Computationally Intense PV Generation
Analysis for Accurate Decisions
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Factors Affecting Computational Intensity ’JE r /

* Cloud and wind statistics and a Cloud Simulator

— Simulates motion of many clouds moving over electrical circuits
 Power flow, time series analysis with one-second step sizes
e Modeling secondary circuits

— Can increase model size by a factor of 10
e Calculations for IEEE 1453-2015 standard

— Requires 600 power flows to calculate one flicker intensity value

* Modeling geographically distributed PV generators



One Second PV Data, NWS Data, Po YN
and Statistical Parameters | DB‘M
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Clouds per Hour During High PV Variations “/y‘?”gdd
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Reference: “Computation of Voltage Flicker with Cloud Motion Simulator,” ..., accepted for publication in

IEEE Transaction on Industry Applications.



Cloud Simulator and One-Second Step  &..
Size, Time Series Power Flow | ’de
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Power Flow Step Change versus One o T
Second, Time Series AnaIyS|s | Edd
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Simplified Versus P
Detailed Secondary Circuit Models “zddd
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Modeling Secondary Circuits: Model Size %gb
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IEEE 1453-2015 Standard and -
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One Second Time Series Power Flow "de
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Short Term Flicker Values

P, = for a 10 minute interval, voltage change level that is exceeded X% of the time

Pi= J0.0314P,; + 0.0525Ps + 0.0657Ps + 0.28P1oc + 0.08Ps0s
\ ] .

Moving Window for Short term Flicker Calculation
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Analysis with Simple Secondary Model

Voltage Change (V)
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Analysis with Detailed Secondary Model

4.28 V

Voltage Change (V)
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Geographically Distributed PV o
Point Model versus Distributed Model Eﬂ,d

Evaluate installation of 7.3 MW PV, covering 44 acres, approximately

square (about 6 acres per MW)
44 ft/sec cIoud takes about 31 seconds to travel across PV generator
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Steady-State Voltage Stability Ve Y
Calculation and PVs | E‘Id

331 PVs representing 680 MWs in distribution

. . 1.2
20 MW synchronous generation in transmission
129 MW flow from distribution to transmission 11 b =139
15% transmission flow imbalance
s 1
IEEE 39 bus transmission %
with 17 IEEE 123 bus %%.9
distribution systems ;O'
0B Steady State Voltage /
. Stability Curves without
m0.7 and with PV
0.6 eV pu with PV
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Summary: Accurate PV Analysis ‘fi_-mjd

PDF for GHI Normalized Relative % Change

e Modeling causes of generation variations ...
O Cloud statistics =
0 Wind statistics

 Modeling characteristics of secondary
circuits

 Modeling geographically distributed PVs

Normalized Relative % Change

PDF - Gust Speed

0.045 - 6
2

* Time series, power flow analysis 0ot [\
e Enables analysis for IEEE 1453-2015 / \
e Analysis of combined TS&D is important o —

14
Gust Speed (ft/sec)
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