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Leveraging Work Throughout Industry

Hi-res PV Monitoring and Hosting Hosting Capacity with Smart
Capacity Analysis Inverters
(2 feeders) (1 feeder)
DOE/VT/EPRI Hi-Pen Phase Il Project DOE/VT/EPRI Hi-Pen Phase Il
Project

From Research to Application

2011 2012 2013

Development of “Hosting Hosting Capacity Analysis Development of Alternate
Capacity” Method for Hi-Pen >20 feeders throyghout us Screening Methods using
PV Analysis EPRI Project Hosting Capacity Analysis

EPRI Project 15 feeders

CPUC/EPRI/DOE Project
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Overview

= Background

> More PV interconnected at distribution level than any other DG
e Small rooftop PV
e Large, MW-class systems

> Increased pressures for utilities to

e accommodate higher levels of PV
e expedite interconnection process

= Project Objective: Develop new methods to quickly and accurately
determine the capacity of individual feeders for PV generation

> Consider size/location of PV and specific feeder characteristics

> Evaluate impact on voltage (overvoltage, voltage fluctuations),
regulation equipment, protection, thermal loading/reverse power
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Why Consider Alternatives to Existing Screening?

Sample feeders from DOE-funded VT/EPRI Hi-Pen Project
Feeder’s ability for hosting PV Feeder Characteristics  Feeder A Feeder B

Peak Load 5 MW 6 MW
performance depends upon
f d f f Minimum Load 0.8 MW 0.7 MW
many teeder-specific factors Minimum Daytime Load | 1.1 MW 0.7 MW
15% “rule-of-thumb” is not very Existing PV (MW) 1.0 1.7

accurate in determining whether
an issue may arise

Simple characteristics used to
classify/screen feeders (i.e. peak
load level) may not be sufficient

Example illustrates different

hosting capacity for “similar”
circuits

70% of Peak Load 4o/ ¢ paak Load
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Approach

Collect high-
res PV data

Document Determine for model High-pen PV

Develop Validate
current the range of
practices feeders in CA

screening screening
methods methods

development analysis
& screening
validation

Hosting Capacity Methodology
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Step 1: Current Screening Practices

= Task Purpose

> |nvestigate and document current practices for
screening PV interconnection requests among
California utilities and from other sources outside
California.

= Approach

> Consider federal, state, and local interconnection
procedures pertaining to CA (Rule 21, WDAT, SGIP)

> Consider non-CA and European utility screening
practices as well
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Document current
practices

Step 2: Define Feeder Configurations in CA ‘ s |

Determine the range of
feeders in CA

= Purpose of task 9

> Determine the range of feeder configurations
and characteristics for CA utilities

> The representative feeders selected will be
used in developing and validating the
proposed screening methodology 700 -

" 600 -

= Approach g 590 1
. L. £ 300 -

> Develop database of feeder characteristics for 3 200 -

— . 100 -

statistical processing 0 -

O N & O O
Dgibo,b%%d;»(),

> |dentify 20 feeders representative of range of > > ’
distribution feeder types for the grid in CA J000 ;o Backbone Length (mi)
e 15 Test Feeders for methodology g =
o 1000
development 5 |
e 5 Control Feeders for methodology 0 -O.H.!.m.:.m.;.N.Zﬁ
va l Id atio n # of line regulators g
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Evaluate Distribution Feeder Characteristics

Clustering of data to select feeders
* 1000’s of feeders

hd i > Total C > R | . o
el - Clustering of feeder data characteristics
%E 2000 -3 « Select 20 feeders for analysis
450_: 70005 20:: s e o i s
400 60003 6 I L o ’

ﬂ} 5000 ; Cluster Outliers z,l/’:_/ il I |
250 4000 12 ' ‘ 1
200-1% 3000 g
1058: 2000 4:: mﬁiuslgof circle lrepresen_ts
50 1000 E length needed to capture |
0_: 0:: ' 90% of Cluster Elements
4 ~|Capacitors A‘ KV Distribution Capability —
14
12: : i
10: £ + ry *
8
5: i 15 2‘5 3
4
2
0+ P.-I.ni
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Step 3: Collect High-Resolution Solar Data

Determine the range of
feeders in CA

4

= Purpose of Task ‘

> Collect high-resolution, time-series solar output data that

can be used for
e Validation of feeder models
e Definition of scenarios for high-penetration PV output
e Verification of screening method with empirical data
= Approach

> |nstall monitoring equipment via pole-mount and at existing
PV facilities (provided by EPRI, installed by utilities)

> From selected feeders ID’d in previous task, obtain high-
resolution (1-sec) PV production data via field monitoring
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Distributed PV Monitoring

Leveraging a Utility Research Project

Field monitoring to characterize PV
system performance & variability

* 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
v’ Time synchronized
v Automated uploads to EPRI
v/ Structured data storage at EPRI
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Classifying Solar Days

Applied Sandia’s variability index (VI) with clearness index (Cl) to classify days

: VI>10 —— Clear Sky POA Irradiance
il ‘ —— Measured POA Irradiance

VI<2 <VI<10

Cl=0.5

Moderate

VI<2
Cl<0.5

2=sVI<5

60
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Solar PV Measurements for Modeling

