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Frequency in a conven

= Conventional system:

tional system...

— Electromagnetic properties of the network and machines lock their behavior to be in

sync

— A changein load is automatically/naturally reflected in speed of rotation of the

machine

— System frequency is governed by speed of rotating machines

mechanical frequen& /

Rotational
speed of
generator

Influen

fan

\

2 www.epri.com

Electrical frequency

Rate of change | |nfluences
of generator
terminal bus

angle

es
of network/load

terminal bus
angle

Influences

© 2020 Electric Power Research Institute, Inc. All rights reserved.

Rate of change | |nfluehc

Nechanical frequen&

Rotational
speed of
motors



http://www.epri.com/

Traditional frequency response trajectory...
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Adapted from frequency response plotsin Chapter 11, Power System Stability and Control, Prabha Kundur
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Frequency in all inverter system...

= All converter system:
— Break in the electromagnetic link between source and network
= Lock has to be obtained through a controller
— No physical link between generation/load balance and frequency
— Converters can operate at any frequency

But, can the natural
electrical properties
of the network be
used to sustain
operation of the grid?
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[ Can ideal L shaped frequency response, or better, be achieved?
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Frequency control in a high IBR system...

Would we still need it...?

= Traditional needs for frequency control

Motor drives

Clocks

Transformer magnetics
Machine torsional stress

And many more...

Can we do it in a better manner...?

= Changes in the system

Lower source time constants due to static
generators

Faster control capability

Loads interfaced through power electronics
Smart transformers

Power flow control devices

Increased observability

Just because it can be done, should it be done?
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System Average Electrical Frequency (Hz)

With high percentage of IBRs, do we need to hold onto to
frequency droop control...?

60.0+

59.91

59.8/
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Further reading: Deepak Ramasubramanian and Evangelos Farantatos, “Constant Frequency Operation

—— All synchronous machines
All IBRs with 10ms delay in communications

= Lower (to zero) inertia sources
allow for faster movement

= Since mechanical speed is not
the controlled variable,
reduced chance of fightingin
interconnected mode.

= Distributed slack bus concept
used for sharing of power

_ = Betterthanideal L shaped
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of a Bulk Power System with Very High Levels of Inverter Based Resources,” C/IGRE Science &
Engineering, vol. 17, pp. 109-126, February 2020. [Online]
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Small system test setup...
= 85% of load met by IBRs, 15% met by a single rotating machine
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All IBR power control (distributed slack bus method)is carried out by the BESS
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Change in active Power (MW)

Response for an increase in load...
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Does this response however have a greater transient impact than conventional droop control?
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Change in active Power (MW)

For Bus 4, comparing with conventional droop control...
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Reliability Implications of Constant Frequency Operation

Generation Trip — Frequency Response

* System Stability:
: - . 60.00 N r~

* What will be stability definition,

mechanism, and metrics? T 00

* In a 100% converter system instability S so65 \ ////

relates to currentinjection deficitdue to * o0 ~—

limited power reserves (low wind/solar) 5975 | Al symchronous \ ///

Converters with frequency droo
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* Power sharing upon a disturbance:
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* Just frequency droop is not applicable

* Newer control schemes required
*Angle droop as self-automated
control
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*Next generation monitoring and
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Hierarchical Deceniralized Frequency Control

_______________________________________

- i3
|: =
nlll R
=
s
e

e _{"q G2 |1 G3 L G5
Whe TT
-t S o F Y :
3 E - — Y :.-'.‘ ;"\: . _|_|_ .
; : b _ Tie;s "‘E ‘?_ “:: : * Tiess - d .
,!' - i E
IBR2 @ ¥ :' E\ * @ IBER4 .:
| ¢ ; . ¥ !
Ay o L LA
""‘".""'“""‘“""““;ﬁ""‘“ g PR T T L T TS har s, e ' 3
> -*"—'--‘_ r'f ---------- ﬁ“'. “1- E H !
@ -------- ;;5*\\ ".p"':',-"'-':'d{) ,t‘) -h-‘-:*:::L .‘#‘I“:&" '." ’
SetCom; /).~ ,ﬂ/hﬁﬂs i T\
o - - ' d {
P e - o ' | SE |
-+ - - ¥ - H ! 2 |
; C - R ~ : SetCom, ‘_
/ R S = S )
! A ; C,
: o o 1 @8 - G9 i
H ’ & « i ,-"- ) '
. o . &
- o . i Legend
o C, = Coordinator of area A,
; SE, = State Estimator for A,

www.epri.com

11

SetCom; = Set-point Computer of area A,

M, = Monitoring devices of A;

= Measured signals
= PMU Communication System

--- = Area Model
0 Tie-line power flow measurement sensor

--- =Tie-line incoming power [Real-time info)
= = = Inter-coordinator Communication Network

-- = |BR active power set-point dispatch
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Demonstrating Results - Self Sufficient Contingent Area

Average Bus Frequency (Hz)

Average Bus Frequency (Hz)
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Summary...

= As the power system transitions with increased IBR percentage, it could
be possible to take advantage of quick and highly flexible IBR response
characteristics

= Frequency droop control was a necessity with mechanical speed being
the controlled variable

— It may not be a necessity with electrical frequency and angle
= Power sharing across balancing areas can still be achieved

= Additional energy/power burden to bring about this operation paradigm
IS minimal
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Together...Shaping the Future of Electricity J
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