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Winners will master data and insights ... At speed & scale
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C|X| & A|CH - Aviation Al g

BEFORE

1 KB /FLIGHT

30PARAMETERS
3 SNAPSHOTS / FLIGHT

Takeoff (average diagnostics)
Cruise (average diagnostics)

Landing (average diagnostics)

NOW

500 GB /FLIGHT

5,000 PARAMETERS
1 SNAPSHOT /SEC

Air Speed Calibrated
Altitude

Cooling Valve Position
Exhaust Gas Temperature
Fuel Flow

Ground Speed

and more...
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Estimated value
over 15 years

(Billion nominal US dollars)

Industry Segment Type of
savings

$308

Aviation Commercial 1% fuel savings

1% reduction in

o 4R X

Healthcare System-wide system $63 B
inefficiency

Rail Freight system inefficiency $278

a:.:é Power gg:;:;i?on 1% fuel savings $66 B

Oil and Gas Exploration and fllz/:)iiz?uaion " $90 B

development expenditures

Note: lllustrative examples based on potential one percent savings applied across specific global industry sectors. Source: GE estimates
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Industrial Businesses:

=
A J

ENERGY RENEWABLE OIL & GAS AVIATION TRANSPORTATION HEALTHCARE APPLIANCES
MANAGEMENT ENERGY & LIGHTING

~$30B ~$11B ~$9B $18.7B $24B $5.7B $18.3B $8.4B
66K 47K 13K 46K 45K 13K 55K 25K
EMPLOYEES EMPLOYEES EMPLOYEES EMPLOYEES EMPLOYEES EMPLOYEES EMPLOYEES EMPLOYEES

2014 REVENUES

« $50B+ Manufacturing Spend
* 400+ Plants
* 1% Efficiency > $500M Cost Savings

Manufacturing improvements are very important to GE
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Jeff Immelt, GE Chairman & CEO
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Today, GE's New Portfolio

Divest Invest + Disrupt
________Industrial
Appliances Capital GE Aviation GE Power Renewables

Synchrony | GE Transportation GE Energy Conn. Thermal
GE Healthcare GE Oil & Gas Grid

Vertical Finance GE Lighting

@ GE Digital

Culture + Transformation

Digital Industrial company

Confidential. Not to be copied, distributed, or reproduced without prior approval.



GE Digital =52 H M E

Applied
.Engineering

Industrial Outcomes

One platform for OT
and IT teams to
collaborate and

innovate

Data + Statistics + Physics —
Continuous, Identify trends Apply asset —
accessible and anomalies and domain
expertise

a aa =) =)
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GE “Digital Transformation Playbook”

GE for GE GE for Customers GE for the World
“Productivity” “Apps” “Platform”

9 Capabilities & Data and

6 Business Model

= o ti Partner
; '::;: elln = In$|:2:f::::re Ecosystem and Culture Innovation
q;’ Change the Game Harness the Go Together, Building All About
3 - Platform Go Far Digital DNA Outcomes
o Corecity Oendsenies e
T k; - [EEEE
i AW
(|—L % | m»‘mﬂ ‘
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(ISR Re-think what capabilities to build to be a best in

Operating L . .
Model class digital company and organize to deliver
Change the Game

Software as a Service

e bliles Horizontal / Vertical Mix Organization Structure
*  Product Management * Determine where and how « Align organization structure
*  Product Engineering prioritized capabilities are to implement the
*  Sales & Marketing executed (GE Digital vs. BU) capabilities
*  Channels & Alliances * Power the CDO to drive
*  Pricing & Packaging mutual accountability

*  Order & Subscription

. GE Digital (horizontal GE Businesses (vertical
. CPQ Execution gital ) ( )
* Licensing & Entitlement

. Service Operations GE Digital CEO & GE CDO —'7 Business CEQs

*  Invoicing & Payment Business CDOs

v Horizontal product lines v Product extensions
*  Revenue Management

. Customer Support
*  Professional Services

v Predix operating system v Incentive plans v Vertical product lines

v Digital infrastructure aligned to GE Digital v Digital business strategy
v Common metrics

v Separate P&L v P&L within each business

v Mutual accountability

v Commercial leadership v Drive Digital culture

v GRC software research
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9 DETEED

Connected How does GE define Digital Industrial?

