construction workers on site

= CO2 off-take agreements signed

= Lignite mine under development

= Subsystem in pre-commissioning

= Combustion turbine startup: Aug 2013
= Roll Steam Turbine: Oct 2013

= Gasifier heat-up: June 2014

Key Dates

* Project Awarded: January 2006

* Project moved to MS: December 2008
= Construction: July 2010

= NEPA ROD: August 2010

= Operations: 4th Quarter 2014
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Liberty Mine

06/2014 **PC #1**
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Preparirnfg fotr"Lite 6t First"Gdasifier"Sections

September 2012
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Lift of First Gasifier Sections into Structure
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Control Room

ENERGY.GOV/FE
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Hyd¥6g el ERsFgy California (HECA)
' Advanced IGCC-Polygen w/CCUS

Kern County, CA, EOR: Elk Hills oilfield

Up to 300 MWe (net) with load following;
greenfield IGCC; Urea/UAN production

— MHI oxygen-blown gasifier (1 x 100%)

— MHI G-class air cooled combustion turbine (1)
Fuel: Sub-bituminous coal/petcoke

90% CO, capture — 3,020,000 tonnes CO,/year

— 2.57M tonnes/y EOR; 0.45M tonnes/y Urea production
— 2-stage Water Gas Shift, Linde Rectisol ° AGR
Use of brackish water for power production; ZLD
Total DOE Project: $4 Billion DOE - $S408 Million

Key Dates Status

" Project Awarded: Sep 2009 = NEPA public scoping meeting: Jul 2012
* New Owner, SCS Energy: Sep 2011 = Power/Fertilizer/CO,/EPC discussions in
= Financial Close: Mid-2015 progress

= Start of Construction: Late 2015 = FEED completed: Jun 2013

Start of Operation: 2019 = Draft EIS published: July 19, 2013




) Sermiriit Texd s Clean ' Prrergyy -
Advanced IGCC-Polygen w/CCUS

Penwell, Ector County, TX

200 MW (net), 0.7M tonnes/yr Urea; greenfield IGCC
with Siemens gasification & power Block

— SFG-500 gasifiers (2 x 50%)

— High H, SGCC6-5000F combined cycle (1 x 1)

Fuel: PRB sub bituminous coal

90% CO, capture —~2,700,000 tonnes CO,/year

— 2.2M tonnes/y EOR; 0.5M tonnes/y to Urea production
— 2-stage Water Gas Shift, Linde Rectisol ° AGR

EOR: Permian Basin Qilfields

Total DOE Project: $1.727 Billion

DOE Share: $450 Million (26%)

Total Plant Cost ~$2.6 Billion

Key Dates

= Air Permit; Dec 2010

NEPA Record of Decision: Sep 2011
Financial Close: Mid-2014
Construction: Late 2014

Operation: Dec 2017

Status

Urea contract: Jan 2011
CO, contract(s): Nov 2011
Power off-take contract: Dec 2011

Chexim signed for debt financing
MOU: Sep 2012

Sinopec signed EPC agreement:
Dec 2012




Petra N8Vd' Pish Holdings (Formerly NRG)
Advanced Post Combustion CO, Capture

® Thompsons, TX (near Houston)

® 240 MWe slipstream at NRG Energy’s W.A. Parish
power plant (project scale up from original 60
MWe to improve economic)

® Fuel: PRB sub-bituminous coal

® 90% CO, capture (KM CDR Process®)
1,400,000 tonnes CO,/year

® EOR: Hilcorp West Ranch Oilfield

e Total DOE Project: $775 Million (est.)
DOE Share: $167 Million (21.5%)

Key Dates
* Project Awarded: May 2010
Air Permit: Dec 2012

Status

= EOR Host Site acquired: Oct 2011
NEPA Record of Decision: Aor 2013 = 240 MWe FEED completed: Feb 21, 2012
ision:

P = MHI initiated detailed design: Dec 2012

Financial ?Iose: Mar 2014 » NRG-Petra Nova signed engagement letter
Construction: Apr 2014 with a debt financing provider: Dec 2012

Operation: Nov 2016 = Notice of Final EIS: Mar 8, 2013
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Oxy-Combustion w/ CO, Sequestration

