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We work collaboratively to address critical energy challenges impacting gases, liquids, efficiency and infrastructure
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Supercritical Transformational
Electric Power (STEP) Project
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Scope: Design, construct, commission, and operate a 10 MWe sCO, Pilot Plant Test Facility -

reconfigurable to accommodate other testing

Team:GTI Energy (GTI ENERGY)
Southwest Research Institute (SWRI®)
General Electric Global Research (GE-GR)
U.S. Department of Energy (DOE NETL)

Joint Industrial Partners:
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Schedule: Three budget phases (2016-2024)
Cost: $165.6MM Total / $124.5MM Federal Funding
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New SwRI Facility Occupancy on Time
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Design, construct, commission, operate 10 MWe sCO, Pilot Plant Facility
- reconfigurable to accommodate other testing
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Objectives:
Control Room,
Offices, & &
» Demonstrate pathway to efficiency > 50% Asseinblvanes

Process
Electrical

» Demonstrate operability at 500°C & >700°C turbine

Includes Area
for Expansion

inlet temperature with 10 MWe net power generation

» Verify System Performance & Operability:
» Quantify component and system performance
= Demonstrate operation across control parameters
» Measure transient response through start-up, load change, and

shutdown
U.S. DEPARTMENT OF N= NATIONAL “ Simple Cycle Recompression Cvcle
== |[ENERGY © « Shortest time to initial data * Inventory management
E N E RGY ’ TECHNOLOGY I @’ + Controls & safety « Starting transients
TL LABORATORY ® + Component performance - Parallel compressor control
= « Steady & transient cycle data « SOA component efficiencies
1 « Cycle efficiency > 50%
mmmmmmmmmmmmmmmmmmm A AMERICAN o, @ t EG AT
€HKEPCOTs"" "\ LETRC GNGIC N i o
Canadi ~ Souther | POWER s T.y 500°C, 250 bar Ty 715°C, 250 bar
““““““““““““““ TEXAS COMMISSION ON



>O
STEP Test Facility Installation Progressing 2023 %.\ENERGY

sCO, Inventory Storage
Test FaCiIity SCOZ Heater Cooling Water Towers

STEP [Supercrltlcal Transformational Power] 10 MWe
facility in San Antonio, TX
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STEP Test FaC|I|ty Installatlon Progress %Encv

Recent progress
« All components in place except for turbine gearbox
| « Compressor loop operational in December
’ umhjf,* 1 . Piping c:‘ompleteq in May - |
‘~ Remaining electrical installation in work, to be completed in July
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Noteworthy 2023 achievements GTI ENERGY

»>STEP achieved sCO2 conditions for the first time January 2023
»Compressor achieved full speed, full pressure operation for extended periods of time
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STEP Facility and Equipment Layout

System (DCS)

Distributed Control

. Primary Heater

Pipe & Process

Installed VTS

High Temperature

Low Temperature
Recuperator (LTR)
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Main Process ¢

Cooler

Cooling Water

System

Recuperator
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Timeline to Test Operations % DEMO  GTI ENERGY

Compressor Complete Complete
Commissioning Commissioning RCBC
Start Simple Cycle Reconfiguration

Aug 2023
Mechanical Complete Complete RCBC
Completion — Simple Cycle Tests (End

Simple Cycle Tests Project)



STEP pilot contribution to sCO, Technology Maturation QO

[High Temperature Indirect sCO, power]

Technology

Perf. Verification

Plant Operability
Static & Dyn. Modeling
Supply Chain

Materials (design & use)

740H welding
282 casting
625 welding

Plant Arrangement
Turbine
Compressor

Heat Exchangers

Valves

STEP pilot
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Future

with commercial products

with commercial applications

refine with data

gain experience & confidence

gain experience

with commercial application
commercial products
gain experience & confidence

gain experience & confidence

gain experience & confidence
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key objective for STEP

key objective for STEP

A STEP
Developed and validated on STEP f(?((&\:' D EM D

Immature now and should come with market

STEP applying ASME available and guidance

STEP arrangement flexible not compact

STEP turbine is technology development not product development
STEP compressor specification evolved with learnings

STEP heat exchangers push scale

STEP valves adapted from steam plants
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A, STEP XO
Summary and Outlook ;@. DEMO %NERGY

« sCO2 power cycles are versatile to heat source and application and provide potential
performance AND cost benefits over steam cycles

* Technology maturation by the STEP project will provide path to future commercial systems
with potentially higher efficiency and lower emissions

» STEP test operations are planned for late 2023 (Simple) and early 2025 (RCBC)

 Valuable learnings on design and fabrication with advanced alloys:
Turbomachinery rotor (N105) & Casing (IN625), Primary Heater (740H), Turbine Stop Valve (H282), thick-walled (740H) piping,
High Temperature Recuperator (316S)

- Opportunity for deep technology and operations insights available through
Joint Industry Partnership
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Gratefully Acknowledging the Support from
U.S. DOE-NETL and Project Partners
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Disclaimer

This presentation was prepared by GTl as an account of work sponsored by an agency of the United

States Government. Neither GTI, the United States Government nor any agency thereof, nor any of
ﬁ ‘)) S I E P their employees, makes any warranty, express or implied, or assumes any legal liability or
i ® __..J responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product,

r"’ ﬁ or process disclosed, or represents that its use would not infringe privately owned rights. Reference
((l &, D EM D herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,

recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors herein do not necessarily state or reflect those of the United States

WWW. ST E Pd emao.us Government or any agency thereof.



GTlI ENERGY

solutions that transform

GTl Energy develops innovative solutions that
transform lives, economies, and the environment
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