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CALPINE: National Portfolio of Approximately 26,000 MW

\ K Geographic Diversity
‘ East
9,456 MW

36%

West
7,425MW
2%

Dispatch Technology

Renewables

Combined 729MW Simple Cycle/
Cycle: 3% Other
Cogeneration 2,985 MW
6,394 MW 11%

25%

@ Renewable
© Combined Cycle

@ Simple Cycle / Other

@ Under Advanced Development

@ Under Construction €5)

Combined Cycl
(Non-Cogen)
As of 06/30/2018 15,859MW
61%

A Geographically diversified portfolio: Scalein Ame r i ¢ a @anmpatitivespbwer markets

A Featuring one of smallest environmental footprints in Am
A Largest operator of combined heat and power (cogeneration) technology in America

A Largest geothermal power producer in America
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How important Is equipment prognostics

A80+ Plants, several thousand rotating equipment, translating to several

thousand potential failures
I Better monitor thy equipment

ASince 2013Calpine hasbeen using a 39 party Anomaly Detection
framework based on NASAOs ORCA al go
I Blind spots
I No Fault Detection or Remaining Useful to speak of

Almproving on existing methods through a combination of DL and classical
ML algorithms




Anomaly detection vs Fault Classification

Unknown unknowns Unknown knowns

Temperature




Anomaly detection in context

Self-fulfillment
needs

Self-
actualization:
achieving one’s

full potential,
including creative
activities
Esteem needs:

prestige and feeling of accomplishment Psychological

needs
Belongingness and love needs:
intimate relationships, friends

Safety needs:
security, safety Basic

needs
Physiological needs:

, water, warmth, rest

Maintenance! Labeling

_ Sensor Data Collection
Maslow Pyramid of needs




Remaining Useful Life as an odometer




Framework for equipment monitoring
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Improving Calpine Anomaly Detection Framework
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o . Semi Supervised > Model vs
Existing Algorithm KNNRegressor actual
threshold
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Training data samples

New supplemental
Algorithm based
on Autoencoders

Isolation
Forest

Encoder : Decoder

http:// waspsweden.org/custom/uploads/2017/08/ViditSaxeifzenoisingAutoencode20170811.pd
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Framework overview

KMIME Analytics Platform
m
WebPortal

— O

REST API

- O

Schedule
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Appendix




Workflow dTraining ( Keras Network)
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Workflow dTraining (One Class Classification)

/
| .
| £
Getramagaar o | e 13 =
e
B Cotboderiohome s 6t o e

pP——

= -

e 54
Karas Wtk Keras e

e
o
uuuuu e e
s e nton
T e
ot s
Python Learner Python Predictor Column Appender
— —
> B B »
) | (] _. ] L]
\ Node 37 | Node 38 Node 39
Normalizer
—
g
®
Node 21

Calpine Corporation



Workflow oTraining (User Input)

Gatsamag:

pm—
mEE NERE / \M“w llllll
=
uuuuuu
Domain Caiculsior  Normatasr / RusidsaiaFormat OneClassClasstcation

/._.@-—-s.: L A ——
\ T o toseas |
— \ \ AdeOutiar Siaius ScatiarPlots.
GelTrammgOataf Apply Fillers /l mm-\ T iode 70 -
— %
- e i | el
-
T o
— Kt Matwork. [Rp—
st — o e
& —
uuuuu e o e
Nt fre
e =
e

uuuuuuuuuu

Calpine Corporation



