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Conventional Grid
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Today’s PV: Following the grid
Current source(Current control)

PLL is required to follow grid voltage
& frequency

Fast response to the

intermittent irradiation levels

(no buffer)

Can’t work when grid fail

Future Grid

AN
How to have a stable IBR dominated grid? \ /

%9 Al

Forming the grid
Voltage source ( can serve as PV bus or PQ bus)

Has its own voltage & frequency (Swing bus)
No PLL required

Inertia support & primary frequency
response

Black start, islanding

Operate as frequency estimator



TEXAS Frequency Response T A

The University of Texas at Austin

Grid Frequency (Hz)
A
Contingency
»Time
Inertia Power
System with High Inartia / Dynamic stability \ / \
(Low RESs) Ve \
------ g ~\ Angle & Freq &Volt Long term support
Ultra fast stability
! ,u-—SYsteF;_';ﬂ;:th-ég*;;neﬂia response: . Aggregation control
W™ 237 Redustonin PE based grid- | inertia & droop Communication
. ey Frequency Drop forming behavior )
1-10's 10-30 s 10-30 mins > 30 mins \control Y, Energy dispatch
Inartia Primary control / Seccndary control / Reserve
control Governor LFC cortrol \ \ /
Y

>

AN AN AN AN
V V V V
AC cycles Seconds Minutes Hours



TEXAS Solar Generation Growth WHAT STARTS HERE CHANGES THE WORLD

The University of Texas at Austin

Why SO I ad r? @ solar + Storage [l Solar Only

* Solar panel installation cost reduction (50% in last decade) 2017 2022E S027E

» Solaris growing faster than wind

* 50% of all new capacity added to grid in 2022 was by solar
* Higher penetration expected in the future
* Increasing share of PV plus energy storage

» Utility installation has the greatest solar share
[1] Solar Energy Industries Association (SEIA),

* Can they displace traditional SG generator? https://www.seia.org/
U.S. Solar PV Pricing Trends & Deployment Growth U.S. Annual Additions of New Electric Generating Capacity Cumulative U.S. Solar Installations
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GFM

* Energy reserve for filtering power intermittences

*  Power control loop for generating voltage and phase
angle references

Energy Reserve

e Battery energy storage

* Super capacitor energy storage (SCES)
* Reservein PV generation

* Load reserve

GFM Controllers

 Droop based Using P-f and Q-V droop equations

* Virtual synchronous generator (VSG) Emulating
SG equations in controller

e Virtual synchronous oscillator control (VOC)
Emulating a non-linear oscillator in inverter
control
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PV Inverter without Storage
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AC Coupled GFM and Energy Storage
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| _ _ Summar
 filter intermittence y

The whole system (GFL PV +
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PVSG Features
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Simulation Model

1247k, 60 Hz Frequency support (grid connected)
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1. GFM Test Results with Droop

a) Grid Connected Test Results

PVSG Connected to 480V grid simulator with
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2. PVSG with DC coupled SCES connected to 480V Grid

a) Charging SCES by PV Power
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b) Inertia Response and MPPT

TEXAS
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c) Short Circuit Current Limiting

| | ¥ Voltage

Voltage
& Current

Fault Start with 30% Voltage reduction

Current

1

Fault Start with 30% voltage reduction

19
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Synchronous Condenser

Flying Wheel
Large rotating part

e Short Circuit Power * Replaced by FACTS for reactive power support
* Voltage Support STATCOM and SVC

* Short term overload Capability

* Inertia Response to the grid

21
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College Station Texas real time results
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Questions?
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