Morgan County, IL (western IL)

168 MWe repowering of an existing steam
turbine generator at Ameren’s Meredosia
Energy Center

Fuel: Illinois bituminous/PRB blend
90+% CO, capture (cryogenic separation)
1,000,000 tonnes CO,/year

Geologic Storage, Mt. Simon Sandstone saline
formation - ~ 30 miles east of power plant

Total DOE Project: $1.78 Billion
DOE Share: $1.05 Billion (59%)

Key Dates

* Project Awarded: October 2010
NEPA Complete: Jan 13, 2014
Financial Close: Summer 2014

Construction: Summer 2014
Operation: Winter 2017

Status

Storage site selected: Oct 2011

Preliminary PPA approved by ICC: 12/19/12

Power plant project novated to FGA: 1/30/13

Phase Il (NEPA, Permitting, Design) authorized: 2/1/13
PPA signed: Aug 2013

FEED completed: December 2013
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CO, Capture from Biofuel Plant

* Decatur, IL

* CO, is a by-product (>99% purity) from production
of fuel grade ethanol via anaerobic fermentation

* Up to 90% CO, capture; dehydration (via tri-
ethylene glycol) and compression —
~900,000 tonnes CO, /year

* Sequestration in Mt. Simon Sandstone saline
reservoir

* Total Project: $208 Million
DOE Share: $141 Million (68%)

Key Dates

= Phase 2 Awarded: Jun 15, 2010 Status

= FEED Complete: Apr 2011 = Construction ~55% complete

= NEPA FONSI: Apr 2011 = UIC Class VI permit submitted: Jul 2011
= Construction start: May 2011 = Two monitoring wells drilled: Nov 2012

UIC Class VI Injection Well Permit: Aug 2014

] = Commissioning compression and
Sequestration start: Feb 2015

dehydration: began in July 2013




ADMIProjeetPhotos(Ieiteé 2013)

Four Compressor Train

Compressor & Auxiliaries

Dehydration System

8” High Pressure transmission Line
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ADM e-Projietionitorifig Phetos{itine 2013)

Shallow Groundwater
Sampling

Soil Gas and CO, Flux
Networks
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Petcoke Gasification to Methanol

Lake Charles, LA
GE Energy Gasification
(4 gasifiers: 3 hot/1 spare)

700 million gallons/year methanol; 110
mmscfd hydrogen

Fuel; Petcoke

89% CO, capture (Rectisol” process);
4,500,000 tonnes CO,/year

CO, to Denbury pipeline for EOR in Texas at

West Hastings oil field
Total Project: $436 Million

Key Dates

Phase 2 awarded: Jun 17, 2010
Complete CCUS FEED: Jul 2011
NEPA ROD: Nov 2013

Financial close: March 2014 (est.)
Construction: April 2014 (est.)
Operation: Late 2017 (est.)

Status

* Product off-take contracts finalized (BP, APCI)
= NEPA ROD published: Dec 28, 2013

= FEED in progress for gasification plant
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Panoramic View of Current Site Cleared Looking South

Current Site Cleared

Site preparation Site to be raised to 10 Ft above Sea Level
and drainage - Completed (Post Rita Flood Level)
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* Steam Methane Reforming with CO, Capture

* Port Arthur, TX (Hydrogen plant at Valero Refinery)

* 90%+ CO, capture (Vacuum Swing Adsorption) from 2
steam-methane reformers (SMRs) yielding ~925,000
tonnes CO,/year

* ~30 MWe cogeneration unit to supply makeup steam
to SMRs and operate VSA and compression equipment

* CO, to Denbury for EOR - West Hastings oilfield

* Total Project: $431 Million
DOE Share: $284 Million (66%)

Key Dates
= Phase 2 Awarded: Jun 15, 2010
= FEED complete: Nov 2010 Status
= Permit By Rule (PBR) and Standard " PA-1 initiated operation: Mar 3, 2013
Air Permits issued: May 2011 = PA-2 initiated operation: Dec 16, 2012
= NEPA FONSI: Jul 2011 — Operating continuously since Dec 31, 2012
= Construction start: Aug 2011 — Total CO, delivered: 680K tons (Dec 2013)
= Operation start: Dec 2012 — Full capacity achieved: April 2013