Infrastructure Elxl EE-I A._I'%-I 7| %4 _;IQ_R _—I_|_g _Q__Jt
Harness the

Platform

E Create a Digital Twin

Serves as the digital foundation.
([ J
-I Enable the Digital Thread
Creates a virtuous loop of continuous improvements.

Business Model Innovation Runs Through the Plant Floor
Create the OT and IT capabilities that enable innovation.
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2B GE Brilliant Factory

Infi o o o|l& o
pHESHECH S A= 7 o RA[AES RIS CIX| B ERI & C|X| & A E Y
Harness the
Platform
Supply Chain
/ Outcomes ) /" Network
V' Downtime 10 -15% :
' Labor costs 14%
V' Inventory 30%
V' Lead time 60%
N Quality - T
N On time delivery 58% Production P , ’\‘\
/
\4\ Throughput J feedback loop
Virtual
Product
Design 7
Design
4 feedback loop
B N
o wse  Manufacturing. . eSS
\ B e ST AT AT R RN UaSITSs Service/Repair Shop
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Data and : HIAI © & =
2 Build Your Own HHA 2 A HCHE
Infrastructure Al ﬁ IEéI %_C;" § E 9_' (|)=|-I _?_7|' El'él:ﬁ |_| I:l'
Harness the
Platform

.8

-

Buy & set up Manage data & Test & fix
infrastructure metadata for scale

]
]
Integrate Assemble data Test & fix for
softwar? stacks :  science team A securlty
¥ ocereenrneenenenneneanes g
Connect sensors & Define Test & fix for
machines user/mobile IT operations
access

Work completed over 12+ months
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Harness the

80%

INTEGRATION

Platform

20%

INNOVATION

* Mostly “waterfall” S
- MH| 2 g - 2ok =y

70%

30%
INNOVATION INTEGRATION
: : EfAARIGIE . |s pM
 “Water-scrum-fall . EI.?_I'IE-,! 2% . %E f_:llﬁc—;_

20%

INNOVATION INTEGRATION
CHEODZEER ES - AAL Paas (platform as-a-service)
IR - AU E 00|32 MH|A
Note: Industry / GE estimates
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Infrastructure Sk 7) 2k H I

Harness the

Platform
YESTERDAY TODAY
Industrial APPLICATIONS Industrial APPS
K
— ar
L 31
n
Hj
S
v.2 v.3 v.4 v.n

B 7150 £
A8 75057t
S25IASLIL.

10 01=2|#|0]d
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Connected L H !

Infrastructure A} % % %H =

Harness the = =
Platform

Cloud-based platform for
Industrial Internet

Connected Assets Industrial Data Management

Industrial Data Science Cloud & Mobile

=H = - GE Predix

Optimized for
Industrial Requirements

Asset Performance Mgmt Operations Optimization

Industrial Analytics Digital Twin

v

Reliability Cost Reduction

Increase availability and Lower operating costs
longer asset life with greater
efficiencies

Risk Mitigation
Lower operations and
financial risk market advancement

Profitable Growth

Increase production for
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Infrastructure

2B OO B Ll SWE=EHZE - GE Predix
o) fe)

Harness the

Platform
How to connect How to manage How to deliver How to protect
securely to any and analyze real-time data and comply
asset from any massive data sets information to with regulations?
vendor? cost-effectively? operators?

Common software platform for OT and IT teams
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Connected ! H ! = AL O
Infrastructure
L8, 28| E, L|=E Outcome? |8t EF M X5
Harness the
Platform
Outcomes
Business Better, faster N
Optimization T Greater Profitability
Operations Deeper o
Optimization et Greater Productivity
Asset Real-time e
: Cyber Security Automation
Accessibility Scalability Predix Platform Ecosystem Custom Apps .

