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Overview of EPRI’'s DPQI and DPQII Power
Quality Monitoring Studies

DPQ Phase | DPQ Phase Il

Number of Sites 277* 480**
System Level Monitored 3 8
MonitoreDays 146,661 541,399

* 300 sites were selected during site selection

** 493 sites were selected during site selection
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EPRI's DPQI and DPQII Power Quality
Monitoring Studies

« Since DPQI Phase | completion in 1995, many utilities have
Implemented system-wide PQ monitoring programs on
distribution and transmission.

» Wealth of data provided unique opportunity for Round II,
DPQ. (2001-2002)

 DPQI PQ along the feeder (sub, middle, end), DPQII
(various locations on feeder)



Voltage

RMS Voltage Variation Sag and Interruption Rate

, 0 —90%

Sag and Interruption Annual Rates
DPQ Phase |

(Magnitude/Duration Histogram)
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Distributed PV Monitoring | §
An EPRI Research Project —

Field monitoring to characterize PV
system performance & variability

o Utility interactive PV systems
v Single modules on poles
v 1MW plants
v 200+ sites committed nationwide

* Field measurements for 1+ years
v' AC power meter
v’ Plane-of-array pyranometer
v/ Module surface temperature
v’ ...More sensors on select sites

» Data acquisition
v' 1-second resolution

Momgomeny !;L olmnbes %
wvarrsh

v Time synchronized Alabama Georgia |
v Automated uploads to EPRI @ L 0.2kW

A = h . B
v’ Structured data storage at EPRI "y e REQION |
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PV systems small and large are monitored
High definition monitoring captures 1-sec data on any size PV system

Ie v

R \z 0.2kW pole in AL

! Vi g AR Ly

AT N ’ i
200kW roof in CA | 4
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Monitoring for Central Inverter PV Systems
Instrumentation for solar resource, selected dc points, and ac output

Data acquisition: up to 1-second recording, automatic
data transfers, internet time synchronization, remote login

' Solar Resource

e Irradiance: plane-of-array,
global horizontal

» Weather: temperature,
= humidity, wind, rain

¢ N

PV Array

e Module: dc voltage,
current, back temperature

« Combiner box: dc voltage,

\ string currents

Inverter

* Input: dc voltage, current

* Output: ac power, energy
totals (real & reactive),

\ voltage, current

Instrumentation designed, assembled, configured, and tested by EPRI for field installation

© 2012 Electric Power Research Institute, Inc. All rights reserved.
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High Resolution Field Data & Geospatial Analytics

Distributed PV Monitoring supports EPRI’'s core PV research areas

Utilities &
System %'\\QQ Bulk
Operators Q)Qfo System
<«
Distribution Dlstgl\a/uted Renewable
System L Generation
Monitoring
PV System
_ 93 owners &
Operations & & Stakeholders

Maintenance Q&Q’
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Analysis and Reporting Plan - DPV Data Flow

Measurement data feeds website, site analysis, and OpenDSS

Generic Results

PV Measurements

_ DOE Other
Sites l Solar Portal Public
[
[
Error handling Measurement Participants
, : Data
Time aggregation ~ 1
Post-processing Aggregated Results
Processed « Ramp rate distributions
Data « Variability correlations
» Performance characterizations

Distribution
System Simulator

] ajnel (B smwia ) il ais

Member Dashboard
» Site info and map R
» Time series graphs
* Near real-time data

> el 00 el 0 16,
’—1_ e 1 SO s
s g T~
I

Data extraction

OpenDSS
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Site Analysis of Distributed PV Systems

Many sites have 1+ year of field data, ripe for site-level analysis
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Distributed pole-mount PV sites in Arizona
Six single-module systems installed, data collection began June 2011

o1 B— &
- .
'% \'.r Substation

ST N
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Daily Maximum Changes in Power, Irradiance
Aggregated from 6 pole-mount PV sites on an Arizona distribution circuit

« Aggregated Power (from six 190W PV modules)
— Max 10-sec change about 30% of rated power
— Max 1-minute change about 55% of rated power

» Aggregated Irradiance (plane-of-array pyranometers)
— Max 10-sec change about 35% of full sun (1000 W/m?)
— Max 1-minute change about 60% of full sun

