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GTI Energy at a Glance
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sCO2 Power Cycles

• Advantages of sCO2 power cycles
‒Heat source flexibility
‒Higher efficiencies 
‒Compact turbo-machinery
‒ Economic scalability 
‒ Lower emissions & water consumption
‒ Facilitates and economizes low-carbon 

power production

Concentrated Solar Fossil Fuel/Biomass Geothermal Nuclear Waste Heat RecoveryEnergy Storage
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Supercritical Transformational Electric 
Power (STEP) Demo Project

• $165.6M project to design, construct, commission, and 
operate a 10 MWe sCO2 demonstration power plant

• Objectives: 
• Advance sCO2 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:

• Industry Co-Funders:

www.STEPdemo.us
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2-Phase Development of STEP
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Simple Cycle
• Shortest time to initial data
• Controls & safety
• Component performance
• Steady & transient cycle data

Recompression Cycle
• Inventory management
• Starting transients 
• Parallel compressor control
• SOA component efficiencies
• Cycle efficiency > 50%

TiT 500oC, 250 bar TiT 715oC, 250 bar
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STEP Test Facility 2024 
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February 2022
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STEP Process Equipment Layout
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Turbine & compressor install – 
Sep 2021

Certificate of Occupancy – May 2020

STEP site construction – Oct 2019

STEP Project Milestones

STEP groundbreaking – Oct 2018

Building Foundation – Dec 2019

Mechanical Completion & Start of 
Commissioning – Oct 2021

2016 - Oct

Project 
Start 

2018 - Oct

Ground-
breaking

2019 - Jan
Facility 
design 

complete

2020 - May
Building 

Completed

2023 - Oct
Mechanical 
Completion

2024 - Mar
Simple Cycle 
Testing to be 
completed

2025
RCBC 

Testing to be 
completed

2023 - Dec
1st Turbine 

Spin

2024 – Jan
1st Closed-
Loop Test
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Component Development Achievements

High temperature 
recuperator (HTR)
• World’s largest high 

temperature printed 
circuit heat exchanger 
(PCHE) 

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

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 lb rotor (120 HP/lb, or 200 
kW/kg)

Heater
• 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 lbs (4196 kg)
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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)

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

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
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Key STEP Learnings to Date

• Programmatic (large, DOE-sponsored pilot projects)
• 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

• 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
• Identified 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 

CO2 accelerates schedule and simplifies 
commissioning processes and safety precautions
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Interest from Around the World
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STEP Team @ the sCO2 Symposium

• Michael McDowell (GTI): Evaluation of the rapidity of sCO2 cycle power up and down events 
using the STEP dynamic simulation model

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

• Jeff Moore (SwRI): STEP 10 MWe sCO2 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

• 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

Disclaimer

16
www.STEPdemo.us
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Summary

• 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 
future commercial systems with higher efficiency and lower 
emissions 

• STEP test operations are planned for early 2024 (Simple) and early 
2025 (RCBC)

• Valuable programmatic learnings as well as technical learnings on 
design and fabrication with advanced alloys

• Opportunity for deep technology and operations insights available 
through Joint Industry Partnership

Keep up to date on STEP Project progress at www.STEPdemo.us
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Inquiries: Markus Lesemann  mlesemann@gti.energy
Media communications: Kristin Cone kcone@gti.energy

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

Thank You!
dstevenson@gti.energy

m: (213) 864-2519
o: (818) 405-9542
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