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DOE/FE’s top Clean Coal and CCS priorities

Success of the demos
e Serial #1 in operation 2013-2018
* A deep and rich set of public learning

Reimagining the coal and CCS RD&D portfolio
e Advanced combustion

e Capture and storage: incl. footprint reduction
e 2" generation large pilots

International Partnerships

e Asia, Europe and other key countries

New mode: delivering solutions
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Office of Fossil Technology Systems: Program Summary

CO, Capture and Compression
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
Safe, permanent storage of CO, from power and industry

Major Goals:

2020: Technologies and tools available to measure and account for 99% of injected
Cco,

2020: CCS best practices and protocols completed based upon RCSP Phase lli
activities




Pathway for Technology Commercialization

TRL 2 Successes

Probability of successful outcome relies on large number from FWP,
of potential options! SBIR/STTR, ARPA-

D LABORATORY/BENCH SCALE o 4

Large number of ‘ . . .
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Transfer to Office of
Major Demonstrations

Limited number of . =Technalogy Opticnt
succes sful outcomes
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A technology pipeline for affordable CCS
Zﬂﬂ ZEﬂ 2030 2040 2050
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TECHNOLOGIES ~ Technology R&D Demonstrations (CCPI) ::“":::';;
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TRANSFORMATIONAL
TECHNOLOGIES R T

SCIENCE, ARPA-E, AND FOSSIL ENERGY ADVANCED CONCEPTS

We need more 2"? generation pilots!
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Advanced Fossil Technology Systems

SUBPROGRAMS

Advanced Fossil

Technology Systems

Advanced Energy Systems

Cross-cutting Research

Carbon Storage
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Carbon Capture

Major Demonstrations

TECHNOLOGY AREAS

Advanced Combustion Systems

Advanced Turbines
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Solid Oxide Fuel Cells
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Advanced Fossil Technology Systems

KEY TECHNOLOGIES

Rl Gasifier Optimization and Plant Supporting
System

RESEARCH FOCUS

e Advance Syngas Cooler Technologies

* RAM Improvements
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Gasification Systems Program
Key Technologies

Feed Systems

* Oxygen separation

* Expand fuel flexibility

* |ncrease efficiency and reliability, and improve economics
Gasifier Optimization and Plant Supporting Systems

* |Improve reliability

* Increase efficiency and reliability, and improve economics
Syngas Supporting Systems

* Hydrogen and carbon dioxide separation

* Control multi-contaminants to extremely low levels

* |Increase efficiency and reliability, and improve economics
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Advanced Fossil Technology Systems

KEY TECHNOLOGIES RESEARCH FOCUS
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Advanced Combustion

Systems
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Advanced Fossil Technology Systems

KEY TECHNOLOGIES RESEARCH FOCUS
| . . | |

Supercritical CO2 Power Cycles

}

S, U.S. DEPARTMENT OF Fossil

@ ENERGY cnergy 10



SCO, Power Cycle Overview
Recompression Brayton Cycle

» Applicable to all heat sources (indirect)

* Non condensing closed brayton cycle

» Double recuperated

« SCO2 (467.6 kg/m?3) is ~ 53 % less dense than H,0
& 45 % more dense than supercritical steam

 TRL: 3 —4 (current status)

Recycle Compressor

Main Compressor

Cooling SCO, Turbine

i
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Advanced Fossil Technology Systems

KEY TECHNOLOGIES RESEARCH FOCUS

Anode Electrolyte Cathode (AEC)
Development

A osphe Pre e s
Solid Oxide Fuel Cell
. : | -
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Advanced Fossil Technology Systems

SUBPROGRAMS TECHNOLOGY AREAS

Cross-Cutting Research

Computational System Dynamics

Focus Area for Computational Energy
Science

Op O
N : . .. University Coal Research
> University Training and Research LS e et e T

Coal Utilization Science
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Advanced Fossil Technology Systems

TECHNOLOGIES AREAS

Plant Optimization

Coal Utilization Science

Research

KEY TECHNOLOGIES

Sensors, Controls and Other Novel Concepts

. . . Advanced Ultra-supercritical Materials
University Training and

Water Management
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RESEARCH FOCUS

Extreme Environment Sensors
Model Predictive Control
Self-Organizing Systems Control

Computational Materials Models for
Structural and Functional Performance

High- Temperature Alloy Computational
Modeling

Predictive Computational Framework for
Dynamic Materials Model

Innovative Cooling Systems

Treatment and Use Non-Traditional
Waters

Waste-heat Recover

Membranes

Clathrate Hydrate and other desalination

Process
Filtration Technologies
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Advanced Fossil Technology Systems
Clean Coal and Carbon Management