- Solar Resource Classification-

Classification

Variability Index (VI)

Clearness Index (CI)

Clear Sy P i -
Memued P05 Imadance
Vi<2 V=10 =109
Cl>=05
Overcast
Vi<Z Vi=16 Cl=020
Ci<05
Mild
V=40 =051
2<=VI<5
Moderate
V=81 =059
5=VI<10 /
High
Vi=213 Cl=0.64
V== 10

- Input to solar model

- Validation of feeder response to

PV in OpenDSS

May 2012
Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 5
/ N\ M’M\‘ /
6 7 8 0 Iw l A 12
13 “ ’ A5 116 17 18 19 J
20 21 22 2 24 25 26
27 28 29 0 m
. s [ 2 @S UM EC
760 kW Site

Voltage (Vpu)

— Simulated

T
0 30

T
100

T T T 1
150 200 230 300

Time [sec)
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Document current
practices

Step 4: Modeling and Hi-Pen Analysis

Determine the range of
feeders in CA

u P u r p O S e Of Ta S k Collect high-res PV data

> Perform high-penetration
assessment of the test feeders k

to determine each specific

Develop/validate alternate

I‘ I.I‘I

feeder’s hosting capacity for Sereening methods
solar PV
= Approach
> Utilize EPRI’s Distributed PV 105 _
(DPV) Feeder Analysis Method &

for determining feeder impacts
and hosting capacity

> Simulate a wide range of PV
. Potential
deployment scenarios and Problem Areas
penetration levels on each due to PV
feeder
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Feeder Modeling

Detailed distribution models Voltace Heat
> Full three-phase Map £
> Test and control feeders
Work with participating utility L. ‘
to obtain base feeder data .\%3
> Add secondary transformers and
service drops Voltages by phase

> Incorporate time-series load
data

Convert model to OpenDSS
(open source)

Voltage (120V base)

Validate/verify model with 114
measurement data I R E S

Distance from substation (mi) ---
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PV Impact

PV Analysis: Determining Feeder Hosting Capacity

Leveraging an EPRI Research Project

b O PV Systems
-ne — No PV
PV Penetration 1
PV Penetration 2
Distribution Feeder 4o "- -
PV Impact Heat Map Ee PV Penetration 3
1 S Beyond...

Process is
repeated
100’s of
times to
capture
many
possible
scenarios

Increase Penetration
Levels Until Violations
Occur
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High-Pen PV Analysis

Evaluation Criteria for Determining Hosting Capacity

e Overvoltage

* Voltage deviations @ regulation
equipment

¢ Unbalance

Voltage

¢ Increased fault current contribution
¢ Unintentional islanding

e Sympathetic tripping + fuse saving
¢ Reduction of reach

Protection

¢ Total harmonic distortion
¢ Individual harmonics

e Thermal overloads

Load | ng » Demand masking

¢ Consumption/Loss change

¢ Load tap changers

CO ntrOI e Regulators

¢ Capacitor banks

Shot !
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Steady State Stochastic Analysis

Combination of
stochastic and time series
analysis combines
location-specific and

time-varying impacts of
solar PV

Time

Series

Analysis

For full details on analysis
approach see public report:
Stochastic Analysis to Determine
Feeder Hosting Capacity for
Distributed Solar PV. EPRI, Palo
Alto, CA: 2012. 1026640.
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Hosting Capacity Explanation

Minimum Hosting Capacity
Maximum Hosting Capacity

Maximum Feeder Voltages (pu)

1075 .
FLAE 2 S
* 3
1.07 . L4 .+
1.085 T g '
b gyt
1.08 Total PV: Volt olati
oltage violation
1085 1200 kW
1.05 ; .
1.045 SR> LANSI voltage limit 4
1.04 e !
1mel. 9000 cases shown |
Each point = highest|primary voltage A\l y
103 ' \\ ,
0 500 1000 1600 2000 2500 g
. . > e
Increasing penetration (kW) .- %
AR
: o~
F—

Total PV:
540 kW
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Final Step: Develop and Validate Screening
Methodology

Collect high-res PV data

" Purpose of Tasks
> Develop and validate a practical screening criterion

for evaluating new interconnection requests ‘

= Approach

> Use results from hi-pen analysis, analyze key
factors determine max. and min. hosting capacity

> Develop screening methodology/approach

> Validate approach using control group of feeders
and corresponding modeling and simulation results
with measurement data

Shot . 18
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Focus Areas and Key Deliverables

Focus Areas

" Grid Integration

= Screening

= Hosting capacity

" |nterconnection analysis
= Open-source modeling
= Solar PV monitoring

Shot !
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Key Deliverables

= Database of CA feeder
characteristics

= Comprehensive analysis
results from wide range of
CA feeders

= Alternative method for
screening new PV
interconnection requests
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Jeff Smith (PI): jsmith@epri.com 865.218.8069
Tom Key : tkey@epri.com 865.218.8082
Lindsey Rogers : lirogers@epri.com 865.218.8092

Q &A AND DISCUSSION
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