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CURC 2014 Members

ADA-Environmental Solutions

Aerojet Rocketdyne, Inc.

Air Products and Chemicals

Alpha Natural Resources

Alstom Power, Inc.

American Coal Council

American Coalition for Clean Coal
Electricity (ACCCE)

American Electric Power

Anglo American Thermal Coal

Arch Coal, Inc.*

The Babcock & Wilcox Company

Caterpillar Global Mining

Center for Coal Technology Research at

Purdue University

Cloud Peak Energy

CONSOL Energy, Inc.

Duke Energy

Edison Electric Institute (EEI)

Electric Power Research Institute
(EPRI)

Energy Industries of Ohio

FutureGen Industrial Alliance

The Greater Pittsburgh Chamber of
Commerce

lllinois Coal Association

lllinois Department of Commerce
and Economic Opportunity

Kentucky Coal Association

Kentucky Energy and Environment
Cabinet

LG&E Energy

Lehigh University

The Linde Group

Mitsubishi Heavy Industries America

National Rural Electric Cooperative
Association (NRECA)

Ohio State University

Peabody Energy

Pennsylvania Coal Alliance

Penn State University

Schlumberger Carbon Services

Southern Company

Southern lllinois University

State of Ohio, Air Quality
Development Authority
Tri-State Generation & Transmission

Association
United Mine Workers of America
University of Kentucky

University of North Dakota’s Energy
& Environmental Research Center
University of Utah

University of Wyoming

West Virginia Coal Association
West Virginia University
Western Research Institute
Wyoming Mining Association

Companies in red indicate 2014 Steering
Committee Members




What is CURC?

More information: www.coal.org
Coal Utilization Research Council

Based in Washington D.C. & organized in
1997

50 members — coal producers, utilities,
equipment suppliers, states & universities

Focused upon coal related technology
development and use as well as CCUS




It’s more complicated than just
“Plugging into an electrical outlet”
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EIA projects no new coal builds between now and 2040  and so our coal fleet, with no additional retirements will grow old and the average  age of the fleet in 2040 is 62! EIA projects (AEWO 2013 Reference case – coal capacity factors o2025 about 74% and 2040 about 78%

We are going (primarily) to use natural gas.


130 GW of new NGCC and 84 GW of new CTs; 2.1 Tcf of incremental NG use in electricity, from 2012 level

A primary reason for this increased natural gas capacity is the price and availability of the fuel.  It’s worth keeping in mind that in 2004 NG used for power production nearly doubled in price in two years to reach $5.50/mcf then doubled again in 2008 to reach $12.41 and then by 2012 dropped to $2,81 and is now back to $5.50
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Technology Developed to Address  Ee«l;
other Environmental Concerns

N
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With the application of new technologies developed in partnership between
DOE and the private sector, the U.S. is significantly reducing criteria

emissions
(particulate matter, sulfur dioxide, carbon monoxide, lead, ozone, and nitrogen oxides)
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Eliminate coal use in the US = 3% reduction in  GHGs globally

By 2019,  in China and India, coal plants planned or under construction will  emit – annually -- as much or more CO2  than the entire U.S. coal fleet CURRENTLY emits  annually – this is only the CO2 emissions from plants TO BE BUILT in those two countries over the next half dozen years. By 2040 CO2 emissions from developing countries will equally nearly 70% of the world’s total.
 
Coal was 2013’s fastest-growing fossil fuel globally where India will become the second-largest coal consumer, surpassing the United States, and the second-largest coal importer, close to China.

IEA Executive Director Maria van der Hoeven of the IEA says:  “coal use in its current form is simply unsustainable … We need to radically accelerate deployment of carbon capture and sequestration.”

