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The National Energy Technology Lab (NETL) is driving innovation that will help enable a carbon-free power sector by 2035
and a net-zero carbon-emissions economy by 2050. As we work toward that goal with a progressively greater reliance on
renewable energy resources, fossil fuels currently account for a significant percentage of U.S. energy consumption due to
their abundance, high-energy density, and the relatively low cost associated with production, safe transport, and use. To
ensure energy security for our nation's future, an environmentally sustainable approach is required to ensure that the CO,
injected into the subsurface remains safely and permanently in the reservoir. Our primary focus is to further develop a carbon
management approach which is capable of lowering industrial emissions in a manner that is both economical and publicly
acceptable.

The Carbon Storage Program at NETL is focused on developing and advancing technologies to enable safe, cost-effective,
permanent geologic storage of CO, both onshore and offshore in different depositional environments. The program also serves
to increase the understanding of the effectiveness of advanced technologies in different geologic reservoirs appropriate for

U.S. DEPARTMENT OF

'ENERGY

N NATIONAL

TL TECHNOLOGY
LABORATORY

Albany, OR + Anchorage, AK + Morgantown, WV - Pittsburgh, PA + Houston, TX

NETL implements this effort as part of DOE’s Clean Coal and Carbon Management Program. Program116 - April 2021



CO, storage. These include: saline formations; oil reservoirs;
natural gas reservoirs; basalt formations; and organic-rich
shale basins. Ultimately, the Carbon Storage Program will
enable us to better understand how CO, behaves in the
earth’s subsurface. These objectives are key to increasing
confidence in safe, effective, and permanent geologic CO,
storage.

The overall objective of the Carbon Storage Program is to
develop and advance carbon capture and storage (CCS)
technologies both onshore and offshore that will significantly
improve the effectiveness of the technologies, reduce
the cost of implementation, and be ready for widespread
commercial deployment. Technical and economic barriers
must be addressed and data generated to inform regulators
and industry on the safety and performance of CCS. NETL
capabilities have been employed to pursue CCS goals in two
technology component areas: (1) advanced storage research
and development; and (2) storage infrastructure. A third area,
risk and integration tools, crosscuts the first two areas.

The Advanced Storage R&D Technology Component
involves both applied laboratory and pilot-scale research
focused on developing new technologies and systems for
geologic storage. Advanced Storage R&D encompasses three
technology areas: Wellbore Integrity and Mitigation; Storage
Complex Efficiency and Security; and Monitoring, Verification,
Accounting and Assessment (MVA). The Wellbore Integrity
and Mitigation area’s focus is on developing new tools
to measure well integrity and new materials, tools and
techniques to repair well issues. Storage Complex Efficiency
and Security is focused on developing advanced models
and methods to reduce computational time and uncertainty
as well as improve understanding of geomechanical and
geochemical impacts. Efforts within MVA are designed to
confirm permanent storage of CO2 in geologic formations,
both onshore and offshore, through multilevel monitoring
programs that are both reliable and cost-effective. The level
of technology R&D conducted in the Core R&D efforts ranges
from laboratory- to pilot-scale activities. Technologies are
normally developed in the Core R&D projects to the point
where individual companies, utilities, and other business
entities are able to design, manufacture, and build the
equipment and instrumentation needed to implement or
commercialize the processes.

The four regional initiatives to accelerate carbon capture,
use and storage (CCUS) include:

+ Regional Initiative to Accelerate CCUS Deployment in the
Midwest and Northeastern USA

« Carbon Utilization and Storage Partnership of the
Western United States

« Southeast Regional Carbon Unitization and Storage
Partnership

www.NETL.DOE.gov

+ Plains Carbon Dioxide Reduction Partnership Initiative to
Accelerate CCUS Deployment

To better understand geologic formations, researchers at NETLUs High-
Pressure Immersion and Reactive Transport Laboratory in Albany are
studying subsurface systems.

The Risk and Integration Tools, such as the National Risk
Assessment Partnership (NRAP), the Energy Data Exchange
(EDX), and the CO, Storage Prospective Resource Estimation
Excel Analysis (CO,-SCREEN) tool support both the
Advanced Storage and Infrastructure components. NRAP is
a U.S. Department of Energy (DOE) multi-national laboratory
initiative that harnesses core capabilities developed
across the national laboratories to carry out science-based
predictions of the critical behavior of engineered-natural
systems that can be applied to risk assessment for safe,
long-term CO, storage. NRAP collaborates with the Storage
Infrastructure field projects to obtain field data to develop and
validate their protocols and predictive tools. EDX is an online
system providing access to information and data relevant
to fossil and renewable energy systems. EDX coordinates
historical and current data and information from a wide
variety of sources to serve as a research and rapid response
tool for a wide variety of users. CO,-SCREEN was developed
by NETL to screen saline formations by applying DOE
methods and equations to provide a dependable method for
calculating prospective CO, storage resources. CO,-SCREEN
is a tool within EDX.

