Enterprise Pl Program

AZ Public Service QAPS) uses the Pl System
to transform O&M of 10 Utility-scale solar sites
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Today’s Talk

Naren Koka
. Senior Solutions Engineer
¢ Update on APS and Enterprise Pl Operations Information & Strategy
» Solar Monitoring Solution Overview
Pat Kelly
» The Business Perspective Program Manager (KBC)

e Summary _
Jeremy Garcia

Supervisor Operations & Maintenance
Distributed Energy Resources Operations
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APS by the Numbers

Arizona’s largest utility
Serving the state since 1886

2nd largest generation in western US
CAISO Energy Imbalance Market since 2017
5 new fast ramping units at Ocotillo

1,400 MW solar production (ranked 5t nationally)

Q47 |Investing in energy storage (141 MW in 2020; ~ 660 MW solar + battery by 2025)

PI World san erancisco 2019

Serve 1.2 million homes and businesses
Expect to add 340,000 customers by 2030

s

Peak Demand ~ 7,300 MW
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Enterprise Pl Program
2017-2018

 Additional solutions (Feeder, Unit Monitoring)
 Additional data sources (AMI, ADMS, ...)
« Enabling users; governance

2016

* Initial solutions
é « Additional data sources (SPP, Smart Grid, EMS)
* Unlocking data & enabling users (user groups)

2015
O . Enterprise Analytics Strategy / Vision
_.---'}  Established foundation, data accessible
0X™ . EAagreement

2013 - 2014

« Generation, EMS data silos
 Lack of analytics framework
e * Maintained by Pl Support team and local super users

g" 0Slsoft
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Enterprise Pl Program -

Reliable data
in context

ﬂ%ﬂ.

Foundation for
broader analytics

0Slsoft

PI World san rrancisco 2019

Looking Forward

@ %
) ®

Sustainable solutions
that add value

User aligned
roadmap

LZ

J

Self service
and adoption
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Delivering Value |

User Adoption
cb:&;%, &:&j’z’s
& ~db 1\ & ~db

Power User Group Training T&D User Group

EE M&T PI Tools EE Generation Pl Tools EE Transmission Pl Tools EE Distribution Pl Tools

DER Solar Monitoring Fossil Unit Monitoring Transmission AF Model Distribution Analytics Advanced Grid Devices
Increase production Heat Rate updates Improved data access Reduced data gathering 100’s of 2 way CAP, REG
Reduced time Unit performance metrics Load scaling visualization Improved planning 100’s of SCS

monitoring, creating One version of the truth Situational awareness 1000 Fault Indicators

reports & work orders Increase AGT device avail

ADMS (Day 2)
Seamless cut over

od L) T ()

Trading Renewables Generation Transmission Distribution Adv Grid
OSlsoft.
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Transforming Solar Site Operations

{C}}' Existing Pl based system in place
Ites are dirreren
s

= + Manual monitoring, work order creation

]

2
E@i Lack of clarity on current issues

g Reporting is time consuming and limited

L 1
I \
[ \
I \

L A

&'1 0Slsoft I
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og Updated solution
b

ﬂ’ Common AF model across sites

Improved visibility & situational awareness

A
%]—) Consistent monitoring; streamlined work orders

lixaid | : ;
‘_E mproved reporting and analytics

10 sites
210 MW capacity
268 inverters

2'900 trackers #PIWorld  ©2019 OSlsoft, LLC
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Overall Solution

Monthly Report

X

(Excel)
[ [TI Dashboard Manager
=
B T 8= Rk
“T Pl Vision
RTAC @ PI AF Situational
Awareness
Pl Archive [ > %0 Analytics
(‘ —— - % Event Frames Engineer
=
gf)_, EE:{QI T | D] Email
= =
— D> % Notification
Technician PIML | ==
> Maximo (CBM) :)
S o
= Technician
> = > Analytics (Power BI)
2 BA Integrator
= oY ¢
> % P i Geo Spatial View (future)
ESRI Integrator QLZ/
0Slsoft.
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Monitoring Solar Assets

« Consistent monitoring across sites
* |[dentify root cause
 Diagnostic views

Capture significantevents -
° Enables asset Comparlson / HY2-PBG-INV 1 Inverter Performance Health Logic

Output Value Notes
Status - Perf Health' Low Output Value
Output Power 696 «

All Inverters Avg Output: 923 « e
=0
695,87
Logic Path D Low 5 2
=, & p
 Comms. '—b & Comainers. “ofr
= oK? = ok

1 = Breakers ALL closed, NOT in Planned

1 No
o

L 3

A 075 3
L nverers: = Trackers
o s v
& 923
ol
“Low”™
s
et 1
Vision
ons?

