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Introduction

* Solar renewable energy resources stereotypically provide low inertia

* The addition of photovoltaic sources into the power grid has
negative affects on the overall moment of inertia and damping [4]

* Decreases the overall system efficiency

* Makes system more susceptible to noise and oscillation

* To combat the issue, methods to create “virtual” inertia are being

studied

 Since solar PVs usually lack a rotational component (such as

what is seen with energy sources like wind turbines), the kinetic

energy must be supplied some other way [1]



Overview of the System

Two-stage PV system [4]
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Virtual Inertia Equation

Where:

Voo = 2HvsCSvse (o _ ey Ly (4] * Hygc isthe V|r.tt{al inertia coefficient (or the stored kinetic

JoxCacVaco energy, WE, divided by the rated power of the PV

2 * W,

View = - 5 (F = ) + Vggo generator, SVSC)

0" -dctdco * fis the measured frequency of the model, and f, is the

2 % « F x V2 nominal frequency of the system
Vaer = sy 2TV * C,.is the DC-Link capacitance

v Vo is the nominal DC-Link voltage
Vac: = 7~ *Hz +V

, The result of this equation (a voltage) is sent through
Vicx = Aunit of voltage based . : :
OnL Circumstaces proportional integral (Pl) controllers and a pulse width
modulator, among other circuitry, which is then fed into
the 3-phase inverter to control the system inertia



Virtual Synchronous Generator (VSG)

Provides virtual kinetic energy
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Virtual synchronous generator (VSG)

Reference: [5]



Moditying DC—Link Capacitance

* The DC-Link capacitance, as shown in previous slide, can be modified to change the

voltage value that is sent to the VSG controller

 Example: increasing the value of DC-Link capacitance from a tested value of 4mF to 7mF

could significantly decrease the system settling time; the tradeoff associated with this is

a small increase in overshoot [1]
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Moditying AC Filter Parameters

* Changing the AC filter parameters of the PV model was also tested with the addition of a VSG
controller

* Relatively small AC-side inductor and capacitor (in comparison to normal PV systems) improved
system performance [4]
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My Thoughts/Ideas

* Based on two different studies conducted by
|IEEE ([1] and [4]), the size of the DC-link

capacitor has a large effect on the system INCREASE THIS

(greater than 7mF)

* Having a very large capacitor here |
(greater than seven millifarads) could be -y
tested to decrease settling time even ridi> Le PCi L [ ac DC
further 1
: _ : : pP L /pc
* Since this is associated with a small , Boost by A
increase in overshoot, the AC-side L 7 verter | Comverter
capacitor could be modified (smaller) to DECREASE THIS _
combat this tradeoff since doing so (smaller than .5mF) —
proved to decrease the overshoot | e T Vse
* Tradeoff: small added oscillation — Fquation (V) Controller

but would this occur if the DC-link
capacitor was also changed?



Conclusion

* As renewable energy becomes more and more
used, it needs to optimize itself to stay stable &
effective

 Can be achieved with the addition of inertia
to solar PV systems

* Can be achieved with the addition of a SN T e

VSG 2 B

’ L

* Virtual inertia-based PV systems are still a fairly “““‘

new topic (almost all articles were written P
within the past 5 years)

* Expected to be researched even further
because of the growth of PV into the grid
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