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Overview

« STEP 10 MWe test facility and simple cycle test campaign
» Steady state Flownex modeling framework

« 2024 test data and Data Acquisition Periods (DAPs)

* Major model improvements

* Validation results across cycle components

» Key conclusions and next steps
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STEP 10 MWe sCO, Pilot Facility

First integrated multi-MW sCO, Brayton

cycle demonstration in the U.S.

Completed simple recuperated cycle

testing In 2024
—  TIT up to 500 °C
—  8.25 MW_, turbine power || cria [¢— e = 56 & =3 B
— 3.93 MWe net to grid
o

Cooling
Water
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- SImple Cycle Configuration

»  Turbine + shaft train *  Main Cooler

. * Mal
* High-temperature recuperator (HTR) Ss:ga%cs);nepgte izgtrures.

o Heater Turbine flow function
e _ ! —  Leakage rates
2 RS , ML AL e - "
I RN - ***'5'*-*"”*1— e oy —  Shaft efficiency
: o & —  Gearbox efficiency
o —  Generator efficiency
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Summary of Major Model Updates
Updated main compressor maps from 2024 \\

test data

Compressor

Updated TSV Cv curve from latest vendor

sheet

Flow (m#3/h)

Updated shaft train efficiencies based on

commissioning
Updated as-built piping geometry & insulation :
Added extra thermal loss from lube ol

Yo Open

Cv, gal{U.5.)/min-sqrt{psi)
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Compressor Map Update

Vendor map did not align with as-
tested performance data

Updated using test data at nominal

condition
— 84 bar and 35 °C
— 27,000 rpm
—  —70°to +10° IGV

Compressor Head (J/kqg)

CQO, properties vary sharply near
critical point

Small temperature changes — large
density and volume flow changes

Accurate inlet conditions are essential

for map correlation
Flow (m~3/h)
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Turbine Stop Valve (TSV) Curve Update

 New Cv vs % open data from vendor
 Replaced older approximated curve

* |Improved turbine inlet pressure prediction

=== Neow Curve

=== )| Curve

Cv, gal(U.S.)/min-sqrt(psi)

7 Open
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Updated Turbine Train Efficiencies

Reason for update:

Updated values:

Original model overpredicted

mechanical-to-electrical output

Commissioning results provided more

realistic component level losses

Total Lube Qil loss

Generator: 0.993 — 0.966
Gearbox: 0.976 — 0.957
Shaft: 0.99 — 0.98 Ll

Lube oll loss

P |

o J. .l'| T |

Gearbox loss

earbox

SO

GTI ENERGY o

Generator loss

SWRI ) o= vernows
RESEARCH INSTITUTE

o

Shaft loss

e = * |
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Generator
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Updated Compressor Train Loss

e Added values:

— MC gearbox efficiency = 0.987
—  MC motor efficiency = 0.968

 Improved the model's agreement with measured electrical power

Power to
Fluid

Power to

MC Motor Gearbox

Voltage/Current Voltage/Current Torque/Speed Enthalpy flow
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Piping & Insulation Geometry Updates

Updated all pipe lengths, bends, diameters, elevations

Insulation type & thickness verified against as-built information

Improved prediction of pressure drop and heat loss T Fluids
Fluid data reference CO2-GTI| STEP (Two Phase ...
- Geometry
Geometry option Specify geometry E
Length 58.578 ft [
Pipe Diameter 9.564 in |~
Element | Losses
+ K value based on minimum area Mo ,5 H Smooth Flanged 1.18
K forward 1.176
PP ten
= Layers Click here to edit and rem... ... C
= Geometry
Thickness in element direction = £.9 in @
Number of nodes 2
= Material Data
Material option Select from data reference [
Material major conductivity..., Parallel E
Materia Calcium Silicate | Insulation (5...
K = specified resistance coefficient | . .. - |
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Data Acquisition Period (DAP) Windows

