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sCO, Power Cycles SO

GTlI ENERGY

Application Space

« Advantages of sCO2 power cycles A oredfinsco,
—Heat source flexibility 200 |
—Higher efficiencies 600
— Compact turbo-machinery 9 500
— Economic scalability ;—“—; 400
— Lower emissions & water consumption %300
— Facilitates and economizes low-carbon E’ 200

power production
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Supercritical Transformational Electric O
Power (STEP) Demo Project GTI ENERGY

« $165.6M project to design, construct, commission, and
operate a 10 MWe sCO, demonstration power plant
* Objectives:
» Advance sCO, power cycle technology from TRL3 to
TRL7
» Demonstrate pathway to net plant efficiency > 50%

» Demonstrate operability at 500°C and >700°C
turbine inlet temperature with 10 MWe power
generation

* Project Partners: www.STEPdemo.us
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2-Phase Development of STEP GTI ENERGY
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Water Comp =
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Simple Cycle Recompression Cycle

Inventory management
Starting transients

Parallel compressor control
SOA component efficiencies
Cycle efficiency > 50%

Shortest time to initial data
Controls & safety
Component performance
Steady & transient cycle data
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STEP Test Facility 2024 %ERGY
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STEP Process Equipment Layout

Distributed Control
system (DCS) :
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STEP Project Milestones

2016 - Oct

Project
Start

2018 - Oct

Ground-
breaking

2019 - Jan
Facility
design

complete

2020 - May
Building
Completed

| Certifica

—
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@ ENERGY | TLJSSHSY oT1 ENERG

2023 - Oct

Mechanical
Completion

2023 - Dec

SO

GTlI ENERGY

2024 - Mar 2025

Simple Cycle RCBC
Testing to be Testing to be
completed completed

2024 - Jan
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Heater

Component Development Achievements

sCO2 turbine

* At ~1/10 the size of an equivalent
steam turbine, has the world’s
highest power density for a
terrestrial turbine

« 21,500 horsepower produced by
180 Ib rotor (120 HP/Ib, or 200
kW/kg)

High temperature
recuperator (HTR)

SO

GTlI ENERGY

World’s largest high
temperature printed
circuit heat exchanger
(PCHE)

22.5 MWth and ~50
tons (~45,300 kg)

World's largest high
temperature Inconel
heater tube bundle

22.54 MWth tube
bundle heat duty

Turbine stop valve

World's largest
high temperature
Haynes 282
casting

9,250 Ibs (4196 kg)
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System Modeling — Critical Tools

Steady state modeling

Started Aspen Plus modeling ~10
years ago for system studies

Continuous improvement with
realistic pressure loss &
equipment performance

Cross verification w/other models

Use for Cycle performance, pipe
sizing, equipment specification

Evaluate other sCO2 cycles &
applications

E
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Dynamic modeling

Created FLOWNEX model to
support STEP

Calibrated against steady state
model

Provide feedback on system &
equipment designs

Test controls narrative &
methodology

Operations planning (startup, normal
shutdown, and trips/shutdown)

SO
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Operator
Controller
Station

Human
Machine
Interface [(HMI)

Facility simulator

Human machine interface mimics
facility controls (GE Mark VI
DCS)

Ties into a virtual controller
accesses real time data

Flownex model used for
hardware physics

Operator training — runs at real
time

Operation planning
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* Programmatic (large, DOE-sponsored pilot projects)

Key STEP Learnings to Date

Securing/maintaining Congressional support critical

DOE grant-style contracting (as normally structured)
not conducive to projects with substantial
construction/procurement risk

* e.g. contingency not allowed but should be
required (beginning to be recognized)

Partnering is necessary — but establish partner
alignment and incentives early

* Must be clearly contracted, to include
consideration of unexpected developments

Commercial equipment procurement terms don't
serve you well in development setting

« e.g. "fixed price” contracting provides inadequate
risk mitigation

Component tech development risk underestimated

SO
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» Technical

Fabrication experience with high temperature
materials advanced

« PCHE (HTR), Haynes 282 castings (TSV) and
Inconel 740H applications (heater, turbine
casing, piping)

