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Agenda

* GE History
* Industrial Al Introduction & Motivation
* Energy Transition Drivers

* GE Industrial Al examples for Energy Transition
« Wind Turbine- Early warning Prediction (physics + ML) and Industrial Inspections
- Humble Al and Wind Turbine Performance Optimization
- Al for Power grid with inertia prediction and management

- Power Grid Al-Based Vegetation Management

* Q&A
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GE History... Tackling the World's Challenges for 130 Years

Enabling a better quality of life Innovating technologies and redefining what'’s possible

1957 1962 1969 1983 1992 1995

1879 1896 1910 1927 1942 .
. i i World’s Technologies .
First Incandescent X-Ray Machine First Electric First Home TV First US Jet First US Licensed . . 8 MRI MARS GE90 Aircraft
. N Nuclear Reactor First LED for First Moon Observer Engine
Lamp Range Reception Engine Landing

- Building a sustainable tomorrow

|\

2002 2009 2014 2015 2016 2016 2018 2019 2020 2021
Wind Power VSCAN-Handheld Digital Grid HA Turbine  Clinical Command CFM Leap Leading Nuclear Haliade™-X OffShore g:g.x Healthcare Edison
Business Ultrasound Industrial Internet Center Engine Design-SMR Wind Turbine gine Al Platform

( \ ( World's electricity

{[ko
Q\ P.assengers flew & o ? ¢  Commercial fights GL 0/_ generated with 2 20 s
Q\ ~3 B with GE technology OULol powered by GE or N ~30 /0 the help of our \/ ) et
' g under wing in 2022 {Ibo 4 JV2engines o technology GW base
Every Wind turbines § Global utilities
A GE or Jv-2 : installed > 50 P 7 30 0/
: > High-voltage, MW : & served by
GE Aerospace 7 2 et gh qst Zmmii | | GE VERNOVA 'L 54K eme® 20 307 T2,
takes off &4 Hybrid Electric test in U.S."
K seconds J K /
(a— Includes equipment made by CFM & Engine Alliance joint ventures (0 - Source: American Clean Power Association 3
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Al Technology for Industrial Use Cases

Artificial Intelligence Industrial Al Application Examples

Ability to sense, reason, learn and interact
Predictive Maintenance

Knowledge Representation _ - . .
Early Warning Prediction Damage Prognostics Inspection Services

Speech & Reasoning

Recognition Computer

Vision
Machine Learning
Natural Ability to learn from data
Language

. Business and Operations Optimization
Unsupervised

processing Supervised

Network Optimization

. : Forecasting Operati Optimization
Semi . perations Optimiza
Supervised Ablllty to deteCt’ RERCEE] ormancs Ferscasting e
predict and optimize B ' p
Active Transfer =g 35 it
Learning Methods: Random Forest, Learning | = =
, SVM, Regression
Trees, Neural Nets, etc. Automation & Controls
Digital Ghost Process Insights &
(Cyber Protection) Controls & Optimization Automation

y T heaced 1900
Best atatic policy.
o

Industrial Al: Application of Al to Industrial challenges for
productivity improvement, cost reduction, asset
optimization, safety, and risk management.
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Industrial Al Applications & Challenges

Industrial Applications
Manufacturing Asset O&M Customer Service

Design Optimization & Throughput, Quality & Safety, Asset Mgmt., Cust.omer Experit.an.ce &
Materials Discovery Cost Operations Opt. & Control Services Productivity

Industrial Al Challnages

Low No. of Events High Cost Interpretability Domain Ontologies Expensive Robustness
/Transaction Labeled Data

TRUE
FALSE

Industrial Al Key Elements

v : ,
v'Rare event ready Safe & robust v Continual learning

v'Explainable v'Physics-informed
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Advancing the Future of Energy

Energy Transition Drivers and Dynamics

DECARBONIZATION DIGITIZATION DE-CENTRALIZATION ELECTRIFICATION

-
1T
X
(2 4 -
< [
4 Renewables Growth - + Expongntial Growth 4 Growing Penetration 4 Electrification Growth
30% in 2020->70% by 2050  Of connected devices &smart sensors of Prosumers, Microgrids, of Energy Intensive Uses (e.g,
Carbon neutrality by 2050 Energy Internet, Digital utility Distributed Energy Resources electrified homes, transportation)
1/3 OF THE WORLD’S ELECTRICITY
12K 54K 30% World Power
g TURBINES WIND TURBINES ELECTRIC GRID SOFTWARE
7K+ gas turbines, representing GE'’s Haliade™-X turbine, the 90% of power transmission utilities
800+ GW of power generation world’s most powerful offshore worldwide have been equipped with GE
wind turbine technology
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Al Technology is Vital for the Energy Transition