Aggregated Power (6 Sites) Aggregated Irradiance (6 Sites)
80 80 :
®m 10-sec ™ 1-minute o m10-sec ®1-minute
L —~
98 60 =2 S 60
L_U IS f_—d N
c X 40 G 40
X O x O
§s20- $s20-
0 - 0 -
Sep-11 Oct-11 Nov-11 Sep-11 Oct-11 Nov-11

Max changes in power/irradiance are consistent across fall months Sept-Nov 2011
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Daily Maximum Changes in AC Output Power

Aggregated from 6 pole-mount PV sites on an Arizona distribution circuit

100 Data spans 1 month period

~ 10 min 1 hr
g 80 A
I 2,<
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1MW PV System in Tennessee

Solar resource and AC output recorded at 1-sec resolution

1.0 MW,
» 3.5 acre property

4,608 PV modules
Four 260kW inverters
M Installed Aug 2010 ¥ /
L1 - Data began Oct 2011 § - — 4 ¢ 8 Pyranometers
2 VT : e by, SN . 7 on PV system

@ + 1 on single-module
* Plane-of-array
o 25° fixed tilt, south

Imagery ©2011 DigitalGlobe, GeoEye, U.S. Geological Survey, USDA Farm Service Agency, Map data ©2011 Google
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Solar Resource Calendar — Single Pyranometer
December 2011 at 1MW PV site in Tennessee

December 2011: Tennessee Plane-of-Array Irradiance

Sun Mon Tue Wed Thu Fri Sat
2 T S 3
4 5 6 7 8 9 10

ISR I

14 19 | 12 14 1E 16 1
- W ) - T - -_\J - T

M ST Y N
18 10 20 21 29 22 oy
S Q\J e [ Ay - \J LT
25 27A 27 2Q 20 20N 21
o_J —\J -y | 0 _J U JA

Calendar profiles are 1-minute averages derived from 1-sec data
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Solar Resource Calendar — 1MW, Output Power
December 2011 at 1MW PV site in Tennessee

December 2011: Tennessee 1MW PV System Power

Sun Mon Tue Wed Thu Fri Sat
T I A — 13
4 5 6 - |7 8 9 10
[ E— - a2 13 - |14 15 16 [
18 - |19 20 21 22 23 24
25 26 27 28 29 30 31

F

L

Calendar profiles are 1-minute averages derived from 1-sec data
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Example Ramp Events on Partly Cloudy Day

Six-minute view of AC power profile of 1MW system at 1-sec resolution

1MW PV System Power Production Profile

1200

1000

s N

X: 29-Sep-2011 13:09:55
Y:908.6

—

-\

X: 29-Sep-2011 13:11:40
Y:927.6

800 -

\

600

—743kW in 25 sec \

AC Power (kW)

(2.9% per sec)

400 \
200 ‘L

+770kW in 25 sec
(3.0% per sec)

\.w_ﬂ_/\
X: 29-Sep-2011 13:10:20 X: 29-Sep-2011 13:11:15
Y: 165.6 Y:157.9
(Sep 29, 2011)... 13:10 13:11 13:12 13:13 13:14

Local Date & Time (Eastern)
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1200 average irradiance .. e — pyranometer values
x 14-Nov-2011 12:56:41 N /
Y: 1004
1000 / //\’\
o M
< 800
2 600 N 7 //?\\
: Y N WAL
2 400 /’ X: 14-Nov-2011 12:57:01
Y: 468.2
Blue line shows ac Ramp down
200 power production -536kW in 20 sec
(-2.6% per sec)
y 5
(Nov 14, 2011)... 12:56 12:57 12:58 12:59

AC Power and Irradiance on Partly Cloudy Day

4-minute period shows time-shifted effect of passing clouds over 1MW

Orange line shows

Gray lines show individual

Local Date & Time (Eastern)
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Added Value with Utility Line Crew Participation

Hands-on approach yields PV savvy crews

Utility Embarkson _ .
ltaic

i inemen install hotov%
Gsr?é s: %ﬁ%%?é;lgs rgan of an 1B-mont

research project:

Georgia Power installs project’s first B ——
pole-mount systems in Dec 2010 T&D World
February 2012
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Together...Shaping the Future of Electricity
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