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APS - Company Background

* Arizona’s largest and longest serving utility — since 1886

« Service Territory
— 11 out of 15 counties
— 1.2 Million Customers (89% residential)
— 34,646 square miles

 Peak Demand ~ 7300MW in August 2015

* Approx. 950MW of Solar Capacity - 4th in the nation
— 50% of solar portfolio is distributed
— Pioneer in solar research since 1970s
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Solar Partner Program (SPP)

 APS owned, operated and maintained residential rooftop PV
systems with advanced inverters

« Total 10MW deployment, approx. 1600 systems with average
system size of 6kW

* APS customers receive bill credit of $30/month for 20 years lease
« Two 2MWh energy storage systems on two feeders

« 18 months research plan on specific use cases in collaboration
with EPRI

* Information exchange through External Advisory council,
conferences and other platforms
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SPP - Current Status

« Approximately 1500 systems installed
— Approx. 200 on 6 primary research feeders

« UL 1741-SA certification complete
— Two smart inverter models — SMA (primary) SolarEdge (secondary)

« Planned 1200 systems on AMI and 400 on cellular
— Protocols - MODBUS on cellular and DNP3 on AMI pathway

» Inverters are controlled from centralized control system
— visualization system for monitoring and analysis

« Testing for research began in April 2016
— Follows an extensive test plan requiring daily control of inverters
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Use Cases and Feeders

cos(p)

\
— Use Cases

« Equipment Deferment X/\X/ -

« Voltage Management ‘ h \

* Interoperability

* Inverter Control and Functionality "fwa

« Communication | <

* Energy Storage

« Model Validation ~
— Feeders

« Six primary research feeders

» Selected based on technical criteria and customer acquisition
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Smart Inverters

SMA inverters in SPP

> Sunny Boy 4000TL-US-22 (4kW)
» Sunny Boy 6000TL-US-22 (6kW)
» Sunny Boy 7700TL-US-22 (7.7kW)

« Volt-Watt Control
* Fixed Power Factor
* Volt-VAR Control

gl Voltage
Management

- Voltage Ride-through - Configuration

* Freq Ride-through
* Freq-Watt Control

« Coordination
* R/T Feedback

Interactivity
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Communication Architecture

Non Solar Partner System
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SPP System in the Field

Solar production meter
AC disconnect switch
Load center

Meter adapter
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Control and Monitoring

« Centralized system for monitoring and control of all the inverters in
the program

« Part of the inverters on MODBUS (cell modems) and part on
DNP3 protocol (L&G radios)

« Approx. 15 measurement and 35 settings registers per inverters

« Different data collection frequencies depending on protocol and
type of feeders

* Individual and group control for 10 advanced functions

» Interface with Pl Data Archive; analytics and visualization on a
separate specialized system

« Future interfaces with energy storage control and ADMS systems
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Field Monitoring Installation
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Field Measurements

Voltage Voltage Flicker
Current Voltage THD
Power Current THD

Reactive Power

Power Factor Phase Imbalance
Frequency Total Energy
Fast, Accurate

Few Locations

Sequence Currents

DC Voltage/Current _
Energy Consumption
AC Voltage/Current
Output Power Production
Reactive Power Avg Voltage
Inverter Status Max Voltage
Fast, Coarse Data Slow

Several Locations Many Locations

PQ monitors will also capture cycle-level data for transient events
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Pl Technology — Solar Partner Program

« SIEMENS SICAM PAS OPC Server (9 servers)

 PI OPC Interface

Pl OPC AutoPointSync

Pl HA Server on a zoned system (Distribution Pl Server)
* Pl to PI Interface

« PIlto Pl AutoPointSync

Pl HA Server on the APS corporate network (Enterprise Pl Server)
* Pl ProcessBook

« Pl Coresight

* Pl Asset Framework (AF)

 PIUFL (Universal File Loader Interface)
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EPRI — Electric Power Research Institute

« Install Power Quality Monitors on selected Feeders
« Collect 1 second and 1 minute data on feeders
 EPRI sends collected data (CSV files) to APS via FTP.

 APS loads EPRI data into Pl Server using Pl UFL (Universal File
Loader Interface)
« APS sends EPRI the following data

— PV Inverter data
— Meter read data (AMI) — Automatic Meter Reading
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Future Pl Data and Solar

« Future Pl data — weather data critical when you have lots of solar
« 7 Day forecasts — University of Arizona

* Cloud Cover/Wind

« Allows APS to run the generators more efficiently.

« Forecasting allows APS to have economical plants started and
ready to go.

 We purchase gas to run plants 1 day ahead so we need forecasts.
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ESRI MAP with Feeders/Inverters

© Business Views ' @ Map
* @ APS »‘u Pk Beards|
[ » [ Network = F
[ » [7] Rooftop Solar 7 m& - A = % A é
[ » [ Voltage Exceptions =15 r A i i A
[0 » [7] Revenue Protection , 10 A
¥ ~ [ spP 5 Burristt Rl &
2 = 3 ‘
m) Z : g
m G
| &
O A Gl
0 A8 a i
= ES inverters > APS > SPP > FRT 12
Drag columns here to group data
A Feeder Group PAS Inverterld CISID IpAddress Modbusld Relay
‘ . 2 3 1 117859288 7 Close
2 4 1 17 Close
A 2 9 2 7 Close é
2 6 2 7 Close
A 1 3 3 20 Close
3 2 3 168358287 10.253.128.133 14 Close
A 2 1 1 192759284 10.253.128.121 13 Close
3 8 1 208658283 3 Close
2 4 2 221398287 10.253.128.122 5 Close
3 1 3 1025 9 Close
3 2 10.253.129.7 25 Close
3 4 3 274698283 10.253.128.194 5 Close
* Last update 8/31/2016, 2:19:11 PM MST Rows : 65
87
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Inverter Detalls