We will not be successful in addressing greenhouse gas reductions/climate change without CCS



http://www.epa.gov/
http://www.epa.gov/

Current Technology Levelized Cost of Electricity for a New
Electric Generating Unit Commencing Operation in 2018

(Based on EIA/AEO 2013er)
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At $110/MWh and 40% capture vs $147/MWh and 90% capture (PC system)
At $109.5/MWh and 25% capture vs $136/MWh and 90% capture (IGCC)

Simple answer:  We are not ready.  At 90% capture (shown for SCPC or IGCC in the chart) we are not cost competitive with other available sources.   EPA bases costs on NEXT of a KIND but the proposed regulations apply immediately

CURC estimates that partial capture on a SCPC unit will result in costs (measured as levelized cost of electricity) of $110/MWh – competitive with nuclear and wind.  The competition is natural gas .  Coal with partial capture – assuming the costs are right – means coal is 86% more costly than natural gas – this doesn’t include the costs to transport and sequester the CO2.

Note that the base price of a SCPC unit is $80/MWh, and that goes up to about $92/MWh when you add the “CUA” a cost (3% higher cost of capital) that EPA imagines for the uncertainty of future climate regulations.  SCPC w/Partial CCS is about $110/MWh.  EPA’s $18/MWh premium for CCS is against the imaginary cost of SCPC with the “CUA” (about 20%).  However, the real comparison should be against NGCC w/o CCS.  THAT differential is  86% higher cost for the CCS-equipped coal unit.



CCS Projects in US and Europe
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SaskPower Boundary Dam
Post Combustion CO, Capture & EOR
139 MW gross (110 MW net) Retrofit
~$1.24B Total; ~$240 M Canada Gov't
FINAL Cost/kW= $1.35B/110MW = $12,300/kW
EOR — 1.0M TPY Oct 2014 strart-up

CCPI
ICCS Area 1
FutureGen 2.0

Major U.S./Canada Demonstrations

Archer Daniels Midland

CO, Capture from Ethanol Plant
CO, Stored in Saline Reservoir
$208M Total; $141M DOE
SALINE — ~1 M TPY 2011 start

International Project

N
FutureGen 2.0
Large-Scale Testing of Oxy-Combustion w/ CO, Capture
& Sequestration in Saline Formation *
~$1.3B Total; ~$1.0B DOE
SALINE - 1.3M TPY 2016 start ‘
< Y

Summit TX Clean Energy |\
Commercial Demo of Advanced
IGCC w/ Full Carbon Capture
~$1.7B Total; $450M DOE
EOR - 3M TPY 2014 start
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Hydrogen Energy

California
Commercial Demo of Advanced
IGCC w/ Full Carbon Capture
~$4B Total; $408M DOE
EOR - 3M TPY 2018 start

NRG

W.A. Parish Generating Station
Post Combustion CO, Capture
250 MW slip stream from 610 MW unit
$339M Total; $167M DOE

Air Products and Chemicals, Inc.
CO, Capture from Steam Methane Reformers
EOR in Eastern TX OQilfields
$368M - private, $284M — DOE (??)
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Southern Company
Kemper County IGCC Project
IGCC-Transport Gasifier
w/Carbon Capture
~$2.67B Total; $270M DOE
Est.”d @$5,596B (July 2014) $6.17B
(Feb. 2015)

524 MW on syngas (582 MW peak)
Adjusted for 90% capture =
$11,900/kW
EOR -3 M TPY 2014 start (new
start date is 2016)

Leucadia Energy
CO, Capture from Methanol Plant
EOR in Eastern TX Oilfields
$436M - Total, $261M — DOE
Project cancelled in October 2014

Total Est.d cost $1.0B
EOR for TX oilfield owned by NRG
EOR - 1.4M TPY end of 2016 est.d start

Source: U.S. DOE NETL 2013; reference to Canadian project from SaskPower presentation to CURC, October, 2013

In operation



Presenter
Presentation Notes
Current 20110502


Adequate Time & Funding Produces
New and Better Technologies

Reduced emissions of traditional air pollutants, Independent of a climate driver, less CO, is
reduced water use and consumption, and emitted as a result of increased power
reduced CO, emissions generation efficiency, and less coal is used for
the same unit of power output

Environmental Improvements Relative To A New Unit In 2010

2010 ®=2018 =2025 m2035 Efficiency with and without CCS

weEfficiency no CCS

Reductions in emissions beyond reductions in 2010

e Efficiency w/CCS
co2 502 NOx PM Mercury Water

Withdrawal
Reduction

I The range of values presented in this chart reflect emissions from both PC and IGCC systems }