ENABLING MORE RENEWABLES DECARBONIZING THE PLANET

.\

US POWER SECTOR €O (Million Metric Tons) | - - BE B '- . .
\ |

U.S. Annual Additions of New Electric Generating Capacity

2,500 Total US CO, Emissions

Wind tWhrs

% Total generation

Gas enabled
redu

~2,000
tWhrs

Percent of Total Capacity Additiol

@ Other PHEV

@ Other BEV

US power sector CO, . 33% from Peak:

@ United States PHEV

Coal: From 50% of TWh to 24% 4
Sower: LMoo Machence Power A . @United States BEV

Gas: From 20% of TWh to 37% g ©Europe PHEV

Wind + Solar: From 2% to 9% of TWh 4 ‘ @ Europe BEV

@ China PHEV

@ China BEV

201 0 2021 2030

2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

() g e & »
=

Al technologies for sustainability and generating more business value



Early Warning Prediction

Otétcolme Uz Machine Learning Machine Learning ML+Physics Impact
° int ti - _
. L.?antij);g;s;agc o on Raw Data + Physics Model * Early detection

* Faultisolation

— ol |
’// _ '{J
Raw Data Virtual Sensors  Transformed Data Anomaly Model
o 1“ 3 \
\ L I \ N
{ * \'\
- S iy _“MAA\,\/J
= \l =
2 o J\,W Yl\ /
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Early warning for failure prediction and diagnostics to reduce unplanned downtime

:
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Inspection campaigns turning reactive blade exchanges to proactive blade repairs

Image/Video Summarization

-
N

Al model processes to

9000 frames per turbine 150 frames per turbine

Defect Detection, Classification & Measurement

Defect Identified Expert Validated

Al defect models highlight
areas of concern

Experts validate &
refine model

~

Inspection data enabling digital twin development and continuous learning and improvement
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&

Accelerating Business Value | Increasing adoption with Humble Al

An Al that is aware of its own competence and improves its competence via learning

Adoption
e

In Region of Competency -
use ML model

Humble A

Wind Speed

Outside Region -
Use known deterministic algorithm

24-hour cycle

v

Use Humble Al to determine when to trust DTs and relinquish control
to a safe default ensuring safe and reliable operation (ML + Active Learning)

Perform safe exploration &
Learn from new data -

Expand region of
competency for twin

Wind Speed

24-hour cycle
Tested on 69 Wind Turbines; Potential to improve 0.5-1% AEP

© 2023, General Electric Company Proprietary. All Rights Reserved. 10



Industrial Al for Wind Turbine Performance

Producing More Renewable Energy

Goal: Dynamically optimize individual turbine settings to
unique wind and site conditions.

X

......... ; | (" Humble Al
- : ” ' Prediction

. — ) Tuberce | — Optimization Outcome with

& ol g O ] ,_ A | & ALk uncertainty or “l don't
3 | | performance under know”
& digital twin competence
3 constraint Prescription

0123 ‘zTiinse?:oz::)u 12 Infeasible Control |nput
1 Robust
baseline/

Use Humble Al to determine when to trust DTs and relinquish contro
to a safe default to ensure safe and reliable operation

Potential to Improve 0.5-1% AEP improvement
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How to Validate Benefits of Upgrade

Improved Power Output Wind - Upgrade Improvement Quantification

Goal: Make Better Uses of Wind Resource Through Uses neighboring turbines as “Virtual" Metmasts to build
Cut-in Run-up Rated power Cut-out M a C h i n e Lea rn i ng m Od el
U pgra d es . Simplified example of statistical
= - - solution:
- 2 WTG1 kW= a + b* +c*
/‘30'03%}::8‘:‘ = +d* +e*

’
Machine Learning determines coefficients
a,b,cd e,

R N
‘ s SRS
‘\§ S
)\

i Stepwise Linear Regression, M5’
s o LS e TR Random Forest, SVM, Neural
ke AEP = [ PowerCurve(XdWind(X) bl By * o lo l:ryb::f:felnnct:r:usrtb.nes Networks
ndspess | o :sf”_mo_s.z @ Remainder of Farm
G Wind Tubi time=ric0isec ACUSIM C
R T P\ Data Driven Output Physics Simulation

1.1% - 1.6% AEP Improvement

200 4 Power increase with VGs on GE37C
150
100
85 .
X 2 50
= =
g : 0
s o0
o § 3 4 500 1000 1500
é g -50
v =3 &m’ -100
~ —Clean Model
: -150 —Rough Model
—Field Data
-200 -
A { i Power (kW) Power (kW)
0 500 1000 1500
. .
Wind turbine blades stall at low

Vortex generators concentrate

wind velocities flow (1-2% AEP Improvement)
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Renewables/Distributed Energy Resource Growth

Connecting More Renewable Generation and DERs to Power Grid

PV

Wind

EV Charging
Batteries

Heat Pumps

Smart Thermostats
Microgrids

(etc.)