The Carbon Storage Program supports several integrated
domestic and international activities to ensure CCS
technologies are cost-effective and commercially available.
The program relies on its own capabilities as well as the
national laboratory network to complement the program
approach to reducing CO, emissions. NETL provides the
DOE Fossil Energy R&D Program an onsite location where
fundamental and applied fossil energy R&D is performed by
government engineers and scientists. The Carbon Storage
Program also relies on international collaborations. DOE is
partnering with several international organizations, such
as the International Energy Agency’'s Greenhouse Gas R&D
Programme and the Carbon Sequestration Leadership
Forum. DOE is also directly engaged in several large-scale
CCS demonstration projects around the world, spanning five
continents.
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Carbon Storage Atlas V: The primary purpose of the fifth edition of DOE's Carbon Storage Atlas is to update the CO, storage
potential for the United States and to provide updated information on the RCSPs’ large-scale field activities, small-scale field

projects, and site characterization projects.

RESOURCES

NETLs Carbon Storage Program has a distinguished record
of working with universities and initiatives that include other
national laboratories, international organizations, regional
partnerships, and government engineers and scientists.
Additional information about that history of cooperation and
new opportunities for collaboration can be found on NETL's

Carbon Storage Program website: https://go.usa.gov/xsBEw.

The Energy Data eXchange (EDX) is an online coordination
and collaboration platform developed by NETL to support
subsurface energy research. Efficient and timely research
has always been driven by access to existing information, the
ability to quickly share and coordinate data with collaborators,
and the ability to disseminate the results of work products
as they develop. EDX supports these needs, offering timely
access and coordination to data for researchers that require
information associated with subsurface energy sources.
EDX is utilized as a platform for rapidly disseminating NETLs
research products, to include our monthly Carbon Storage
Newsletter. More information is available on the EDX website:

https://edx.netl.doe.gov/.
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STORAGE R&D INFRASTRUCTURE
Wellbore Integrity Regional Carbon Sequestration
and Mitigation Partnerships Initiative

Characterization Field P

RISK and INTEGRATION
TOOLS

NETLs CCS Database includes active, proposed, and

terminated CCS projects worldwide. The information is taken from publicaly available sources to provide convenient access

to information regarding efforts by various industries, public groups,

and governments toward development and eventual

deployment of CCS technology. Information about NETLl's CCS Database is available at https://go.usa.gov/xsBEw.

CONVERGENCE OF CAPTURE AND STORAGE INFRASTRUCTURE
CARBONSAFE PHASE Ill & CAPTURE FUNDED FEED STUDIES LOCATIONS

®

Accelerating CCUS at MTR, Inc. Polymeric Membrane

Dry Fork Station, Wyoming
University of Wyoming (UW)

North Dakota CarbonSAFE
San Juan Basin CarbonSAFE:

Ensuring Safe Subsurface Storage
of CO, in Saline Reservoirs

Commercial Solvent

’ Enchant Energy

Front-End Engineering Design
Study for Retrofit Post-Combustion
Carbon Capture on a Natural Gas
Combined Cycle Power Plant -
Fluor's amine-based
Econamine FG Plus

Electric Power Research Institute

&En

Large-Scale Commercial Carbon Minnkota Power Cooperative
Capture Retrofit of the San

Juan Generating Station -

Commercial Carbon

-""'F'

Solvent

lon Engineering
Piperazine Solvent/
Advanced Stripper
Front-End Engineering

Design (PZAS FEED)

University of Texas at Austin

Gas-Fired
0 CarbonSAFE Phase lll Projects

. Capture Program FEED Studies

L Coal-based power plants A\

& Natural Gas-based power plants

MTR’s Membrane CO, Capture Process -

Membrane Technology and Research

Site Characterization and Permitting
Uni lorth Dakot:

Project Tundra Carbon Capture System -
Fluor’s amine-based Econamine FG Plus

Design & Costing: Part Two -
lon Engineering Non-aqueous

Retrofit a 2x2x1 Natural

Combined Cycle Power Plant
for Carbon Capture Storage/
Utilization - MEA Solvent
Bechtel National

®

Illinois Storage Corridor

Retrofitting the Prairie State Generating
Station with an 816 MWe Capture Plant Using
Mitsubishi Heavy Industries - MHI Solvent

Phase lll: University of lllinois Geological Survey (1SGS)

Establishing an Early CO, Storage
Complex in Kemper County,
Mississippi: Project ECO,S

Southern States Energy Board

Capture

Linde-BASF Advanced
Post-Combustion CO,
Capture Technology at a
Southern Company Natural
Gas-Fired Power Plant -
Linde BASF Amine Solvent

Southern Company Services .

Gas Turbine




www.NETL.DOE.gov

NATIONAL

TECHNOLOGY
LABORATORY

Mark L. McKoy

Technology Manager

Carbon Storage

Mark.McKoy@netl.doe.gov Carbon.Storage@netl.doe.gov