© Business Views BH_O | @ map URL6 > APS > SPP > FRT 12 > 1472666218350011011881077819037
| Business Views |
oo YIEWS J

> [=] AFPs

- O Pl Coresight St SPP_Inv_Detailed Ad Hoc Display

[ » O Network

[ » [ Rooftop Solar ?20 Feeder:

[ » [ voltage Exceptions E Site ID:

[ * [ Revenue Protection

& ~ =) sPP . Time Stamp:
] 7 o Site Details ) Measurements P and Q Settings
(] - Active power 3431.0 W Operating mode of reactive power 1070
O BUCKEVE Reactive power o Reactive power setpoint (%6) 0.00 %
O Inverter Id INV03353 Appamcnt power EvEr Power factor 0.90

Latitude 33.7 AC voltage L1 125.1 W Excitation type Under Ex

8 Longitude 1128 AC voltage L2 Teso v Wolt Var gradient 6.0 % /v
0 Meter Id mee: 0.0 Girid corrent FERY Operating mode of active power oF  z03

Mtes I rdi | 0.0 DC power input 1 Teseow Power per phase (s) 100.0 %

Transformer Id 0.0 DC power input 2 Teos0w Power per phase (W) 5100.0 W
DC voltage input 1 326.3 V Volt/Watt curve

SICAM PAS DC voltage mput 2 ErP— Recommect ramp-active powsr sradient

Recommect ramp-reactive power gradient

DC current input 1 54A

DC cument input 2 534

Frequency Ride-Through

Lower max threshold 810-1 (Fz) 50.5 Hz
Lower max threshold tripping time 810-1 (m 160.0 m=
Lower min threshold 81U-2 (Fz) 57.0 hz
Lower min threshold tripping time 811U-2 {m! 160.0 ms
Upper max threshold 810-2 () §5.0 iz
Upper max thresheld tripping time 810-2 (I 10000.0 m=
Upper min threshold Hz 81U-1 (=) 553 nz
Upper min threshold tripping time 81U-1 (ms#60.0 m=

Voltage Ride-Through
Lower max threshold tripping tune 59-1 (ms) 1000.0 ms

Grid relay/contactor Lower max threshold ¥ 59-1 (V) 132.0v
Current event number Median max theshold 59-2 (V) 1220V
Condition Median max threshold tripping time 59-2 (ms) | 160.0 ms

Remote ctrl- operating condition PP (o) 2\ fodian mn thrashold trippins tune 160.0 m=
Login with GGC 1 Median min threshold V 500V

Maintenance opr Upper masx threshold tripping tame. 0.3 ms=
Upper max threshold V 59-3 (V) 4200 ¥ Watt Frequency

Upper win threshold wipping tine 1 (ms) 2000.0 ms Activation of stay-set indicator fumction off
Upper min threshold V 27-1 (V) 105.5 v Active power gradient (APG) 200 %
Active power gradient after reset frequency | Mo Data

Difference between reset and grid flreg 1.0 Az
Difference between starting and grid fieq 1.0 Az
Operating mode active power and sverfrequency No Data
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Power Quality Monitors

© Business Views | (@ map 7 URLS > APS > SPP > FRT 12> 1472666218350011011881077819037

. @ APS ’
3 APs N © PI Coresight 233 EPRI Device B4 |AdHocDspay | [
O » [ Network

Feeder:

[J * [ rooftop Solar
[ * [ voltage Exeeptions
[ * [ Revenue Protection

™ - 3 sPP
4]
[m] 3
a 1 Second Data 1 Minute Data
] Current A 50.8 AMPS Energy Cum Neg 206414.5 kiWh
a Current B 33.8 AMPS Energy Cum Net 4951339.5 kWh
O Current C 38.3 AMPS Energy Cum Pos 5157754.0 kwh
Current N 38.3 AMPS Energy Cum Q Neg 3578986.3 kVARh
Power A 289.3 KW Energy Cum Q Net -3541255.3 kVARh|
& g A Power B 185.3 KW Energy Cum Q Pos 37731.0 kVAR
Power C 201.5 KW Flicker A 0.0
Power Q -576.0 VAR Flicker B 0.0
Power Q A -224.2 kVAR Flicker C 0.0
& Power QB -158.9 kVAR Phase Angle A 0.0

Power Q C -191.3 KW Phase Angle B -119.8
Frequency 60.0 Hz Phase Angle C 120.1
PF Disp 0.8 THD Current A 27.4 %
PF True 0.8 THD Current B 35.3 %
& - Power 676.1 KW THD Current C 25.3 %

Voltage AN 7204.8 Volts THD Current N 250.9 %

Voltage BN 7225.7 Volts THD Voltage A 1.1%

Voltage CN 7249.8 Volts THD Voltage B 1.0%
THD Voltage C 0.9 %
Voltage Seq Neg Mag 20.4 Volts
Voltage Seq Pos Mag 7231.9 Volts
Voltage Seq Zero Mag 3 18.3 Volts

| emizos

Coresight display selected by clicking on ESRI map.
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Takeaways

« Pl System provides a rich set of tools for visualization, data
collection, and analytics.

« OSlsoft Pl is a strategic tool APS has chosen for business
decisions.

« Enterprise Agreement — APS has a bi-weekly interaction with
OSilsoft through the Enterprise Program Manager and Center of
Excellence.
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