2010 “State of the Art” Baseline Data

Reductions reflect a range of values for both PC and IGCC technology changes
after 2010, but the reductions in 2010 are very significant:

CO,: 0% (no carbon controls in use)

NOx and SO,: 90 - 99% reduction

PM: 99.6% reduction

Mercury: 90% reduction

Water Withdrawal Reduction (as a result of cooling towers): 98%
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The left hand chart– we believe we can greatly increase coal conversion efficiency – coal to electricity – from today’s best of 40-41% to more than 48%.  This is important in the climate context because each percent increase in efficiency translates into a 2.5% DECREASE in CO2 emissions

The right hand chart – we can also pursue R&D that will result in very significant improvements in the prevention or control of conventional emissions (NOx and SO2 and particulate matter).  We can clean up emissions to even greater levels than the technologies we have today.  So, this is not just about CO2.


Improvements in emissions reductions relative to 2010
SO2 reductions – achieved by controlling HAPS  for acid gas control, efficiency improvements, and co benefits of CO2 controls
NOx reductions – achieved through improvements in efficiency, warm gas clean up, and co benefits of CO2 capture
CO2 reductions –  between 2010 and 2018, slight improvement in efficiency/parasitic power loss of capture system; 90% reductions begin in 2018
Mercury reductions – the roadmap targets achieve EPA new plant standard through R&D in roadmap
Water reductions – 
Withdrawals from hybrid/dry cooling
Discharge from transportable ZLD systems


Successful Technology Development Results in CURC

COAL UTILIZATIg

Coal-fueled Electricity Cost-Competitive with RSN EETAE
Low Carbon Alternatives

Reduction in LCOE Based on Successful RD&D

Slightly larger cost reductions
are possibly by 2035 if RD&D
is successful on emerging
“transformational” power
concepts
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We generally start in 2010 with capture systems at 90% CO2 capture and we project cost reductions in levelized costs of electricity of 35% to 40% and maybe more with successful RD&D of transformational technologies and 10% to 15% absolute cost reductions if captured CO2 is applied to EOR.

To achieve these targets will required sustained political/public commitment and public dollars

$400 to $500 million each year from now through 2025 and $190 million to 2035 and more than $7.0 billion for demonstrations between 2019 to 2025 and an additional $4.0 billion between 2026 to 2035 (these are totals from industry and government)


The Success of CCS depends upon --

" Adequate Time —

* Next 10 years are crucial
* Financial support

* Majority of funding must be public monies

" Regulatory support

e Accommodate time needed for RD&D

= Support from legislators, regulators, the public




[
3-Part Technology Program Coal

from 2015 to 2050 & Beyond
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Efficiency, reliability, and Near Term Program
flexibility of the existing Existing Coal Fleet
coal fleet

Support coal-fueled facilities (CTL,

SNG, chemicals, electricity) and N Mid-Term Program

spur the development of CO2 4 New & retrofitted coal with CCS
capture through enhanced oll | CO?2 use for EOR +

recovery

Support Investments in RD&D Today:

« Improve today’s coal-use technologies =~ Long-Term Program
(target costs & performance) Transformational

» Develop “transformational” technologies technologies
and create new ways to use coal for the future
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Integrated technology program that addresses three different segments of the coal market between now and 2050.

The pathway forward is technology

We are proposing a comprehensive technology-based program.  Near term technology development and use for the existing fleet; mid-term programs to build coal plants; and longer term R&D not just to improve what we know how to do, but transformational technologies that move to new power cycles and ways to use coal cleanly .cost effectively. 

A part of our discussion is that technology not only addresses future environmental concerns – just as it has successfully dealt with those concerns in the past-- but also, and importantly, as a means to low cost electricity, improving people’s lives, and making possible modernization through electro technology adoption.

EPA’s regulations, frankly, are an impediment to achieving these important goals.  

So  what we advocate is a program that addresses the near-term, mid-term and long-term. S. 2152 “Advanced Clean Coal Technology Investment in Our Nation (ACCTION) Act” introduced by Senator Heidi Heitkamp on March 25, 2014
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