10 DAP windows selected (=1000 s each)
Only highlighted DAPs represent true steady state

Others are ramp-up transitional periods where

mismatch Is expected in steady state model

Model updated and anchored using DAP 8 & 9
corresponding to Simple Max conditions

—  TIT =500 °C

— Compressor speed = 27,000 RPM

STEP | 60 vova  @ENERGY | [T
DEMO GTlI ENERGY
DAP # Test ID Day Turbine Turbine | Compressor | Compressor Time Slice Time Slice
Inlet Temp | Speed Inlet Temp Speed Start
TC-325avg | N-530 TC-4/73avg KT-3351
[C] [rpm] [C] [rpm] [GMT] [sec]
1 T-8 9/10/2024 286 19998 49 27026 254/17:46:43 |64000-65000
2 T-11 | 9/11/2024 389.6 19999 49.5 27022 255/12:26:47 |44800-45800
3 T-12 | 9/11/2024 394 .4 26612 49.5 27025 255/15:00:07 |54000-55000
4 T-12 | 9/11/2024 492.1 26616 49.6 27027 255/16:36:57 |59810-60810
5 T-13 | 9/12/2024 496.4 260615 34 20729 256/17:51:19 |64275-65275
o T-17 | 9/13/2024 502 26602 35.3 20728 257/15:22:00 |55320-56320
[* T-15 | 9/26/2024 319 26614 49 27024 270/19:53:25 71600-
72400*
8 T-16 | 9/27/2024 500.5 26622 36.7 27026 271/20:25:04 | 73500-74500
O T-19 | 10/2/2024 500.7 26617 3/7.3 27025 276/13:03:21 |47000-48000
10 T-19 | 10/2/2024 498.8 26620 35 20727 276/14:10:01 |51000-52000

* 800 sec avg. All others 1000 sec
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Cycle Level Validation

E .th il Simple Max
4 oA i 60.00 A A DARIO

Uod e DAP O
g A E’E A DAPS
< 2 A Q 20.00
- [T & DAP /
: £ LY
e o -140.00  -100.00  -60.00  -20.00-° 20.00 60.00  10q.00 4 DAPS
E 32 g -20.00 . DAPE
— s A4 2 0 2 4 iuJ i
2 ) o ® DAP4
@ » [
[ 2 = -60.00 ® DAP3
O 0
E s ° @ DAP2

E Match Line
P
/ _ / 1t On 2% Error Bounds
Predicted Cycle Net Electric Power (MWe) Normalized Predicted Cycle Aero Efficiency (%)

Net Electric Power (Measured vs Predicted) Normalized Aero Efficiency (Measured vs Predicted)
» After updates, designed point matches exactly: 3.93 MW * Discrepancy falls within 1%

e Larger deviations only in ramp-up DAPS
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Turbine Validation

10

co

Measured Turbine Aero Power (MWsh)

2

4 6 8
Predicted Turbine Aero Power (MWsh)

Turbine Aero Power (Measured vs Predicted)

o Steady-state DAPs within 1-5% of measured values

10

Measured Turbine Normalized Efficiency
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B Simple Max
A DAP10
DAP S
A DAPS
o DAP7/
&

* A DAPGB
¢ ® » DAP5
e DAP4
e DAPS
@ DAPZ
DAP 1

Match Line

0.00 0.20 0.40 0.60 0.80 1.00 2% Error Bar

Predicted Turbine Normalized Efficiency

Turbine Normalized Efficiency (Measured vs Predicted)
e Consistent prediction accuracy after updates
e Larger deviations only In transient DAPsS
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Compressor Validation

Measured Main Compressor Aero Power (MWsh)

