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Working With Industry and Governments to Increase
Access to Abundant, Affordable, and Acceptable Energy

FOR ABETTER ENVIRONMENT AND ABETTER ECONOMY

SUPPLY b CONVERSION 4 DELIVERY 4 UTILIZATION

'

RESEARCH & PROGRAM TECHNICAL/ CONSULTING TRAINING World-class piloting
DEVELOPMENT ~ MANAGEMENT ~ ANALYTICAL facilities headquartered

in Chicago area

GTI© 2018




Benefits of sCO, Power Cycles

Supercritical CO, working fluid advantages: s

Versatile Technology — Broad Applicability:

Heat source flexibility

__600
Higher efficiencies e
Compact turbo-machinery g 200
Economic scalability §400
Lower emissions & water consumption E, 200
Facilitates and economizes low-carbon power production

200

Concentrated Solar Fossil Fuel Geothermal Nuclear
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Direct Fired sCO,
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Ship-board Propulsion Waste Heat Recovery
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Challenges of Advanced sCO, Power Cycles
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Turbine inlet temperature (°C)

» Technology and process development
to confirm advantages
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« Materials: corrosion, creep, fatigue
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« Turbomachinery: life, aero performance,
seals
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* Recuperators: design, size, fabrication,
durability

Fud
o

« Power plant operability: startup,
transients, load following Soure: NETL
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Supercritical Transformational \V)ﬂ olEP
Electric Power (STEP) Program ((((\\' DEMO
Scope: Design, construct, commission, and operate a 10 MWe sCO,, Pilot Plant Test Facility

Goal: Advance state of the art for high temperature sCO, power cycle performance from
Proof of Concept (TRL3) to System Prototype validated in an operational system

(TRL7)
Building a flexible platform
Team: Gas Technology Institute (GTI) for long-term use to validate
Southwest Research Institute® (SwWRI®) component performance,
General Electric Global Research (GE-GR) guantify cycle efficiency, and
U.S. Department of Energy (NETL) study plant operability in an

Integrated, grid-connected
system.

Schedule: Three budget phases over six years (2016-2022)
Cost:  $119MM Total / $84MM Federal Funding
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A STEP

STEP Program Objectives 7S DEMO

Demonstrate pathway to RCBC cycle efficiency > 50%

Demonstrate cycle operability up to 700°C
turbine inlet temperature and 10 MWe net
power generation

Quantify performance benefits:
= 2-5% point net plant efficiency improvement
= 3-4% reduction in LCOE =
= Reduced emissions, fuel, and water usage g P 7

Reconfigurable facility to accommodate
future testing

Pilot Site: SwWRI in San Antonio, TX
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A, STEP
STEP Project Plan 7~ DEMO

/ Budget Period 1 / Budget Period 2 \ Budget Period 3\
ends Oct 2018 ends January 2021 ends September 2022
Detailed Facility and Fabrication and Facility Operation
Equipment Design Construction ‘ and Testing
25 months 27 months 20 months
* System analysis, P&IDs, * Complete site - _ _
Component Specs construction and civil * Facility reconfiguration
* Design major equipment works * Test recompression
* Procure heat source, * Fabrication & cycle
cooling tower & long- installation of major
lead items equipment
* Materials & seal tests e Commissioning and
simple-cycle test

\ficart site construction) \ ) \ /
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Transitioning from Component and Cycle
Design to Integrated System Demonstration

/ Individual Cycle and Component Development Efforts
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A, STEP
7~ DEMO

System Demonstration\

Integrated Pilot Scale

Motor Driven
Compressors

Inventory
System

Facility Outline : A
. Process Cooler | Low Temperature |
=" Recuperator
ol . | High Temperature
Recuperator

Temperature Turbine
P 1 Process Heater

\ High
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Flexible Test Facility Designed with 7(2{)( ‘E'EEE

Alternate Indirect Cycle Configurations

))

Simple Cycle Recompression Cycle
« Shortest time to initial data * Inventory management

+ Controls & safety « Starting transients

« Component performance « Parallel compressor control

+ Steady & transient cycle data « SOA component efficiencies

* Cycle efficiency > 50%
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A, STEP