Cross-cutting Research
TECHNOLOGIES AREAS KEY TECHNOLOGIES RESEARCH FOCUS

High-Fidelity Scale and CFD Models
Risk Assessment Framework that
Incorporates Field-Scale Monitoring
and Mitigation Strategies

Plant Optimization Computational System Dynamics

Coal Utilization Science

Validated, High-Fidelity Models of Solid
Sorbent Carbon Capture Equipment at
Various Scales

Pilot-Scale Simulation of Mechanical
Properties of Layered Transition Metal
Ternary Compounds for Fossil Energy
Power Systems Application

University Training and
Research

Focus Area for Computational Energy Science

£ Uooll
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Leveraging DOE’s competency in science-based prediction for engineered—natural
systems to build confidence in the business case for CO, storage.

Building toolsets and the calibration & validation data to quantify ...
« Potential impacts related to release of CO, or brine from the storage reservoir

 Potential geomechanical impacts due to injection of CO,

Technical Team Stakeholder Group
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Identify Reduce the time Quantify the technical Stabilize the cost

promising for design & ‘ risk, to enable reaching ‘during commercial
concepts troubleshooting larger scales, earlier deployment
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FE Water Management Program

Program Goals:

Reduce freshwater withdrawals by >30% by 2030 for Fossil Energy based power
generation

Maintain water consumption within Fossil Energy based power generation to 2010 levels
Develop and deploy low cost water treatment technologies to enable zero discharge
systems

Program Elements:

Increase process efficiency and intensification of Fossil Energy based thermoelectric
power generation,

Accelerate development and deployment of Fossil Energy based power generation with
low water footprint,

Improve heat transfer and utilization,

Develop treatment and use of water within Fossil Energy power generation and related
infrastructures, and

Support information generation, integration, and planning.
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U.S. Drought Monitor

CONUS

U.S. Drought Monitor

CONUS

U.S. DEPARTMENT OF

January 6, 2015
(Released Thursday, Jan. 8, 2015)
Valid 7 am. EST

Drought Conditions (Percent A

None |D0-D4 |D1-D4 I
Cument 5585 | 4415 | 2810 | 1676 | 884 | 248
ast Wook
eaasnid 5320 | 4680 | 2368 [ 1603 | 808 | 254

IMonths Ago | 5303 | 4607 |30.51 1666 [ 046 | 307
torzts

Start of
Calendar Year | 5320 | 46,60 | 20608 | 1693 | 006 | 258
1280209

Start of
orvear |5222 | 4778 | 3057 | 1866 | 041 | 385
scazore

OneYear Auo | 4564 | 53,36 |33.22 (1712 | 413 | 037
wazars

Intensity.
D0 Asnamally Dy B o5 eme Drought
01 moderate Drougnt I 04 Excaptional Drousnt
D2 Severs Drought

The Diought Monitor focuses on hroad-scafe ¢ ondtions,

Loc af concitions may vary. See accompanying texd sumimany

for forec a5t staternents

Author(s):

Erad Rippey

US Depariment of Agriculiure

USDA

— it @ @

http:#/droughtmonitor.uni.edu/

July 1, 2014
(Released Thursday, Jul. 3, 2014)
Valid 8 a.m. EDT
Drought Conaitions (Percent Area)
None | D0-D4 [D1-D4

Current 5557 | 44.43 | 3401 | 2500 | 11.98 | 298
Last Week
el 5467 | 4533 (3503 [ 2482 (1123 | 201

3 Months Ago
et 4712|5288 (3837 [ 2812 | 980 | 218

Start of
Calendar Yoar | 4824 | 51.76 | 3095 | 1667 | 306 | 037

01
Wter Year | 3957 | 60.43 [41.21 [ 2070 | 306 | 029

One Year A0 | 4511 | s0.80 [ 4406 | 3295 | 1357 | 468
722003

Fossil

ENERGY cnergy

Intensity:
DO Abnammally Dry I o:ctemeDougnt
1 Moderate Drousht I 04 E xcoptional Drougnt
D2 Severs Drought

The Drought Monfior focuses on broad-scale condiions.
Local text summary

rray
for forec st ataterments,
Author(s):

Anthony Artusa
NOAA/NWS/NCERP/CPC

USDA
=

&

http ://droughtmonitor.unl.edu/
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U.S. Drought Monitor