= Final MVA report submitted: Feb 2013
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Existing SMR

Co-Gen Unit

co,

VSA Vessels

Compressor & CO, Surge




RCSP PHGSE T Tt ge-Stafe"G&ologic Tests

v’ Five projects currently
injecting CO,

v"One Additional
Scheduled for 2013

v Remaining injections
scheduled 2014-2015

© Injection Ongoing
(0 2013 Injection
O Injection Scheduled 2014-2015

Note: Some locations presented on map may differ from final injection location
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RCSP PHASETI Td¥gE-SCal8"Geolagic Tests

RCSP

Geologic Province

Project Description

Injection Started &
Volume to date (metric tons)

©

Swp

WESTCARB

Anadarko Basin-
Morrow Sandstone

EOR storage of CO, from fertilizer
and ethanol plants

Regional Characterization

Injection to begin 2014;
Volume TBD

@ BIG SKY Kevin Dome- Saline storage of naturally Injection to begin 2015;
Duperow Formation occurring CO, Volume TBD
MGSC lllinois Basin- Saline storage of CO, from ADM biofuel Injection began Nov. 2011;
@ Mt. Simon Sandstone production Volume >600K tonnes
@ MRCSP Michigan Basin- EOR using CO, from Injection began Feb. 2013;
Niagaran Reef gas processing plant Volume > 260K tonnes
@ Powder River Basin- Muddy EOR using CO, from Injection began June 2013;
PCOR Sandstone ConocoPhillips Gas Plant Volume TBD
@ Horn River Basin- Saline storage of CO, from Spectra Energy Injection to begin 2015;
Carbonates gas processing plant Volume TBD
( \/\ Gulf Coast — Saline leg of EOR; Injection began 2009;
Tuscaloosa Formation storage natural CO, Volume >3,000,000
SECARB
@ Gulf Coast — Saline storage of amine capture CO, from Injection began Aug. 2012;
Paluxy Formation coal-fired generation Volume >100,000

No large-scale injection

© Injection Ongoing
(0 2013 Injection
O Injection Scheduled 2014-2015
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//DOE/DFSFR/org_fe/fe-20/FE-22/Program Managers/Joe Giove/CoalGen 2013_Notes_7_26_13-Graph file.pptx

Advaideu Fassi Bneigy gisjeii-Soneitacion

LPO Provides Project Finance Debt Capital

- S8 Billion in Loan Guarantee Authority for Fossil Energy

¥ - Long-Term Financing Available
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The Advanced Fussii Sonicitatiodn Coviess Beuz fadiriology Areas

J

Advanced Resource Development

e Coal-bed methane recovery
e Novel oil and gas drilling

Low Carbon Power Systems

e Chemical looping or process that isolate fuel from air during combustion
e Fuel cells which convert chemical energy into electricity without combustion

Carbon Capture

e CO, capture from traditional coal or natural gas electricity generation
e Permanent geologic storage or utilization in enhanced oil recovery (EOR)

Efficiency Improvements

e Combined heat and power (CHP) and waste recovery
e High-efficiency distributed fossil power systems, and microgrids

*Qualifying projects may include but are not limited to the technologies within.




The Advanced Fossil Soiicitation Has Broau Applicability

* Projects May Utilize any Fossil Fuel

= Including, but not limited to, coal, oil, natural gas, shale gas, coal bed
methane, and methane hydrates

e Covers the Full Fossil Fuel Value Chain

= Projects can include, but are not limited to, extraction, generation,
greenhouse gas removal, and efficiency improvements

e Solicitation is Open to a Wide Variety of Applicants

= Power plants, mines, refineries, utilities, project developers, and factories

= Public and Private Sector infrastructure, such as universities, airports, and
hospitals

= Others
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" PO AdditiondtHifortation™

Office of Fossil Energy NETL
www.fe.doe.gov www.netl.doe.gov

LGO solicitation homepage: http://Ipo.enerqgy.qov/resource-

library/solicitations/advanced-fossil-enerqy-projects-solicitation/

LGO Questions: LPO.FossilSolicitation. Questions .doe.gov
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