.
L] .
-----------------------------------------------------------------------
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Catalog

Services

T Filter Categories

ANOMALY DETECTION

Trend Anomaly Detection

Munags critical t

PREDIX

e sarims trend detsction,

N

High-Dimension Anomaly
Detection
Check multiale sensors for key time series

anamaly detection.

PREDIX

Low-Dimension Anomaly
Detection

Maintain machine heaith withthis critics

tirne series aromaly detection.

PREDIX

N

Shift Anomaly Detection

Ernble ke time series shdt detection

PREDIX

N

Image-Based Diagnosls
This armbtic uses image festures to cegment

the images through

dustering techmiques.

PREDIX

TIME SERIES

Moving Average Using Time
Serles

Use analysis
= immut e saries e

PREDIX

and forecasting methods fom

ng uriform time

N

N

ARMA Using Time Serles
Thiz method parforme forecasting of ime
series data without trend or seasonalit

whare aarseters are optimized.

PREDIX

Time Sertes Clustering
This mnalytic uses & k-shaps clustsring

& @ o k-means to producs

clusters of time series.

PREDIX

N

Feature Reduction Using
ANOVA

This anahtic

= :l!: cimmts o reduce the '-I!!'.u recthnatane

present for any given poauletion

PREDIX

us=s Pearson cornelation

N

MACHINE LEARNING

Exponentlal Smoothing \
Parform forecasting of tme series dets with
trend and seasonality using exponentia

smeoatning.

PREDIX

& ey >Eparadie.

PREDIX

Logistic Regression Classifier \
Logistic regression is used for classiotion

and is powerful for predicting dasses that

N

Db Deduplicator
This ermbytic compares similarities of rows

inaloozey defined detaoase

PREDIX

Random Forest Classifier

Jandom forestiz an ensemiale classifier of

many decision trees, and cutouts the class

that is the mode :i:'.'l!' autput by individual

Tees.

PREDIX

N

Energy Price Prediction
This super
price for & future 5 days based onthe

historical trend of hourly prices.

PREDIX

zed method predicts the =ne RN

N

K-Mearest Nelghbors Classlﬁer\
The ENM clacsifierisa

supervised learming methed for classification

mon-paramettc

prooiEmL.

PREDIX

PREDICTIVE MODELS

Work Order Topic Detector

corpus ._._!'i. WM Oroers

PREDIX

This anaht :'FI'IC:t'\IE meadntopics :':\'f' a

Jump Diffuston Model Fit

This arebytic is used for calibrating = process

with mean reversion and jump dfusion.

PREDIX

Robust Regression - Tralning
Robeust regre ssion training &= an albernstioes

T I1E8 5T SQUBMES MEEnEISan.

PREDIX

N

Wind Power Analytics
T' SENETCOE CUIETED ENETEY DUTE

grid-connected wtility scale

PREDIX

.:lC:!

wind farm.

Spare Forecast Analvzer
This formeasts spares far & bill of matesinle

baced on the variance of the confiderce and
-.."'5':.'lj": me by part nu

L g

PREDIX

STATISTICAL METHODS AND ANALYSIS

System Malntainability
Prediction

N

Residual Analysls

This ara

TC Cam D& used to v

Maximum Varlance Feature
Analysls

Student T-test

This mnahtc emgloys 8 commeanhy o

)

Finding K for Cluster Analysis \
This

VICE OFLErMarSs TNE numDer of




& Digital Twins: Optimizing Assets and Operations Powered by PREDIX

Waukesha Engine
VHP L7044G5]
Franciszka Karpifiskiego, 15-001 Biatystok, Poland

Manufacturer Part Number o 2 [T
GE P257681 -
2]
Asset Model Company £ i E
VHP LT 044651 X Energy Corp l '
) e @
Serial Number Description
]