CONUS

U.S. Drought Monitor

CONUS

October 7, 2014
(Released Thursday, Oct. 9, 2014)
Valid 8 am. EDT
Drought Conditions (Percent Area)
none | D0-04 |D1-D4 | D204

Cumrent 52.03 | 46.97 [ 30.51 | 10.66 | 946 | 387

Last Week

pockize: 5222 | 47.78 [ 30.57 | 1886 | a4 | 385

3 Months Ago
s 5453 | 45.47 [ 3425 | 2495 | 1202 | 234

Start of
Calenda Year | 48.24 | 51.76 | 30.05 | 1667 | 288 | 037
12002013

Start of
Water Year | 52.22 | 47.78 [ 20,57 | 1886 | am | 385
8662014

One Year AGo | 45 53 | 5777 [ 38.50 (1960 | 201 | 029

Intensity:
DO sbromsily Dy B o3 esteme brougnt
D1 Modesate Drougnt I D4 € sooptionsl Drought
D2 Severs Drougnt

The D ftor focuses on broad-sc 8
L0¢ 31 CONINONS 1Ay Vary, See SCCOMpanying 1ext Summany
for forecast statements

Author(s):
Mark Svoboda
National Drought Mifigation Center

http/idroughtmonitor.unl.eduf

March 4, 2014

(Released Thursday, Mar. 6, 2014)

Valid 7 a.m. EST

Drought Conditions (Percent Area)

D2 Sever Drought

for forecast statements.

Author(s):
Brad Rippey
U.S. Department of Agriculture

USDA q
ﬁ *wmﬂ;@

http://droughtmonitor.unl.edu/

The Drought Monitor focuses on broad-scale condtions.
Locai conditions may vary See accompanying text summary

None | D0-D4 | D1-D4.

Curmrent 4653 | 53.47 | 3585

Last Week

O ek | 4589 | s4m1 | 3508 [ 2154 | 765 | 178
3MomNSAQO | 44 56 | 5545 | 3059 [ 1650 | am2 | 0.3

1282013

Startof
Calendar Year | 4824 | 5175 | 3005 [ 1667 | 385 | 037

1231201

Start of

Waiter Year | 3057 | 60.43 | 2121 [2070 | 305 | 029

2012

One Yoarn90 | 3433 | es.67 | 5334 | .44 [ 17.04 | 545
Intensity

DO Abnomally Dry - D3 Extreme Drought

D1Moderate Drought NI 04 Exceptional Drought

19



U.S. Drought Monitor

CONUS

U.S. Drought Monitor

CONUS

U.S. DEPARTMENT OF FOSS”

ENERGY Energy

January 7, 2014

(Released Thursday, Jan. 9, 2014)
Valid 7 a.m. EST

Drought Conditions (Percent Area)

None | D0-D4 |D1-D4 | D2-D4| D4
cument 46.64 | 52.36 | 3322 | 1712 | 412 | 037
Last Week
a5 ek | 4824|5176 | 3095 | 1667 | 396 | 037
3MonthsAgo | 4553 | 5777 | 3859 | 1960 [ 291 | 029
Calendar Year | 48.24 | 51.76 | 20.95 | 16.67 | 2.96 | 037
12812012
Start of
Viater Year | 3057 | 60.42 [41.21 [ 2070 [ 306 | 029
1012013
One YearAgo | og 55 | 71.74 | 60.26 | 41.71 | 2080 | 670
w2013
intensity:

DO Anomally Dry

D1 Moderate Drought

D2 Severe Drought

B o:exiremeDought

I o £ xcepiional Drougnt

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast staterments

Author(s):

Mark Svoboda
National Drought Mitigation Center

USDA

L R

June 4, 2013

(Released Thursday. Jun. 6, 2013)
Valid 7 a.m. EST

Drought Conditions (Percent Area)

None | D0-D4 | D1-D4 | D2-D4 [fo=Re24
curent 45.02 | 54.98 | 4411 | 28.48 | 1144 | 479
Last Week
st e 4313 | 56.87 | 4434 | 2086 | 175 | 474
SMonthsAgo | 3433 | g5.67 | 53.34 | 36.44 | 17.04 | 545
232013
Start of
Calendar Year | 27.22 | 7278 | 61.00 | 42.05 | 2121 | 675
0%
Start of
Wiater Year | 23.41 | 76.59 | 65.45 | 42.12 | 21.48 | 612
sza2072
One YearAgo | 4501 | g3.00 |38.60 | 18.92 | 460 | 0.60

Intensity:

D0 Abnemally D ry

D1 Moderate Drought

D2 Severs Drought

The Drought Monitor focuses on broad-scale conditions.