Thermal management key to turbine dry gas

seal life, even during pressurized holds

Turbine designed to be scalable to 100+ MW

|dentified gaps in knowledge and performance
for commercial sCO2 compressors

Liquid operation an important compressor
requirement for cold start-ups

Commissioning the heater with air instead of
CO, accelerates schedule and simplifies
commissioning processes and safety precautions

SCO2 SYMPOSIUM | FEB 2024 13
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Interest from Around the World Gl ENERGY
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Supercritical Transformational Electric Power da 10 MW. ‘ , Report [ [ = Y
Hamilton (SwRI): “Cambiera il modo in cui pensiamo alla - o

produzione di energia”
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$155M demonstration plant at
Southwest Research aims to

- revolutionize energy industry

Systems
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GTI, KEPCO collaborating on supercritical CO2 power cycle research

$155M facility could change power landscape
O] S EES EESI B (s [ o oo
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(Editor’s Note: This story originally published on Mey 2).

STEP forward for Brayton high efficiency
demo

7 November 2023

XN O

The non-profit research organization Gas Technology
Institute and a unit of Korea Electric Power Co. (KEPCO)
have signed an agreement to jointly research and develop
supercritical carbon dioxide (sCO,) power cycle
technologies that could impact power generation efforts.

Vgl ‘The memorandum of understanding between GTl and

..... Korea Electric Power Research Institute (KEPRI) focuses
on'SCO; work which canlead to the potential for higher
power conversation efficiencies and more compact
turbomachinery. Such achievements could help lower
capital costs and reduce plant footprints for power
generators.

GTI Energy and its partners, Southwest Researci;
Institute (SwRI) and GE Vernova, have marked w
they believe is a significant leap forward in energ}
technology advancement with the opening of thei

- ] Supercritical Transformational Electric Power (ST

1 - Demo test facility in San Antonio, Texas. Funded

b | "' 2 the US Department of Energy and industry partne

| = = the STEP Demo facility is said to be a first-of-a-ki

(GTl and KEPRI will explore opportunities for joint research
and development on sCO, technologies over the next five
years. The partners will cooperate, share technical
information, and potentially exchange research staff for

200 250 30 400

300
temperature
T

5C0, technology development and commercialization.
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STEP Team @ the sCO2 Symposium GTI ENERGY

* Michael McDowell (GTI): Evaluation of the rapidity of sCO2 cycle power up and down events

_‘,: using the STEP dynamic simulation model
(D)
3

 Darryl Hino (GTI): Simple Cycle Test Validation of the STEP Dynamic Simulation Model

« Jeff Moore (SwRI): STEP 10 MWe sCOZ2 Turbine Design, Assembly and Commissioning
* Bill Follett (GTI): The STEP 10 MWe sCO2 Pilot Installation and Commissioning Status Update

* Mike Kutin (GTI) and Josh (SwRI): Commissioning and Simple Cycle Testing of the STEP Main
Compressor

 Craig Nolen (SwRI): Controls and Data Acquisition Systems Architecture for the DOE STEP 10
MWe Pilot Scale sCO2 Power Plant

Thursda

» STEP Facility Tour at SwRI (1:30 - 4:30pm)

—
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Gratefully Acknowledge 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
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned rights. Reference
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

WWW. ST E Pd e m O . U S and opinions of authors herein do not necessarily state or reflect those of the United States

Government or any agency thereof. 16
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Summary GTlI ENERGY

« sCO2 power cycles are versatile to heat source and application

« Potential for performance AND cost benefits over steam cycles

» Technology maturation by the STEP project will provide path to ™ N
future commercial systems with higher efficiency and lower S
emissions '._.’ ="

 STEP test operations are planned for early 2024 (Simple) and early " :;A_, 6
2025 (RCBC) > ¥y

* Valuable programmatic learnings as well as technical learnings on ” :?/‘
design and fabrication with advanced alloys g 4 >

« Opportunity for deep technology and operations insights available g TP

through Joint Industry Partnership
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Thank You!

dstevenson@gti.energy
m: (213) 864-2519
0: (818) 405-954°2

www.linkedin.com/company/gti-energy
www.gti.energy

Inquiries: Markus Lesemann mlesemann@gti.energy
Media communications: Kristin Cone kcone@gti.energy
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