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GE Vernova Portfolio of Businesses: One-of-a-Kind

CONVENTIONAL POWER

Gas Power
. Heavy Duty Gas Turbines
y Aeroderivative Gas Turbines
. Steam Turbines/Generators

Services

Steam Power

Post Rochambeau

US Nuclear, Global Coal
Steam, Generators, Boilers
Services

 Hydro Turbines/Generators
* Pumped Storage

Nuclear

- Boiling Water Reactors
e Fuel
* Small Modular Reactors

Technology supports ~30%

Onshore Wind

Offshore Wind
e N g |

\.“_ [
|.. |

e 2 -3.5 MW platform
« 5 -6 MW platform
* Services & repowering

* Haliade-150 {6 MW)
* Haliade-X (14 MW)

LM Wind Power

e

« Onshore wind blades
» Offshore wind blades
+ (Haliade-X)

140+ Countries

ELECTRIFICATION

Grid Solutions

P—

« Transmission
« Power Transformers
» Grid Automation

Power Conversion

i

Solar & Storage Solutions

» Qil & Gas electrification
« Naval electrification
- Microgrids

* Inverter platform
 Energy storage system
* Plant contrels

Digital
« Grid Software
» Opus One Platform

- Manufacturing
» Power, OIl & Gas

P
@ GE VERNOVA

ACCELERATORS

Advanced Research

- Fundamental and applied research
« Funded internally and externally

Consulting Services

 Energy consulting services o
GE Vernova & external custemers
« PSLF platform owner

Financial Services

- 3rd party financing support

e.g., Export Credit Agencies (ECAs)
« Direct financing though equity
» Tax equity (US)

80k Global Employees

world’s electricity
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GE Vernova participation in GFM related activities &3 o= vernova
Specification writing

 UNIFI GFM specifications

NERC GFM BESS functional specifications

GCO0137 — precursor to Great Britain Grid Code

IEEE P2988 Virtual Synchronous Machine

Technical papers and publications

Membership in industry GFM forums
« UNIFI
« GPST
« ESIG

GFM DOE projects
« GRID-READY WIND (Award No. DE-EE0010652)
« GRID Services Demonstration of a hybrid (wind, solar, BESS) plant (Award No. DE- DE0009024)

Testing at National Labs
« NREL

© 2024 GE Vernova andfor its affiliates. All rights reserved.



GRID-READY WIND: Reliable and Economical Grid Services & o= vernova
Design, Implementation, and Demonstration at the Great

Pathfinder Wind Power Plant

Project Impact

* Equipped and Empowered System Operators

 Risk mitigation and uncertainty management for
resources dispatch and market product
development for grid services

» Understanding of cost vs benefit of grid services
from WPPs (GFL and GFM)

* Increased adoption of WPPs and standalone
IBRs: removes instantaneous penetration limits
imposed on WPPs

* Increased pace of decarbonization

Onshore

@ndWM%EM;

Grid-forming implementation
Advanced
Grid-foraggs deeg,;grpen t;

System simulation

Q APEX

Wind plant owner;
Demonstration

TEXAS TECH

SIL/HIL simulation, workforce
and curriculum development

“MISO

ISO; Grid services evaluation

HIL simulation, ARIES test

Grid-Ready Wind: A 36-Month;%7_5 Project to Design,

iable and Economical
der Wind Power Plant

Implement, and Demonstrate
Grid Services at the Great Pat

Project Objective: Grid-Ready Wind will provide a novel, innovative,
commercial-scale demonstration of grid services using emerging
grid-forming technology in Type-Ill wind turbines at a utility-scale site
j « No additional balance of plant costs

W

« Applicable ta singular hybrid resout
+ Economical and reliable grid services

\_ bed, performance metrics y

Relevant Prior Work

+ Advanced Grid-Forming Inverter
Controls (DE-EE0009024, GEGR)

* WindVSG 2.5mW Grid-Forming
lab demo (NREL, GE)

+ UNIFI Grid-Forming Research
consortium (NREL, GE)

« Distributed ReStart (GE)

Technical Approach

« Real-time control and system * GFM control and Grid reliability services

operation + Grid-strengthening and inertial
« Integrated system performance  response capabilities
J while ensuring economic viability « Self-starting turbine and islanded wind
+ Limited commercial-scale farm operation
integration and operation data

Program Deliverables

* World's first demo of
grid-forming services at
commercial Type-lll wind plant

« Report with grid services per-
formance results from field
demo and revenue models

« Development of island oper-
ation and restoration services
for wind plants

Anticipated Benefits of
the Proposed Technology

. ; « Enables high penetration of
renewables while maintaining
grid stability and reliability

« Unlocks additional value
creation and revenue for
wind operators

« Retrofittable to existing
wind fleet

« Applicable to offshore wind

J

World'’s first demonstration of grid-forming services at commercial Type-lll wind plant

© 2024 GE Vernova andfor its affiliates. All rights reserved.