Sunrise: 062504  Sunset 18:51 12
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Situational Awareness

View all

View of fleet — production & issues for all 10 sites _
i _ inverter events N

aps  Solar Sites

Dz|Ds Dz 2z Dz

2192|192 (9) 32| 931 92| 5%

& Select site
& of interest
NNNNNNNN o o

Select inverter
of interest

HY2-PBG-INV1

View of production an

: d issues
- : Inverter performance health

< o

View of inverter and all related trackers & combiners

0Slsoft
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The Fleet at a Glance

Solar Sites « AdHoc Display  [{] v
r_ aps Solar Sites Inverter Events ~ Tracker Events DCCombiner Events  Transformer Events
Power Inverter
Actual Capacity Curtailment  Main Breaker Total Average Availabilty Inverter Errors Tracker Errors POA Temp Wind
CHV 16.2 MW 19.0 Mw All CLOSED 15.5 MW 674 kw 26 1,24 0/ 76 879 Wim2 52 °F 0 mph
Chino Valley (A £ 0
CCs 1.1 MW 17.0 MW All CLOSED 10.5 MW 339 kw 86 5/ 36 12/ 108 634 Wim2 76 °F 11 mph
Cotton Center m m m
DSS 9.6 MW 10.0 MW All CLOSED 9.6 MW 685 kW 100 0/ 14 0/ 35 721 Wim2 80 °F 9 mph
Desert Star m m JC\
FHS 348 MW 35.0 MW All CLOSED 36.2 MW 647 KW 100 1,56 D/ 178 869 Wim?2 81°F 5 mph
Foothills O\ m m
GBS 34.7 MW 32.0 MW All CLOSED 353 MW| 1,103 kw 100 0/32 0/ 96 817 Wim2 81 °F 7 mph
Gila Bend N A [
HYD 10.7 MW 16.0 MW All CLOSED 10.8 Mw 319 kw 100 0/ 34 0/ 68 ATT Wim2 84 °F 6 mph
Hyder m m
HY?2 9.3 MW 14.0 MW All CLOSED 94MwW| 1,174 kW 89 1/9 5/ 54 634 Wim2 81°F 10 mph
Hyder 2 m m
LUK 7.6 MW 10.0 Mw All CLOSED 6.7 MW 533 kW 100 0/ 14 0/ 35 612 Wim2 80 °F 6 mph
Luke m Q
PAL 8.2 MW 17.0 MW All CLOSED 7.9 MW 273 kW 100 D;29 D/ 0 271 Wim2 74 °F 8 mph
Paloma m m
RRS 40.9 MW 40.0 MW All CLOSED 373 MW, 1,866 kw 100 0/20 24 2,291 800 Wim2 7T °F 1 mph
Red Rock m Q
Cap. Factor
Total 1824 MW  210.0MW 87 %

3/28/2019 5:00:53 AM < 1d 12h ’- Now 3259/2019 5:00:53 PM
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Site Summary

Solar Site Summary - HY2 ~ Asset |Hyder2 ¥ Bﬂ Moy

Site Events  Solar Sites

. aPS  Solar Site Summary

Qutput
o] 10.6 MW ) A-1 B-1 C-1 D-1 E-1 F-1 G-1 H-1 I-1 Chino Valley.
Capacity 14 MW KW 15917 1,497 1 1,317.1 Setto Bad 1,218.0 1,355.8 1,020.7 1,3781 1,236.4
tf = 755 Inverters ® Cotton Center
Capacity F. 6 %
A TracKers ® o [ [ ) ) [ ] [ Desert Star
Curtaiiment Dce ® ® [ ]
Foothills
Breaker All CLOSED
Gila Bend
POA 710 wim2 | Temp 81 °F
Hyder
Inverter Ermrors 149
Tracker Errors 5 ; 54
1racker Crors ! Luke
) : 153
DCC Errors 24 Paloma
Transformers 0/9 Red Rock

