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Overview



DOE/FE’s top Clean Coal and CCS priorities
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Success of the demos
• Serial # 1 in operation 2013‐2018
• A deep and rich set of public learning

Reimagining the coal and CCS RD&D portfolio
• Advanced combustion
• Capture and storage: incl. footprint reduction
• 2nd generation large pilots

International Partnerships
• Asia, Europe and other key countries

New mode: delivering solutions
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Cross‐Cutting Research  
Crosscutting technology development program

Major Goals: 

2016: Advance 2nd gen materials, sensors, modeling technologies to applied programs 

2020: Develop distributed communication sensor networks (transformational tech.) 

CO2 Capture and Compression
Cost effective capture for new and existing plants

Major Goals:  

2016: complete 2nd gen field tests (~1.0 MW scale)

2020: complete 2nd gen pilot tests (10 to 25 MW) 

2025: complete transformational tech. field tests  (~ 1.0 MW)

CO2 Storage
Safe, permanent storage of CO2 from power and industry

Major Goals:  

2020: Technologies and tools available to measure and account for 99% of injected 
CO2

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

Office of Fossil Technology Systems: Program Summary

Advanced Energy Systems
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 (2nd gen)
2025: Advanced combustion ready for pilot scale operation
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Pathway for Technology Commercialization
TRL 2 Successes 

from FWP, 
SBIR/STTR, ARPA‐E

Transfer to Office of 
Major Demonstrations

“Valley of Death” for Technologies



A technology pipeline for affordable CCS

We need more 2nd generation pilots!
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Advanced Fossil Technology Systems 

SUBPROGRAMS

Advanced Energy Systems

Cross‐cutting Research

Carbon Storage

Carbon Capture

TECHNOLOGY AREAS

Gasification Systems

Advanced Combustion Systems

Advanced Turbines

Solid Oxide Fuel Cells

Advanced Fossil 
Technology Systems

Major Demonstrations
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Advanced Fossil Technology Systems 

KEY TECHNOLOGIES

Feed System

Gasifier Optimization and Plant Supporting 
System

Syngas Optimization System

RESEARCH FOCUS       

• Advanced Oxygen Production
• High Pressure Solids Feed System
• Integration of Oxygen Production and 

Hydrogen Turbine
• Fuel Systems Optimization

• Advance Syngas Cooler Technologies
• RAM Improvements
• Novel Syngas Production 

Technologies
• Advance Low‐Water Use 

Management Technologies

• Nero‐Zero Emission Syngas Cleaning
• Hydrogen Membranes
• Novel Syngas Hydrogen Enrichment 

Technologies
• Advance Syngas Conversion 

Technologies

Gasification
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Advanced Fossil Technology Systems 

KEY TECHNOLOGIES

Oxy‐Combustion

Chemical Looping Combustion

Advanced Materials

RESEARCH FOCUS       

• Atmospheric Pressure Oxy‐
Combustion

• Pressurized Oxy‐Combustion
• O2 Membrane Advance 

Power Systems

• Chemical Looping Combustion

• A‐USC Oxy Combustion 
Materials

Advanced Combustion 
Systems

Coordinated with 
Crosscutting Research 

Technology Area

Oxy‐
Combustion

Chemical 
Looping
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Advanced Fossil Technology Systems 

KEY TECHNOLOGIES

Hydrogen Turbines

Oxy‐Fuel Turbines for EOR and Power

Advanced Steam Power Cycles

RESEARCH FOCUS       

• 2,650 F Turbine
• 3,100 F Fossil Fuel Turbine

• Material Development
• Advanced OFT Design
• Oxy‐fuel Combustion

• Steam Cycle Design/Optimization
• High‐Pressure Valves and Castings 

Development
• Materials Developments

Advanced Turbine

Supercritical CO2 Power Cycles
• Turbomachinery Design
• Heat Exchangers Design 
• Materials Development



SCO2 Power Cycle Overview
Recompression Brayton Cycle

• Applicable to all heat sources (indirect)
• Non condensing closed brayton cycle
• Double recuperated
• SCO2 (467.6 kg/m3) is ~ 53 % less dense than H20 

& 45 % more dense than supercritical steam
• TRL: 3 – 4 (current status)
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Advanced Fossil Technology Systems 

KEY TECHNOLOGIES

Anode Electrolyte Cathode (AEC) 
Development

Atmospheric Pressure Systems

Pressurized Systems

RESEARCH FOCUS       
• Reduced Degradation
• Improved Power Density
• Enhanced Durability
• Improved Reliability and Robustness

• Stake Development and Scale up
• Proof‐of‐Concept Systems
• Commercial‐scale Demonstration System

• Effects of Pressurization
• Stake Development and Scale up
• Proof‐of‐Concept Systems
• Commercial‐scale Demonstration System

Solid Oxide Fuel Cell 

Alternative AEC Development
• Novel Cell and Stack Architectures
• Advanced Processing Techniques
• Novel Power Systems
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Advanced Fossil Technology Systems 

SUBPROGRAMS TECHNOLOGY AREAS
Sensors, Controls and Other Novel 
Concepts
Cross‐cutting Materials R&D
Advanced Ultra‐Supercritical 
Water Management

Computational System Dynamics
Focus Area for Computational Energy 
Science

University Coal Research
HBCU’s Education and Training

Cross‐Cutting Research

Plant Optimization

Coal Utilization Science

University Training and Research
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Advanced Fossil Technology Systems

KEY TECHNOLOGIES

Sensors, Controls and Other Novel Concepts

Advanced Ultra‐supercritical Materials

Water Management

RESEARCH FOCUS       

• Extreme Environment Sensors
• Model Predictive Control
• Self‐Organizing Systems Control
• Energy Harvesting
• Wireless Sensors
• Advanced Sensors Manufacturing
• Integrated

• Computational Materials Models for 
Structural and Functional Performance

• High‐ Temperature Alloy Computational 
Modeling

• Predictive Computational Framework for 
Dynamic Materials Model

• Extreme Environment Materials
• Born Certified Materials
• Atoms to Metals

Plant Optimization

TECHNOLOGIES AREAS

Coal Utilization Science

University Training and 
Research

Cross‐cutting Materials R&D 

• 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
KEY TECHNOLOGIES

Computational System Dynamics

RESEARCH FOCUS       

• High‐Fidelity Scale and CFD Models
• Risk Assessment Framework that 

Incorporates Field‐Scale Monitoring 
and Mitigation Strategies

• 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

• Large Scale Simulation of Layered Ternary 
Compounds

• Validated Devices Scale Models with 
Integrated Uncertainty Quantification

Plant Optimization

TECHNOLOGIES AREAS

Coal Utilization Science

University Training and 
Research Focus Area for Computational Energy Science
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Stakeholder GroupTechnical Team

National Risk Assessment Partnership

Wade, LLC

Leveraging DOE’s competency in science‐based prediction for engineered–natural 
systems to build confidence in the business case for CO2 storage.

Building toolsets and the calibration & validation data to quantify …
• Potential impacts related to release of CO2 or brine from the storage reservoir

• Potential geomechanical impacts due to injection of CO2
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For Accelerating Technology Development

National Labs Academia Industry

Identify 
promising 
concepts

Reduce the time 
for design & 

troubleshooting

Quantify the technical 
risk, to enable reaching 

larger scales, earlier

Stabilize the cost 
during commercial 

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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World‐wide Interest

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



Treatment and Management of 
Nontraditional Waters 

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

o 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 

o 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



25

DOE Water Tech Team



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

DOE
Water Energy Nexus Full Report 

Challenges and Opportunities
July 2014
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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.