GE Demonstration of Grid Services by a 380 MW Wind, & o vernova
Solar and Battery Storage Combined Power Plant with
Mixed Grid-Forming and Grid-Following Technologies

PGE/NextEra’s Wheatridge Plant in Morrow County, Oreqgon:

North America's first energy center to combine wind, solar, and energy
storage systems (ESS) in one location, with 300 MW of wind, 50 MW of

Team- . Portland General + Pacific Northwest solar, and 30 MW of ESS. Jointly owned by PGE and NextEra

Electric (prime) National Laboratory
 GE Research (PNNL) ® pCC
« GE Renewables + University of Texas-
* NextEra Austin - l” ” Z:::::::rw

« Bonneville Power + Portland State

Administration University [ e e !
1 I
(BPA) ! GRID-FORMING (GFM) :
(T T [
: i New GFM ¥
! i Hybrid Plant —| | E :
i == :
i Control . . s
1 I 1 e s 1
1 I ! I I
i 1 ] 1 1
1 : 1 ’ 1 I
i St | | H v
” | : » : ! ; Grid- [%;l
- i + f G'_’ i v ' Grid- E Following sZ8 Grid-
Following i Forming | Wind !’2==l_ )
Wind | Wind i i + =) Forming| - s=smw=t Following
i - = i urbines
Turbines | Turbines + 12 85S | PV +BESS

© 2024 GE Vernova andfor its affiliates. All rights reserved.



Funded by:

S O LA R E N E R GY EN‘E'”“R"‘G’Y Office of ENERGY EFFICIENCY
TECHNOLOGIES OFFICE & & RENEWABLE ENERGY

U.S. Department Of Energy

WATER POWER TECHNOLOGIES OFFICE

Increasing Renewable Generation and System Reliability
through Coupling PV and Hydropower

EAGLE J CREEK

RENEWABLE ENERGY

o 1 1 1 This material is based upon work supported by the U.S. Department of Energy’s Office of Energy Efficiency and
Presenter' ArVI nd lea Il Renewable Energy (EERE) under the Solar Energy Technologies Office Award Number DE-0009342.

The views expressed herein do not necessarily represent the views of the U.S. Department of Energy or the United
States Government.



Hybrid Plant Architecture €D o= vernova
EAGLEGEEK

— REMEWABLE ENERGY —

Optional BESS’\‘

o
7 Solar Parnet

T

Solar PV

g W Substation
-@- PV+BESS Inverter

“acaus

Multi-disciplinary team is architecting building blocks to evaluate and demonstrate at
scale a robust, reliable and cost-effective PV/Hydro Hybrid System (PHHS).

© 2024 GE Vernova andfor its affiliates. All rights reserved.



Location & cc vernova

Cnl;ory

« Yadkin Project, a series of four
hydroelectric  stations, dams and

Winnipeg
o

reservoirs along a 38-mile stretch of the
Yadkin River approximately 75 miles
outside of Charlotte, North Carolina.
R ks sed
« The four stations are High Rock,
“" et Tuckertown, Narrows (Badin Lake) and
Sy e A TR Falls.

 The chosen station is Tuckertown

« Tuckertown is a 38.04
MW facility

« Commercial operations
began in 1962

* [t has three 12.68 MW
Kaplan turbines

Yadkin River, North Carolina, USA

© 2024 GE Vernova andfor its affiliates. All rights reserved.



Down Selected Hybrid Controller Overview €D o= vernova

Hybrid Controller Platform

Optimization Functions Real Time Functions

|

Substation
Switch Yard

[EE =i B

¥ i
z
0: %
88 Simulated
Solar PV === ——

Ground Mount MW Scale Battery Utility
PV Energy Storage Electric Grid

Controller provides fundamental communication and control capabilities and additionally, offers high
© 2024 GE Vernova andforitsafﬁliates.AlIIJh%%iQLLity and Scalabllity to CUStomlze the plant Contr0| for PHHS'



On site installation

|

T v gy Mursegervent £yt
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| e, ey ]

* Isolated from NERC * -
CIP network | =

* Nonroutable DNP | — =)
connection o =

* Data configured on
both sides of DNP
connection H

—-

. &

* Secure VPN remote |
access

*  GE OT network |
restricted to MQTT
and VPN server.

-

Aty A T

U mc

!
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GEV ARC CHIL Lab Validation Update €D oe vernova

= Generic PHHS HMls developed = Controller configuration completed
. I = Generic PHHS modeling complete.d (3 = Optimizer conﬁgqrahon completed
LR <erver hydro units + 1 PV + 2 BESS + Equivalent ® Solar forecast v.ahd.ated
grid) = DNP3 communication to PLC
= Modbus TCP communication is completed ~ validated
FBEBIoKer (@) Real time controller (5 Optimizer @ Hydro PLC

| public 10.178.X.X - LE
* network l19o.168.x.x 190.168.X.X 190.168.X.X
GE network ' I Lab LAN
10.178.0.0/16 @ HMI Workstation 190.168.0.0/16

]
= B

=
10.178.X.X 1190.168.X.X
” ! ) (2) RTDS rack (3) GTNETx2 (Modbus)
190.168.X.X 190.168.X.X

© 2024 GE Vernova andfor its affiliates. All rights reserved.
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A Global Optimizer + Real Time Controller Solution €D o= vernova

~

Day-ahead PV power forecast > PHHS PHHS Hydro setpoints PHHS

optimizer Baseline controller assets
schedule

acac 23 ' ,
Day-ahead plant target 30: w BESS charge/discharge

PV curtailment

Real time monitoring

Map Quest ~ Waze plus
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Funded by:

MQTT Message broker architecture

The team has set up MQTT message broker to

facilitate data exchange.