JIONE

e -

Bulk Generation Transmission Utility Operations Distribution Utility Operations Behind The Meter
‘ Aggregators & Virtual Power Plants

WHOLESALE RETAIL T

(—)

9;.‘@

Generation Utilities | ' Transmission Utility & Market Operators g Distribution Utility Operators
r @ PLANNING
& MONITORING
@ OPTIMIZATION
3‘* REAL-TIME
CONTROL

- SCADA & PMU Data GIS Model Data Fabric Artificial

DISTRIBUTION MANAGEMENT DER MANAGEMENT

TRANSMISSION/ENERGY MANAGEMENT

\

Applications

- Network Physics Model State Estimators Forecasting Engine Intelligence Optimization Engine
DATA & Data Integration Z=R+jX - == e p—
1 )/ — .
\P DIGITAL TWIN Meta Data & Lo p |\ 0L Lt — | ( e
FOUNDATION External Data Network Model Semantic MerIing p [4;:{ TZ, Z;:V} " e L 't
Data Curation 2 2 -

Data Federation

Al Will Play Vital Role in Enabling Electric Grid Reliability, Resilience, and Affordability
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Al Example for Inertia Monitoring and Prediction

Prepare the Grid for High Renewable Penetration

Balancing The Grid

Machine Learning for Inertia Monitoring,
Power Consumption P — Power Generation Prediction and Management
] 60 Hz

59 Hz 61 Hz O x GE Digital effective area inertia measurement system

CH 2 h —~ T T~ % £ 9 Y

A o e 4

Effective Area Inertia

Region = I g:rr:‘ear:?i:n
( Load \ / Generation \ B : ?rit;r:‘ia"rz'ycircuits :‘::r:'.'r"; i &
C C ) )

f Energy
N Phasor Measurement Inertia = Management
\ ! wm | Unit (PMU) } Metering System (EMS)
vV ‘

Event-Based Validation 5

Region + System inertia
High Inertia Ambient grid Business as usual Scalable secure WAMS Real-time, planning,
behaviour WAMS data platform (premise /cloud] post-event
Low Inertia

High Renewable Penetration Driving Stability Issues

Last update at 2022-04-29 15:15:00 2 minutes ago

Cost of Managing RoCoF in GB

. (Financial Year ending 20XX)
§id lncreasnn? % of 400
non-synchronous

df eneration =300
RoCof = : s
- 7&1" 200
e — Q
== © 100
N 0
1 FY17 FY18 FY19 FY20 FY21
RoCoF ~ ———
Inertia

Source: https://www.naspi.org/sites/default/files/2021-06/20210630_naspi_webinar_system_inertia.pdf
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Industrial Al Example: Power Grid Visual Intelligence

Bringing diverse data sources to generate deeper insights and outcomes through Al and digital twins

Al-Based Vegetation Management Risk Management & Cost Reduction

Operational/Weather/Reliability 5
Outage Reporting History
‘ VEGETATION MODEL -
!

4 N

Trim and Veg Vendor Data

Conductor

5 i £ & . I
5C|aSS ,.,.Catlons Vect0r|zat|0n ind GIS — Asset data Feeder/Segment Risk HIGH
Nk Feeder/Segment Risk LOW
— — ieeger;:egmen: I:s‘l: 'L;);V)
c'ln'““" Gl eeder, eg:n is!
[ Weather information ] TRIM SCHEDULE

S:;ellihe/Aerial Imagery

Comparing Survwval functions between kow.
oy
2 L ot tise I s . & v <
¢
o \ /

Gl‘OWth Encroachmen
Prediction W Risk Analysis

http://www.classic.grss-
ieee.org/earthvision2021/papers/Jain_Combining_Remotely_Sensed_Imagery_With_Survival_Models_for_Outage_Risk_CVPRW_2021_paper.pdf

* Expected 30% Reduction in Tree-Caused Outages Expected 27% Cost Savings in Veg. Mgmt. O&M
* Improved Major Risk Mgmt. Wildfire, Safety Risk, etc.
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Summary

Al has several energy use cases today and a promising path forward

Power Grid
Digitization

Low Compute Cost

Sustainability (Zero Carbon)

[ Al will shape the future of energy... government, academia and industry partnership needed }
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Onshore
Wind
Power
Offshore
Wind
Power

Thank You!

e o Hydro ML
Solutions ”’ Power -
-
Energy Nuclear
Financial Power
Services

Power
Conversion

The Energy to Change the World

Digital




