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CALPINE: National Portfolio of Approximately 26,000 MW

N

@ Renewable
© Combined Cycle

@ Simple Cycle / Other

@ Under Advanced Development
@ Under Construction

As of 06/30/2018

N

K Geographic Diversity

Dispatch Technology

Combined

Cycle:

Cogeneration
6,394 MW

25%

East
9,456 MW
36%

West
7,425 MW
29%

Renewables
729 MW
3%

Simple Cycle/
Other
2,985 MW
11%

Combined Cycle

(Non-Cogen)
15,859 MW
61%

* Geographically diversified portfolio: Scale in America’s most competitive power markets
* Featuring one of smallest environmental footprints in America’s power generation sector
+ Largest operator of combined heat and power (cogeneration) technology in America

+ Largest geothermal power producer in America
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How important is equipment prognostics

- 80+ Plants, several thousand rotating equipment, translating to several

thousand potential failures
— Better monitor thy equipment

« Since 2013 Calpine has been using a 3™ party Anomaly Detection

framework based on NASA’s ORCA algorithm

— Blind spots
— No Fault Detection or Remaining Useful to speak of

* Improving 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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Framework overview

KMIME Analytics Platform
“
WebPortal

— O

REST API

- O

Schedule
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Workflow - Training (Keras Network)
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Workflow - Training (One Class Classification)
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Workflow - Training (User Input)
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Workflow - Training (Visualize Model Performance
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2
X
‘e
12 74 =
(/] :t\)
) 5&0 13g . _1'100 3
& o =] -
0 0 & | e, W o & § g
i, ‘_’Q f,v)é' P L) (/@/ s 3
), ) 75 & 7 el ) \ = o
é})"{, A =0 o S',r)? 50 N Gt:? e
7 & el AP ¢ . & g =
o Tsp - = o =
75 <]
Al'bp \l‘-Qla 0 ‘!:-D 2 ‘_ ASS QD\Ne‘
£ Back ﬁ Discard Next ¥

Calpine Corporatio




Workflow - Prediction (Rest API)

TensorfFlow
Network Reader

Mode 2

DL Network Executor

SendJson

Node 79 @
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