= PV forecast data collection:

QCELLS server (publisher) -> broker -> PHHS

controller -> Optimizer

= Sjte data collection:

PHHS controller (publisher) -> broker -> QCELLS

server

Site Workstation

-
MEMS
A
BN T
) PHHS
Site network
* -
%\/ 7 |
EAGLE CREEK MQTT BROKER ~ QCELLS

This presentation may have proprietary information and is protected from public release.



SOLAR ENERGY
TECHNOLOGIES OTFICE

nmsimant s Fnes;

(3) GEVERNOVA

Tabs Events Alarms Points  Communications

PHHS Status Total Load Total Gen POI PHHS Utility

@ | P 00OOMW | P 0.33MW | PF 0.67 ‘ v 100.00kV | v 100.00 kV
Q 0.00MVAr| Q@ 0.36 MVAr ' f 60.00Hz | f 60.00 Hz

PHHS Hybrid Controller Current: Previous: “ Operation Assets e (@]

Main Control Mode Selection

Secondary Control Functions

Grid Connected Mode PF Working Mode Limit High Frequency Support

) ( 00MW  20MVAr  00LEAD
) . Voltage Support

P Dispatch Mode Q Dispatch Mode Setpoint ,

) X ) | oomw  oomw om |

P Working Mode Q Working Mode Limit Low

Setpoint ) T 120MW  -240MVAr  0.80 LAG

Single Line Diagram

s oo Q@ % St

0.2 MW
-0.0 MVAr
| . 0.3 MW
| |_-0.4 MVAr|
8.8 MW 0.1MW
0.0 MVAr| | 0.4 MVAr

Utility

OFF Status OFF
GF Avallable

Hydro3



Typical Hybrid Control application - Energy Optimization = & cevervow

$ RT Grid Pricing

mmagmmm - 9Ahr Solar Forecast

lzill BESS State of Charge
8

24hr Load Forecast

2 ill 24hr Generation
-ﬂ Forecast

Optimizer

- Opt. Mode

‘ Asset Capabilities
Asset Status

24hr, 15min Granularity
Optimization Plan

Example — Economic Dispatch

Output

Lo Uk e A L S e
10 15

Charged BESS during Low Grid Prices Discharge BESS during High Grid Pricing

13



Varying solar irradiance, temperature, and target profiles & c=vernova

PHHS operation simulation with varying profiles

14
PV hydro mutual
compensation
12
10 -
8

Power (MW)
(o))

. PV curtailment No PV curtailment
2 |
0
O T o N O NSO N O T TON O OCCOON O STON O OSSO N O NSOONOSTSTOOoON O OSSO N
00O O N MO O MNLOONOODOMNNSANCHOODOOVOSNEHODLOVOUWLM MWMWOININSSSNOONMS AN o
N TR MO TR NNOY NG AN 4 O0RNANGOMTd JANONT g RN ANO g X
_2 =MW O N O AN MW 400 O NI INNOOANMMOOMNOIDODODCE RS OO NSO AT MmInMN~NLOVOoOANM
M O O AN "d O AN INMOMST OO0 AT FTOMMNSNO OO O AN O NN OO 10 A NASS NOMANOMO
— — N N N nomn < < mn wn wn O O O N~ N~ 0 0 0 O OO OO0 dd A AN NI MMM
™ 1 ™ v — — 1
Simulation time (s)
—Target Hydro output =PV limit PV output =—PV+Hydro

Hybrid controller dispatches PHHS following power target observed and responds to PV

intarmittancv within thea Aanaratinn ~ranctrainte



PHHS Control Setup in the Powerhouse & o= vernova

Rack placed in Tuckertown plant power Controllers powered up and customized HMI

| e

Secure remote access and connection to station PLC is set up and under tested

© 2024 GE Vernova andfor its affiliates. All rights reserved.
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Funded by:

SOLAR ENERGY Increasing Renewable Generation and System

TECHNOLOGIES OFFICE o oge o
| U, Bepekmenbf s Reliability through Coupling PV and Hydropower
Eagle Creek RE, Award #: DE-EE0009342

Ll gselet i Office of ENERGY EFFICIENCY
ENERGY = R(EI';EWABLE ENERGY

WATER POWER TECHNOLOGIES OFFICE
| Bk QCELLS

RENEWABLE ENERGY

Optimal Dispatch and
Scheduling

Economics, maximize
renewables, energy shifting,
and maximize battery life

Ability to incorporate real-
time asset status and o
operating values fe: SRS
| Tt \w
Event driven optimization - '» R~
Reduced operations & &

maintenance

‘E?:

\ ~
<
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