gti

sCO, Power — Status and Outlook
for Technology Maturation

John Marion — GTl R&D Programs Sr. Director
Industry Panel — 7t International sCO, Symposium
February 22, 2022

San Antonio, TX



Demonstrate Low-Cost, Low-Carbon, Efficient Energy Systems

‘?
gt Working with Industry and Governments to Buil | |

FOR ABETTER ECONOMY AND A BETTER ENVIRONMENT

SUPPLY » CONVERSION p DELIVERY » UTILIZATION

World class piloting

RESEARCH & PROGRAM — TECHNICAL/ oongyiTiNg TRAINING  COMMERCIALIZATION EMPLOYEES facilities headquartered

DEVELOPMENT MANAGEMENT ANALYTICAL

In Chicago area

gtL J.Marion - sCO2 Symposium - Technology Maturation Panel - 22 February 2022 2



o —

STATE OF DEVELOPMENT

sCO, Power Cycles
Promise:

« Efficient, Cost effective, Compact, Scalable,
low water, low-carbon power generation

Challenges:

 Operability, Transients, Turbomachinery
aerodynamic performance, seals, recuperator
size & durability, materials, cost

Versatile Technology — Broad Applicability: “1150°C
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Challenges to mature sCO, Power Cycles ’

Key focus points to mature sCO, power technology:

» Performance & Operability
» Cost

» Component readiness

STEP project contribution

—

Concentrated Solar Fossil Fuel Geothermal Nuclear Energy Storge Waste Heat Recovery
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Performance and Operability

sCO, Inventory Storage

e Test verification
 Models — static and dynamic
e Simulators for operators

e Scale-up:
e Turbine efficiency improvement
» Specific costs ($/KW) improvement

GTIl AspenPlus® 153
steady state modeling EN

STEP 10 MWe Pilot Demonstration Facility

Test Facility sCO, Heater Cooling Water Towers

LTR HP side inlet [bar] HTR HP side inlet [bar] Heater section 4 inlet [bar]
— Turbine inlet [bar] « HTR LP side inlet [bar]  LTR LP side inlet [2ar]
—Main Cooler inlet [bar] Main Compressor inket (76.19163 bar) -+ Main Compressor outiet [bar]
Bypass Compressor inlet [bar] Bypass Compressor outhet [bar] -+ TSV inlet [bar)
™
- 3
GTl sCO - CO2 mass reduction,
2 . flow to vapor tanks
ne
FlowNex® % = Turbine inlet
d ynamic mo del 3. temperature decreases
ith GE Mark VI g‘"’ by 30°C Compressor |GVs move to
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Wi ar 3 lower power positions
. -
simulator : , : -
- Main compressor inlet
» pressure decreases by 10 bar
.
T.me |s1
Cyde Cooler Exit Turbine Inlet Cycle
Configuration Temperature Temperature | Efficiency
Simple cycle minimum load case
&mple Simple cycle maximum load case 35°C 283%
151 Rc:ompresﬂon Baseline case 100% 100 35°C 715°C 43.4%
Recompression “Hot™ Day Case 70% 6.6 50°C 675"°C 37.4%
Recompression “Cold™ Day Case 100% 99 20°C 525°C 36.8%
Partial load using i y control 40% 40 35°C 715°C 37.0%
pLLI Recompression  RCBC at 500°C turbine inlet temperature 70% 69 35°C S00°C 32.5%
Partial load case using TSV throttling =
Bl v "USSIUNEN  wn a2 e e e
m Recompression Partial load case using TSV throttling 40% 39 35°C 675°C 29.6%
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Cost
 Mature supply chain

—Confidence with experience
(performance, manufacturing
processes, time & costs, and
equipment reliability

 Material Options
- (40H, H282, IN625, IN617 etc
—Mfg and repair

IN740 Welding for STEP heater to ASME PVC

e Plant arrangement

e Improved components

(next slide)

Haynes 282 casting for STEP TSV
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Compact arrangement example
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Component readiness

e Power Turbine

—Seals, thermal mgmt, aerodynamics,
OEM product development

e COmpressor sree r15c SRS
—Flexibility, 2-phase start-up, OEM confidence Y

Main Compressor Inlet: Start Up Conditions

 Heat Exchangers
—Scale-up, fabrication experience, integrity

s eI SR
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e Valves
—QOperational experience,
seals, materials choices e A /
TEP Comressr I Compressor start-usm\;\'ﬁ?}h liquid phase CO,

d
gtla J.Marion - sCO2 Symposium - Technology Maturation Panel - 22 February 2022 7



STEP Project

\\)2);
Scope:

w DEMD
Design, construct, commission, operate 10 MWe sCO, Pilot Plant Facility
- reconfigurable to accommodate other testing

Process
Test Bay for

Cooling
Process Hardware .
Objectives:
Contrpl Room, @ ! |
» Demonstrate pathway to efficiency > 50% nssemity areas | T R @ S

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

Process
Electrical

inlet temperature with 10 MWe net power generation

Includes Area

for Expansion

» Verify System Performance & Operability:

Ratura -c.—l
ey
» Quantify component and system performance .'< x = M
» Demonstrate operation across control parameters
» Measure transient response through start-up, load change, and shutdown .= Ea g
(o]
. o |
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ENERGY TE TECHNOLOGY g I@ @’ Simple Cycle Recompression Cycle
LABORATORY - + Shortest time to initial data . Inver_m:ry mar?agement
%% ST p— A AMERICAN ., W X ¥ EGAT : gmt:)ol:ei:::eHZrmance : gr::ll:;?:::amn:lri?:or control
; mmmm Cuok = IIICI'II'C eNGie ! . P;;;; for Thai Hepeiness + Steady & transient cycle data + SOA component efficiencies
oo (Capadi  Southern | POWER
Company  seuorrss ewerer

+ Cycle efficiency > 50%
— Tir 500°C, 250 bar Tir 715°C, 250 bar
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sCO, Technology Maturation — Summary

STEP pilot contribution & future needed [High Temperature Indirect sCO, power]

Technology STEP pilot

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

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

2 €

7~ DEMO

key objective for STEP

key objective for STEP

Developed and validated on STEP

gtl et QiR | [ gl e @

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

d
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		Table for sCO2 maturation  - High Temperature Indirect cycles																		J		K		L		J		K		L

		Technology		STEP pilot				Future



		Perf. Verification		J				with commercial products				key objective for STEP



		Plant Operability		J				with commercial applications				key objective for STEP 



		Static & Dyn. Modeling		J				refine with data				Developed and validated on STEP



		Supply Chain 		K				gain experience & confidence				Immature now and should come with market



		Materials (design & use)		K				gain experience				STEP applying ASME available and guidance

		740H welding		J

		282 casting		K

		625 welding		J



		Plant Arrangement		L				with commercial application				STEP arrangement flexible not compact



		Turbine		K				commercial products				STEP turbine is technology development not product development



		Compressor		J				gain experience & confidence				STEP compressor specification evolved with learnings 



		Heat Exchangers		J				gain experience & confidence				STEP heat exchangers push scale



		Valves		J				gain experience & confidence				STEP valves adapted from steam plants
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Table for sCO2 maturation  - High Temperature Indirect cycles
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pilot


Perf. Verification
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Disclaimer

This presentation was prepared by GTI 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
and opinions of authors herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Turning Raw Technology into Practical Solutions

www.gti@energy
www.STEPdemo.us

imarion@aqti.energy
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