Weather Alarms

Comm Shelter A

Output AC Power

[ 1800 Hyder 2|Inverter Power - &

1
! 1,326.8 KW

1800

TP
! 1

F1,400 | g
k1,200
h - INV 1]Output
J
F1,000 | - INV 1]Output
J
1 .
Fsoo : B
1 - INY 1 [Output
Fson N
HY2 - PB H - INV 1]Output
: 1,402.7 kW
400 y HY2 - PB I~ INV 1|Output
! 5 KW
1
200 i
1
0, - - - - ; . . . .
3/28i2018 5:06:58 AM 1d 12h 3/29/2018 S:06:58 PM
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Diagnosing Inverter Issues

Inverter Detail ~ Asset: |HY2-PBG-INV1 ¥ « AdHoc Display — [{f] v
. aps Inverter Detail Hyder 2 HY2 -PB G- INV 1 Solar Sites  Solar Site Summary
Input DC Voltage Status ﬁta:[;lst— DC Switch Output AC Current | | Qutput AC Voltage B
DC Current Inputs 667.0 0 bata AC Current Qutputs 1,763.3 N/A
Input DC Power Inverters ;aug (iode 1 ﬁtagsl- AC Switch Output AC Voltage A | | Qutput AC Voltage C
10,807.0 obata o bata N/A N/A
Tracker [
Fault Code 2 Status - AC Switch Disc
DC Current Inputs DCC No Data No Data Tracker
ID Power Current Perform
1D Angle SP Inc Angle o 5 Median
G-101 711 107.0 S = ﬁngh’ Mz
G-1.02 329 49.0 /-f 07-01 00 0.0 ?—L'=$7‘L‘ OK ®
G-1-03 742 112.0 / \ jﬁg‘ﬂ_u_u_._u_l_i:&_‘_‘..‘
.if 80 A
G-1-04 23.2 35.0 f | 07-02 454 450 o | oK
G-1-05 324 49.0 | l
I r
G-1-08 60.7 90.0 ! 20
G-1-07 580.3 a2.0 | n in o nlla 0o - | TR 454 37 B e
. . 3/28/2010 5:08:20 AM 1d 12h 32072010 5:02:20 PM :
G-1-08 726 109.0 T fH
| 8 I
G-1-09 338 51.0 Qutput AC Active Apparent Reactive Factor Bat 0.0 0.0 _F[f_f_:‘_r"_‘\ oK ®
G-1-10 746 113.0 Power 1,015.1 kw No Data No Data 1.0 na o/ L]
20 A
Gl e Y 07-05 454 450 oK
G-1-12 358 54.0 l
G-1-13 37.7 57.0 AC Voltages | 42 C CA [= A
No Data No Data No Data g d Ok
G-1-14 335 50.0 2t g O I ®
|
G-1-15 258 39.0
G-1-16 252 38.0
Heat Sink Intenor 1 nterior 2 Intenior 3
G-1-17 27.8 42.0 Temperatures | No Data e B W Bt
@ Bad Data Ok @ OFF/Not Ok Perfomance Problem | @ Bad Communication j‘ Planned Outage

3/28/2019 5:08:20 AM < 11z [P [ Now 312912019 5:08:20 PM



Streamlining Maintenance

aps Solar Site Events
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Detect event based

on monitoring
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Notify for high
priority events

Analytics  Event Frames

0Slsoft.
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High priority events

.-
R Email notification

Update meter * Monitor meters

> O— —
Event detected for asset Service m
v f - INV = OFF

Meter ID

Meter Value

Maximo Asset ID

Change Date

Remarks (additional info)

* Use characteristic meters — Pl detects the conditions

View and manage
work orders

|
|
I Condition
| Based
I Monitoring
|
l Create work
order based on
ﬂ PM, meter
value
Define PM for
meter / asset

#PIWorld  ©2019 OSisoft, LLC
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Analyzing Solar Events

* View events across sites, over time
« Support slicing and dicing

12/1/2018  3/19/201%

Oo———=O

33.65K

Element Type v
CommShelter
DC Combiner
Inverter
Site
Tracker

Count of Event T

pe by Event Type and Event Type

Event Type @2019-01-1.. §2019-01-3... @Alarm Doo.