I o:cctreme Dought

I o £xcoeptional Drought

Locai conditions may vary. See acCompanying text summary
for forecast statements

Author(s):

David Simeral
Western Regional Climate Center

USDA
LobA

S e

http://droughtmonitor.unl.edu/

U.S. Drought Monitor

CONUS

U.S. Drought Monitor

CONUS

October 1, 2013

(Released Thursday, Oct. 3, 2013)
Valid 7 a.m. EDT

Drought Conditions (Percent Area)

None | Do-D4|D1-D4 "
cument | 3057|043 4121 |2070| 208 | 020
LastWeek | 3000 [ o1.04 |4s.48 | 2633 | 433 | o
3”?'1‘_‘7’_[’;’1“‘-"’ 49.11 5080 | 44.08 | 3295 | 1357 | 468
Start of
Calendar Year | 27.22 | 7278 | 61.09 | 4205 | 2131 | 675
a0t3
Start of
WaterYear | 3057 | 50.43 [41.21 | 2070 | 206 | 020
12013
One YearAgo | o4 1q [ 75.90 | 54.58 | 40.07 [ 2012 | 6.07
razzor
Intensity:
DO Abnomaly Diy I o:cceme Dot

o1 Moderate Drougnt [N 52 £xcepional Drought

D2 Severs Drought

The Drought Monitor focuses on brogd-scale conaiions.
Local conditions may vary. See accompanying text summary

for forecast statements
Author(s):

David Miskus
NOAA/NWS/NCEF/CFC

USDA &
s 12

[ron| e

http://droughtmonitor.unl.edu/

March 5, 2013
(Released Thursday, Mar. 7, 2013)
Valid 7 a.m. EST

Drought Conditions (Percent Area)

None | D0-D4 | D1-D4 | D2-D4|
cumemt | 3433 | 567 [ 52,34 [ 3644 [ 1704 | 508
Last week . e
astwesk | 3162 | 6538 | 5017 | 3635 | 1605 | 545
3MonthoAgo | 2364 | 7516 | 8237 | 4222 | 2063 | 840
Start of
Calendar Year | 27 22 2131 | 675
gt
Start of
Winter Year | 2341|7850 | e5.a5 | 4212 | 2148 | 612
e
One Year Ao | 51| 5719 | 002 | 1930 | 720 | 284
intensity:
D0 Anom ety Dry B o:cxemeDmusn

D1 uederate Drougnt [ 04 = xcepuonal Drousht

D2 Severs Drought

The Drought Monilor fGCUSES Bn Droad-scaie Conations.
Local conditions may vary. See accompanying text summery

for forecast statements
Author(s):

Matthew Rosencrans
CPC/NCEP/NWS/NOAA

USDA &

http://droughtmonitor.unl.edu/

&
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U.S. Drought Monitor March 17, 2015
(Released Thursday, Mar. 19, 2015)
CONUS ValaT s_’n":_ EST

Drougts Conalions (Percenl Ared)

Paore | DO-D& [ 0904

Currant 4605 | 5395 | 3473 [ 1624 | B8z | 307

Larsd ksl
manary

4738 | 5264 [ 60 1573 B39 | 297

IMomhe ATy | o) 3 | gy [ 2005 | 1737 | s | 249
ranszire

Calonder Yoar | 5130 [ 4600 | 26060 | 1693 | 0se | 154
el

Start of

Weirler Yew (5237 | 4770 | 057 | 1pes | o4 | 208
s

Ona VarM M@ | ygay | a1ar (3008 |27 [ ner | 1e
ragard
e nsity:
O Aoy iy B o e e O ot

ot Wodmatn Do [ 04 E con ptiorn Drmagnt

2 Sevew Croupht

e Dvouahit Momdor fowass an oad-3cade condiana
Localconaitons mey vary See scromeanying fed summans

hitp:i/droughtmonitor.unl.edu/

U.S, Drought Monitor March 1, 2005
co N U s (Released Thursday, Mar. 3, 2005)
Valid 7 am. EST
Drought Condiiions (Percenl Antaj
tione | -0 | 0704 [O20|

Cument #165 | :3s | 570 | 828 | 551 | 12

I Mosths Ago
rraegw

Start o
Catandar vear | £3.00 | .97 | 264 1530 | S0 | 077

Seartof [
Waber Yoo | 5252 | i | 2051 | 212 | aee | om

O aaraon | o | 8120 | 1n [ mze |12 | 20m

intensity
sosmesmanyoy [ crtcemronmn
LTI . E T —

Z e Growgat
The Dmopsr Monior fOCIIes 00 Srac-scals Conotions

sama Y vary S88 BCTOmpAnying Hod summany
-

hitp:droughtmonitor.unl.edu/’

