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Much has changed in the last four years

Dec 2011 Dec 2014

CCS large-scale 4
. 0 .
demonstrations (1 Operational)
Nuclear construction 1 5
Solar (TWh) 1.3 >8
Geothermal (TWh) 15 17+
Hydro (TWh) 260 230
Wind (TWh) 95 175+
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Much has changed in the last four years

THE PRESIDENT’S CUMATE ACTION PLAN

Executive Office of the President
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“We will respond |
to the threat of -
climate change,

.
knowing that
the failure todo y .

so would betray
our children
and future
generations.”

—President Barack Obama

January 21, 2013

EPA draft rules
111 (b) and 111 (d)




President’s Climate Action Plan:

Mitigation (Emissions Reduction)
e ALL OF THE ABOVE

e Efficiency, Renewables, Nuclear, Gas
e Coal with CCS/CCUS

Adaptation and Resilience

i Smart, reliable grld ' N CLIMATE CHANGE

ACTION PLAN

e Key infrastructure investments

International Partnerships
e China and Asia
e Coordinated Intl. Efforts




Underground Injection Control (UIC) Well Classes
SEPA Safe IlrinkingJl Water Act
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This is a time of fossil energy abundance

Top five coal producing nations
billion short tons
9
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Projections

Lower 48 onshore conventional

Lower 48 offshore
~|Coalbed methane

2000 2010 2020

U.S. Oil Production History and Forecasts
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Million Barrels per Day (Mb/d)
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Source Smath By, Sememors & Company International

Once in a generation opportunity to build




Future of Fossil Energy Demand and Generation

eEven with robust natural gas
growth, coal is still a major
source of global energy
demand and domestic Jo Mo W2
electricity generation

Figure 3. Electricity generation from natural gas and coal, 2005-2040

2,000

dominant share (68%) of
United States electricity '™
generation in 2040

. . ‘—‘_-\/\ Coal /
*Fossil Energy remains i

500

i With this Continued use and 02005[ 201(: 2(}15I 21]20I 2025I 203[; 2035I 204[3:
grOWth is a need to address Source: EIA 2014 Annual Energy Outlook e@
CO2 emissions
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CCS technology remains critically important:
abundant, low-cost fossil energy is why

“All of the above” required
S 50
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nergy Technology P
w Perspectives 2014~ ]
S 30 - Nuclear 8% B 7
a Power generation efficiency 3% )%
E 20 Renewables o 21%
— End-use fuel switching 12%
10 CCS 14%
End-use fuel & elec. efficiency 42% , __
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Clean coal, with CCUS, will be the cheapest
option in many markets

Percentage increase in total discounted mitigation costs (2015-2100)
relative to default technology assumptions — median estimate

2100 concentrations o/ CCS nuclear limited limited
(ppm CO,eq) phase out solar/wind bioenergy

450 138%“ mw G%U 54%”

Symbol legend - fraction of models successful in producing scenarios (numbers indicate number of successful models)

2 modale s Between 80 and ' __| BetweenS50and i
successful 100% of models 80% of models - Less than 50% of
successful successful models successful

Source: IPCC Fith Assessment Synthesis Report, November2014.
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Cost, policy, and parity

Figure 1.2 |
Low Estimates High Estimates
Levelized Cost m BNEFE{HG incentives) n BNEFa (no incentives)
of Electricity = AE02014 (with incentives) m AE0Z2014 (no incentives)
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... With Incentives  LBNL, LBNL, T
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Technology leads and informs policy;
policy leads and informs finance

DOE/FE’s Top Clean Coal and CCS priorities:

e Must build and deploy large projects
* Must develop 2" and 3" generation technology

 Must partner with many
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Funding CCS Projects in the United States

Federal Funding and Incentives for CCS

 American Reinvestment and Recovery Act (ARRA)
e U.S. DOE Office of Fossil Energy
* Loan Guarantees
e Tax Credits:
$20 per ton for Saline Storage
$10 per ton for EOR

State Incentives for CCS

* Financial Support — Loans and Grants

* Tax Incentives

o Off-take Agreements

e Utility Cost Recovery Mechanisms

e CCS Eligibility in Portfolio Standards

e Assumption of Liability for Stored Carbon
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Additional CCS Tax Credit Authority

FY 2016 Budget Request:

e S$2 Billion in new refundable investment tax credits
e Plants must capture > 75% of emissions
e Tax credit for up to 30% of capital investment

 New Sequestration tax credit (STC)
* S50 / metric ton stored in saline formations
* $10 / metric ton stored in EOR
e Guaranteed for 20 years

e Builds on the $6 billion+ already committed to CCUS technologies
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DOE CCUS Demonstration Projects

Focus — Large-scale commercial demonstration of CCUS integrated with
coal power generation and industrial sources.

Archer Daniels Midland
CO, Capture from Ethanol w/ saline storage
$141 Million - DOE
$208 Million - Total

Hydrogen Energy California
IGCC with EOR

$408 Million - DOE

$4.0 Billion - Total

—

Summit Texas Clean Energy
IGCC with EOR
$450 Million - DOE
$1.7 Billion - Total

Southern Company Services
IGCC-Transport Gasifier w/CO, pipeline
$270 Million - DOE

$2.02 Billion - Total

Petra Nova Parish Holdings

Post Combustion with CO Leucadia
Capture with EOR ’ el CO, Capture from Methanol ! FutureGen
$167 Million — DOE Air Products with EOR cCP|
$775 Million - Total CO, Capture from Steam $261 Million - DOE L]
Methane Reformers with EOR $436 Million - Total

$284 Million - DOE ICCS (Area I)

$431 Million - Total
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Port’Arthur, TX: : 1.1 M tons/y CO2 -
: A|r Products 2013

U.8. DEPARTMENT OF _ | FosSil Operational! 1.7M tons stored so far

/' ENERGY Eenergy




- E—

R Ly Southern Co., 2013

I, g

S TPy 0 N

<JAnticipated start mid-2015)

M

g -. .‘s‘-

L
T PR =

S T W R " AR, kb i e .