2019-01-18 08:27:00.000
2019-01-31 10:16:38.911
Alarm Doer Opened

Alarm High Temp

Alarm Oil Level ——
Alarm Ol Pressure
Alarm Gil Temp
Alarm Smoke Detected
Input DC Low Alarm

Inverter Comms.

oK 5K

Alarm Hig... @ Alarm Oil L

10K

Alarm Gil ... @alarm Oil ... b

Type by E

tType

2015-01-18 08:27:00.000

Tracker Error Setpoint Aot 01 Temp

Input DC Low.

Inverte
Inverte

Inverter L.

Tracker Error Angle

Event Type ~
2019-01-18 08:27:00.000
2019-01-31 10:16:38.911
Alarm Door Opened
Alarm High Temp
Alarm Oil Level
Alarm Oil Pressure

Site Name
A\Elements[.]|Site Name
Chino Valley
Cotton Center
Desert Star
Foothills
Gila Bend
Hyder
Hyder 2
Luke

Count of Site Name by Site Name and Site Name

sSite Name @ )\Elements].... @ Chino Valley @ Cotton Ce...

AElementsiIfsite Name |
Chino Valley
Cotton Center
Desert Star
Foothills
Gila Bend

Hyder

Hyder 2
Luke
Paloma

Red Rack

Desert Star @ Foothills

Gila Bend @ Hyder @Hyder2 b

0K 5K

Count of Site Name by Site Name

\Elements ]|Site Name

Red Rock Cotton Center

Desert Star

Foothills

Gila B.

Hyder

Hyder 2

Paloma Luke

0Slsoft.
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A rich source of
new insights
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Using the Solution in Daily Operations

« Challenges

« Time digging, time creating work orders, time reporting, getting a better picture

Building the solution

* Interactive process, done in increments

Managing the change
* Impact on the techs — updating data
» Updating monitoring
» Updating maintenance process from detection to creating work orders (templates, ...)
* Updating reporting and analytics

Using the solution
* Finding issues, reducing time spent digging, reporting; finding new issues

More to come
* Adding storage
» Additional monitoring

! 0Slsoft.
P|WOF|C| SAN FRANCISCO 2019 #PIWorld  ©2019 OSlsoft, LLC
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Future of Distributed Energy Resources at APS

Adding storage at 9 solar sites in 2020
Planning additional 100 MW of solar and energy storage
Additional Microgrid installations

Fundamental change in capabilities of the fleet

! OSlsoft.
PIWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 17



The innovative approach to Solar Monitorinm
APS is breaking new ground and will be
leveraged across the business

Estimated value of over 500 KS per year

Creating a sustainable energy future for Arizona

Effective monitoring of 10 utility Implemented Solar Monitoring Streamlined maintenance and

scale solar sites. solution and integrated reporting. improved production.
 Time consuming to gather data, + Consistent monitoring of all 10 sites. « Reduced time gathering data.

f”.’ld'lssue's and Cocous reportS' « Situational awareness for the fleet. e Clear picture of overall production
y Iﬁlrrgtljtggtizl;[]uatlonal awareness, lost - Streamlined creation of work orders. and issues across the fleet.

. - « Improved reporting and analytics. * Consistent work orders when

 Time consuming to create and _ . needed.

manage Maximo work orders. * Innovative use of new technologies. . ]

» Improved reporting and analytics.
0Slsoft
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Questions?

Please walt for

the microphone i

State your
name & company

& 0Slsoft
PI World san erancisco 2019

Please remember

=
TO DOWNLOAD g

APP, SEARCH
OSISOFT ostuot

PlIWorld

# Download on the ETITON
@& AppStore P> Google Play
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