U.S. DEPARTMENT OF FOSS| I
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U.S. Drought Monitor March 2, 2010
CONUS il T am egr

Orougnr Conaens (Pament Arma)

1o | o008 [on os [ o204

Cumans ez | e | aes | 15 | oo | e
a0z | 19 | om | oo
wn | sz | o | om

12| 424 | 0w | a0

woa | & | 10 | o

=ea | am | 2 | om

| R p—

Dt etents Comugtt [ 045 e pemat T
T —

Tha DIOURAT LoAIDr OCLDaS On DrESS-5Ca CONAanE

Local ForGitas may 1SR SEE STCGMOanyIng LT TumTe

for forecast STasemants

Author(s):

Fachord Tnker

CPONOAAVNWENCEP

USDA 5

ﬁ- [ VPP
hitp :idreughtmeniter.unl.edul

U.S. Drought Monitor March 6, 2001
[ReJeased Thursday, Mar 8 2001,
CONUS N T

Drought Condiions (Percent Area
vione | o004 [01.04 [0

Currenl sare | mon [;ae | Gam | 1ee [0
s | uve [ mes | se |1 | om

ey
IMonthaAve | geas fvvas [mrs | o8 | ner [0

Stk of
Catemaer Voor | 082 | e [woe [ aw [ om | 0w
Startof 1
wner voor | 4218 | 5781 |;es (2505 | so |07
prrri 1

One Year g0 1 T | r
sty 4592 | 5408 | 3297 | 500 | 000 | 000

trteris

BB s

wii D voceee il
cruoseme oouget I Co g mmpenn Drougn
B2 Bewesw Oraughl

The Cvoup't Montor focuses on trosd-ocale condtions

Local conditions may @y S SccompAnying taat Bummany

for orecast Stakmants

Author(s):

Brad Rippay

U5 Depariment of Agricullure:

®

hitp:'droughtmonitor.unl. edul

USDA C
= .ﬁﬁuﬁ
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World-wide Interest

Drought Risk
Mederate High Extreme

U.S. DEPARTMENT OF FOSS”

EN ERG I E nergy http://www.eldoradocountyweather.com/climate/world-maps/world-drought-risk.html




Water Resources and Water Use
Reduction at Thermoelectric Plants

o Dry or water-efficient cooling
= Advanced materials with improved heat transfer properties
= Novel air-flow designs
= Systems optimization and control

o Alternatives to water as a working fluid

o Water-efficient CCS technologies

o Water recovery from plant operations (e.g. coal drying,
stacks)

o Effective fuel use to reduce the need for cooling
= Systems/ technologies for energy utilization from low grade
waste heat
= Alternate (more energy-efficient) power cycles

SR, U.S. DEPARTMENT OF Fossil




Treatment and Management of
Nontraditional Waters

o Advanced technologies (e.g. forward osmosis, nanofiltration,
membrane distillation, capacitive deionization, reverse
electrodialysis, pressure-retarded osmosis)

0 System optimization, including tunable water treatment systems
(to varying quality of water resource input/ desired output)

o Alternate energy sources: e.g. waste heat, low temperature
geothermal, low temperature concentrating solar power,
pressure/ temperature differentials, co-produced natural gas

0 Modeling and analysis to inform water resource protection in
energy development

o Sensor systems for real time measurement of water quality and
quantity in energy operations

EER, U.S. DEPARTMENT OF  Fossil

ENERGY Energy
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DOE Water Tech Team

end-User Needs Ongoing R&D

Technology

Deployment RDD&D
Barriers and ::Lfocl;ﬂs\tance
Sppoctunites Performance Specifications

and Cost Technology
Specifications Opportunities

Analytic Tools
Forecasts Data,
Policy Data

Modeling,

Analysis = and Analysis
Data Needs

\
Outreach g stakeholder Engage™e”

y U.S. DEPARTMENT OF FOSS”

@) ENERGY Encroy
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DOE
Water Energy Nexus Full Report

Challenges and Opportunities
July 2014

http://www.energy.gov/sites/prod/files/2014/07/f17/Water
Energy Nexus Full Report July 2014.pdf
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Rare Earth Elements

Report to Congress on the
economic feasibility of the recovery
of rare earth element for coal, coal

ash and byproducts.
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