45023067 Waukesha Engine in Bialystok, T 3

Poland o N O‘ (@)

i F—

_ S .m!m R
1000 —

Availability Reliability
BOQ =
O7%% 98%
600 —
Uptime Utilization -
100% 97% 2004

0
T T T | T T T T T T 1
(Last 24 hours) - L 2L aL aL 5L BL [ R n an sR &R

Spark Plug Position

A Replace plug SR within 3 days
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(@ £ Turbinew

50/60 50HZ
SC Net Output 397-470 MW
SC Net Heat Rate 8220 Btu/KWh, LHV)
SC Net Heat Rate 8673 kJ/KWh, LHV
SC Efficiency 41.5% LHV
CP Ratio 21.8X:1
Firing Temp Class >2600/>1430 °F/°C
The 5100/3600 RPM ration speed reducing gear is installed
on the generator base plate, between the gas turbine and Exhaust Temp 1146/619 °F/°C
the generator, and provide with the following auxiliary
facilities: Quill shaft with torque limiting device between the
gearbox and generator. Exhaust Energy 1933 MMBtu/hr
OUTPUT 1 v OUTPUT 1
\ 4
\ . A
H a  H
N
y \“5».
v, LHH Lo
LL ‘. LL~
A =HH ‘
— OK 20K = HE

9,965 srukwh

Ideal Heat Rate: 10,000

8,033 sru/kwh

Ideal Heat Rate: 5,000

Tom Edison Log Out

Q

Cases

Sort by v Filter Q

B Turbine Shaft Over Rotated
Lorem ipsum dolor sit amet, consectetuer
ing elit, sed diam nonummy euismod

Vibration Increase
Lorem ipsum dolor sit amet, consectetuer
adipis ing elit, sed diam nonummy nibh

B Turbine Shaft Over Rotated
Lorem ipsum dolor sit amet, consectetuer
ing elit, sed diam nonummy euismod

B Turbine Shaft Over Rotated
Lorem ipsum dolor sit amet, consectetuer

)'Léuub
the power of the drop
RasGas THE ENERGY TO TRANSFORM

INTERNATIONAL LNG SHIPPING CONFERENCE 2015
FEBRUARY 24 -26




PREDIX

Turbine 1.25876 s 6as turmine ts0us

RUNNING 41.5% SCEfficiency (%, LHV) 9,965 Output 1 (Btu/KWh, LHV)
50Hz 50/60 21.8 Compressor PR (X-1) 8,033  Output 2 (Btu/KWh, LHV)

397-470 SC Net Output (MW) >2600/>1430 Firing Temperature ('F/'C) 8,001 Output 3 (Btu/KWh, LHV)
9220  SC Net HR (Btu/KWh, LHV)

8673 SCNet HR (kJKWh, LHV) 1146/619 Exhaust Temperature ('F/'C}

SC Net Output MW/day Case Status [ Priority (2) Work Order (1)

Vibration Increases WO0-128503 LY
/ Priority: Normal Status: In Progress \

® Status: New

Field Service Engineer
Y \/ OverRotated CameronR

® Priority: High

9HA Gas Turbine

Current Output

S Ehciency 14, UG

Turbine 1.25876
=

Turbine 2.2587¢ &

1
:
1

Turbine 325876

9.965 Btu/KWh
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cosystem | c
Open Innovation= &%t & d%&

Go Together,

Go Far A~ .
L) ermftech orAcLe  Pivotal O ROGERS
0] 217}0| S
=2 - = —
—_ 1 — i b (B — ewlett Packa
I, pitneybowes (D & atet GENPACT EY  HewettPackard
b i i'% 7 7 -
E |_§ e FREE ol » PTC
[ J IA_I%A Zol- 7HZ_-|| CHINA TELECOM C[SCQ orange BTQ
o 2| NO| I} E L2} &4 i . :
|—_l— [EU2 Y Softtek’ |nf05ys BearingPoint. ALTRAaN
ERIPEE L
— >
menroiicy accenture , Deloitte.
<7 RN @ Cognizant pjgital
aauhlls P EabnyN iR
— (:‘( TOYVIIT -
Y =l pwelh DAL srce
N incushialinemet
CONSORTIUM Be I I Marubeni d) SoftBank
HE \ b intel
. M Ic rOSOﬁ *a'g‘o TATA COMNSULTANCY SERVICES @
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Building
Digital DNA