£ Toat Ry P . .,..__ :'_'__. a



»-A-le’zm?

— 300 (0]0]0) tons/y today;
0v‘5r 900 000 tons to date
M tons/yshmrtly
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Boundary Dam : 1"‘;\1\M tons/y CO2
Saskpower, Saskatchewan
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W.A. Parrish, TX: 1.4M tons/y CO2
NRG/PetraNova project
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Office of Clean Coal: Program Summary

CO, Capture and Compression ~ $80 Million
Cost effective capture for new and existing plants

Major Goals: 2016: complete 2" gen field tests (~1.0 MW scale)
2020: complete 2" gen pilot tests (10 to 25 MW)
2025: complete transformational tech. field tests (~ 1.0 MW)

CO, Storage ~S80 Million

Safe, permanent storage of COZ}‘rom power and industry

Major Goals: 2020: technologies and tools available to measure and account for 99%
of injected CO,
2020: CCS best practices and protocols completed based upon RCSP
Phase Il activities

Advanced Energy Systems ~$50 Million
Gasification, Adv Turbines, Adv Combustion, CBTL, and fuel cells

Major Goals: 2016: Complete Warm Gas Cleanup demo.
2025: 20-30% Reduction in Combined Cycle Capital Cost (2" gen)
2025: Advanced combustion ready for pilot scale operation

Cross-Cutting Research ~ $35 Million
Crosscutting technology development program

Major Goals: 2016: advance 2" gen materials, sensors, modeling technologies to
applied programs
2020: develop distributed communication sensor networks
(transformational tech.)

22




Reimaging our RD&D portfolio

Advanced combustion
 Materials and manufacturing
e Advanced cycles (e.g., PGC, sCO2)

Capture and Storage

e Advanced simulation (NRAP and CCSlI)
e Functionalized discovery

 Mastery of the subsurface

Accelerated 2" Gen pilots
e Computational design
* International sharing

S, U.S. DEPARTMENT OF FOSS”

‘2

WENERGY cnergy .




{";
s

Advanced €02 capture technologies
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New concepts

Advanced membranes Solid sorbents
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National Carbon Capture Center (NCCC)

0.5 Mwe
Goal (10 tpd CO,)
Test technologies under realistic conditions to

reduce the cost of CO, capture

/\\

Advantages

* National resource to validate performance
and operations

e Consistent testing procedures and data
* Very good safety and environmental record
e Platform for international partnership and

H =TGN S -
sharing OS] I
¢ T ‘ i Gasifier ? ..
Status ' ‘ i ‘/Structure‘i

Syngas

* New 5 year commitment to operator ) R 5 s
(Southern Company) e S

* >20 technologies tested
e 100’s of technologies screened

U.S. DEPARTMENT OF FOSS“
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Clean Coal deployment:

most urgent and important

Not just about cost
e Costs are higher than ‘non-captured’ coal plants
e Costs are lower than many clean energy alternatives

Not just about technology
e Many technologies are well demonstrated
 |Improvement potential is very large

Could finance many ways
* Rate recovery; feed-in tariffs; direct grants
 (Clean energy portfolios; tax-free debt financing; others

Financing is the priority action

U.S. DEPARTMENT OF FOSSiI
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International partnerships required

Partnerships in Commerce
— Joint ventures
— International investment
— “Showcase” projects

Accelerated deployment
— Data sharing
— International Science Projects

Many platforms

— Bilateral
e China, Asia, Middle East, OECD

— Clean Energy Ministerial
— APEC, G7, COP20, COP21
— WEC

r’_ U.s. DEPARTMENTOF  Fossil
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11t cSLF Ministerial
Nov. 2013
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o Carbon Sequestration
carven’) Leadership Forum (CSLF)

The CSLF aims to:

. Share information on CCS
projects, policy initiatives and
legal and regulatory
developments in member
countries

- Build the capacity for CCS in
the developing country CSLF

members

- Explore methods for financing
CCS projects, including in
developing countries P Mission .

+ Develop global roadmaps for >1= Aninternational initiative focused on
research, development and improved cost-effective technologies — wmmm
demonstration of CCS = for the separation and capture of l_.

i s=m=  carbon dioxide for its utilization and
teChnOIOgleS % long-term safe storage ®
i P
g.
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v Carbon Sequestration
carvon’) Leadership Forum (CSLF)

CSLF Policy Group Exploratory Topics
1.  Communications

2. Global Collaboration on Large-Scale CCS
Projects

3.  Financing CCS Projects

4.  Supporting Development of 2" and 3™
Generation CCS Technologies

2 R U.S. DEPARTMENT OF Fossil
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United Nations Economic
Commission for Europe

e Recommendations for CCS use in a GHG reduction
strategy
— OECD countries will need to show leadership in validating
the technologies
e The largest deployment will need to be in non-OECD

— A significant share of global clean energy funds must be
allocated to CCS

— Enduring economic incentives are needed to stimulate
commercially attractive investment

— National and international policies on CCS activities must
have parity with other non carbon/low carbon
technologies

— CGCS is essential for reaching climate goals
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Post-Kyoto Landscape

US-China Accord
— Includes large CCS project

— Includes enhanced water
recovery projects
New EU accord

— Policy Parity for CCUS and
nuclear (also UNECE)

— Innovation funds
From Lima to Paris

— 70 nations make commitment

— Self-determination-based
progress




Thank you!

Questions?
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