A STEP | co
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1.00
4.5 It 0.90
o -
4 £ 0.80
ﬁ ‘ " A
- A
3.5 A E 0.70
A W =
3 m S = 0.60 P )
E o LA A ]
-
2.5 € 7 -E 0.50 A
*9 VU =
o L .
2z E 0.40
- -
. =
1.5 xA E 0.30 o
ki
1 5 0.20 y
Ly
g
@
0.5 = 0.10
() 0.00
0.00 1.00 2.00 3.00 4.00 5.00 0.00 0.20 0.40 0.60 0.80 1.00
Predicted Main Compressor Aero Power (MWsh) Predicted Main Compressor Normalized Isentropic Efficiency
Main Compressor Power (Measured vs Predicted) Main Compressor Efficiency (Measured vs Predicted)
o Before update: large underprediction  Major improvement from original >16% deviation
« After update: within ~2% o Updated maps align well with operational data
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Match Line
5% Error Bar
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Heat Exchanger Validation (HTR & Heater)

40 N 2 4 ,
i o i B Simple Max
ac s <0 A DAP10
~ s
= A ° DAP 9
< T
z % A DAPS
- O 15
< 25 s © A * DAP7
= oy A
- * A A DAPG
E 20 a % . » DAP5
= ) 1[]
@ T e DAP4
2 15 3
@ ® = “ * DAP3
= L . .
10 $ . y e DAP2
DAP 1
o |
Match Line
0 0 o% Error Bar
0 10 20 30 40 0.00 5.00 10.00 15.00 20.00 25.00
Predicted HTR LP Side Duty (MW) Predicted Heater Duty, CO2 side (MW)
HTR Duty (Measured vs Predicted) Heater Duty (Measured vs Predicted,)
» Within 2% across steady state DAPs * Very strong agreement
« Same before and after results * Heater model requires no updates
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Summary of Key Improvements

Model updated using actual 2024 test data

Compressor map corrections: biggest reduction in error
Turbine & shaft efficiency updates improved power prediction
As-built piping + heat losses significantly enhanced accuracy

Final model matches steady state data within:
—  Cycle-level: ~1-5%
—  Turbine: 1-5%
— Compressor: ~2%

— HTR & Heater: ~2%
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Path Forward

* |ncorporate new turbomachinery test data

during RCBC commissioning ouwraiGes | Al o
'< €3 ﬁ Case 151
* Implement updated HTR model from A4 s TS
_ _ nslas0 LTSV 539 | 258 e
Carleton University i (I HS
Generator ™ Bf?::::: 78 | 87 rFln'ulen1:i::rfr'o,:ﬁ Iﬁ Eletric
» Integrate cooling tower model (NRCan I | i Sren ) (G [ Mo
‘PEEWEIt 103 | CO2 180 | 89 \ 4 35 | 85
Distribution uT 103 | CO2 LT - N 71 |co3
support) ; ey o
 oad . 71 | co2 M-—h
i i i Bank 194 | 262 166 | 262
 Begin RCBC steady state validation and 2l e ' (comg
future transient modeling —

The International Supercritical CO2 Energy Technologies Symposium e¢ March 2 — 5, 2026 ¢ Pittsburgh, PA, USA 17



\7)) STEP 7 | S
((((é DEMO %\2\1 ERGY @' cevernova  @ENERGY | Y[ |Gisee

Gratefully Acknowledging the Support from
U.S. DOE-NETL and Project Partners

)&w/\ GE VERNOVA

GTlI ENERGY

solutions that transform

‘ AMERICAN
=\ ELECTRIC
Southern POWER m PETROBRAS

Com pany = foUNDLEss ENERoY

"SPECTRUM

IMPACT

wWW.STEPdemo.us

The International Supercritical CO2 Energy Technologies Symposium e¢ March 2 — 5, 2026 ¢ Pittsburgh, PA, USA 18



NNNNNNNN

h, U.S. DEPARTMENT OF N
E_Ll\': E N E RGY ‘ OOOOOOOOOO
U T L

AAAAAAAAAA

GE VERNOVA

Questions?

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither 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 and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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DAQ Network from C.J.

DAQ Network
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