How we
measure
our
success

—
@. PD@GE

What we How we
believe do what

N

GE BELIEFS (&
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Innovation

All About
Outcomes

Autonomous,
Pull Economy

New Business
Models

New Products &
Services

* Continuous real time
demand sensing

* Pay per outcome

Operational « New connected . Ens to etr.wd
ili automation
Capability * Products-as-a-service ecosystems . Resource

* Platform enabled

* Pay per Use R .
. marketplace optimization an
* Asset Utilization goﬁware Based P waste reduction
ervices

Operational Cost
Reduction

Worker Productivity
Industrial Data
Standardization (Data
Semantics)

Data Monetization
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Getting Started—How we can work with you

Who we are?

GE Digital Employees
employees across GE

GE

D|g|tal

Digital Expertise

Software developers and architecture -
User experience design « Product
management « Solution architecture -
Data science « Cybersecurity analysts

Goal of being a
Revenue top 10 software
in 2015 company by 2020

Industrial Expertise

Mechanical, electrical, chemical, and industrial
engineering  Material science « Computer science »
Physics « Product management

http://www.ge.com/diqgital
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http://www.ge.com/digital

Getting Started—How we can work with you
Who we are?

OIL & GAS

Maximize Production
Predictive Maintenance
Remote Collaboration
Reduced Risk
Environmental Control

AVIATION

Maximize Fuel Use

Risk Management
Predictive Maintenance
Efficient Operations
Customer Satisfaction

POWER GENERATION

Maximize Production
Longer Repair Intervals
Reduce Emissions
Predictive Maintenance
Longer Asset Life

RAIL

Maximize Fuel Use
Enhanced Operation
Network Velocity
Predictive Maintenance
Supplier Collaboration

E3c=

coeD |.||.I|A I
1 e i
X t".:l

A

POWER DISTRIBUTION

Revenue Protection
Meter Health

Power Quality

Load Forecasting
Predictive Maintenance

HEALTHCARE

Patient Experience
Improved Hand Hygiene
Cost Reduction
Efficient Operations
Regulatory Compliance

 DaNhema] ’

‘daunssan ¢ é ’

P

v he KA
Pl AonMpe. Uy

WIND

Maximize Farm Power
Wind Wake Protection
Outage Detection

Continuous Operation

MANUFACTURING

Cost Reduction
Consumer Protection
Efficient Operations
Regulatory Compliance
Predictive Maintenance

WATER

Operational Integrity
Minimize Water Use
Control Emissions
Minimize Cost

MINING

Maximize Production
Efficient Operations
Safe Operations
Predictive Maintenance

http://www.ge.com/diqital
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Getting Started—How we can work with you

Trusted Partner for your industrial digital transformation journey

Outcomes, Quantify Architect \
Ieve.r.s,_ value solution - o
Participate capal:allltles : ! \ i‘
in beta } P ” i
Align progirams % N ' |
Road;maps i ' ' & q i Professional
| M\—- @n--\’ | i | services,
. P & Partnership global
. _\® E framework, support
| e\ ‘E o change
PO“ \» @ Starter kit leadership
support
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Getting Started—How we can work with you
3 Steps to Get Started

tcomes Digital Industrial
[ oo | EHee— e Maturity Model .
= ==

‘ Baseline Current Digital Industrial Capabilities

‘ Build out Vision + Roadmap with Milestones

‘ Generate Quick Wins
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Getting Started—How we can work with you
Digital Transformation Blueprint Advisory Service

Value Proposition Deliverables

* Strategic offering for customers who want to * Survey + peer benchmarking results

build a roadmap for Digital Transformation _ _ _ _
 Multi-generational + implementation plan that

 Deep technical/operational discovery, get’'s customer to desired future state

benchmarking against peers, clear ROI
* Value case/ROI

* A clear vision for what is possible
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