STEP Program Achievement Status %S DEMO

» Ground Breaking — October 15", 2018

» Purchase orders issued for major hardware

» Process Heater, Compressor, HTR, Cooling Tower _, , Oug

» Facility bid package release in November

Seal development testing
nearing completion

» Turbine design complete in December

» Joint Industry Program (JIP) — established W

Arrangement inside building

Turbine
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AW
STEP Current Status: ’(((ki ‘E'EEE

Turbine

» Turbine improvements over SunShot
 Increased casing and rotor life, 100,000 hrs vs 20,000 hrs

 Increase bolt retightening schedule to 30,000 hr vs 1,000 hrs
« Design for couplings on both shaft ends

« Improved aero performance with increased volute flow area

» Current activities
* Design to be completed in December

« Long lead material being ordered

o
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STEP Current Status:
Recuperators

» Heatric under contract for HTR vendor
» Evaluating suppliers for other units (3)

» Alternate compact technologies

* heat transfer surface vs. volume
» STEP Is a significant scale-up

» Evaluating performance vs. cost and
plant integration
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STEP Current Status: ’(((ki ‘E'EEE

Other Major Components

Compressor Cooling Tower Process Heater
BHGE TAS Optimus
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A
STEP Current Status: %(((Lé EEIEIE

Facility and Site

Facility design in review — = ﬂ cisng
Bid package to be issued in November
Drainage - i
Ground breaking next week e .
Construction scheduled to start in spring 2019 B ocecs Hoster =
Reserved - "°<#z?é%ﬁs’%s:"°" == Main Building
Space =
L Laydown and
Storage

Pilot Scale®*
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A, STEP

sCO, Step-by-Step Commercialization (S DEMO

e Phase | Phase Il Phase Ili Phase IV
/ 2015 - 2016 2016 - 2022 \\ 2022 - 2027 2025 - 2030

System " y Component " V' Large Pilot I V' Commercial
Definition and Tests and Small Demo Plant Demonstration

Materials . Pilot Plant (TRL 7-8) 5+ years
| (TRL 7) (TRL 9)

Compatibility

) .

Demonstrates: Demonstrates: Validates:
Perform trades « Compressor * Operation at scale » Heat source integration
Define reference performance » Component life » System efficiency
system « Seal operation « Operating parameters « Capital costs
Select/validate « Component Life « Maintenance « O&M costs
materials suitable for - System Operation approaches
use in SCO, and Control

\ .
STEP PrOJECt 10 - ZOMWe 50-100MWe 275+ MWe

Early product off-ramp for 10-20 MWe distributed power generation systems
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A STEP

—

Joint Industry Program (JIP) @~ DEMO

Leverage $84 MM in US DOE funding and $35+ MM in industry funding to determine
how this technology fits into your plans and influence project direction

1. Steering Committee Level - $250k/year for 6 years (or equivalent)
. Input and advisory recommendations to the project team
. Direct participation in bi-monthly advisory meetings, attendance at bi-annual technical interchange meetings
Receipt of quarterly technical status reports
Real time access and use of Project System Data
Opportunity for facility visits and training in system operations
Period of exclusive access to license system IP

2. Associate Membership - $100k/year for 6 years (or equivalent)

Attendance at bi-annual technical interchange meetings
. Receipt of quarterly technical status reports
Opportunity for 2 site visits per year

°
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A, STEP

(
Summary (S DEMD

» sCO, power cycles promise substantial cost and emissions benefits
» Applicable to coal, natural gas, solar, geothermal, nuclear, waste heat
» STEP Demo will demonstrate 10MW, grid-connected sCO, power plant
» Reconfigurable facility to accommodate future testing
Groundbreaking at SwRI in October 2018
» Joint Industry Program allows for international industry participation

» Additional partners welcome
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o A STEP
Acknowledgment and Disclaimer 7~ DEMOD

Acknowledgment: "This material is based upon work supported by the Department of
Energy under Award Numbers DE-FE0028979."

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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\V))) STEP
Contact %~ DEMO

WWW.Stepdemo.us

Markus Lesemann
Director, Business Development, GTI

Markus.Lesemann@qgastechnology.org

+1 (919) 599 4096

www.gastechnology.org
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http://www.stepdemo.us/
mailto:Markus.Lesemann@gastechnology.org
http://www.gastechnology.org/

Turning Raw Technology into Practical Solutions

www.gastechnology.org | Ganesan.subbaraman@gastechnology.org
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