





Freguency

How fast does
something vibrate —
measured In cycles
per second or Hertz.
(One note from an
Instrument)




Freguency Response

How large a power
Imbalance does It take
to observe a 0.1 Hz
change in Ereguency,
—measured in MW/0.1
Hz. (force needed to

tilt an object by one
degree)




Power Balance

(Generation Generation Generation

Load Load Load

In-flow equals out-flow, Out-flow less than in-flow, In-flow less than out-flow,
frequency stable at 60 Hz frequency rises above 60 Hz frequency falls below 60 Hz
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System Frequency

Freguency Performance

10 20
Seconds

Primary Frequency Control

[Governor response
(and frequency-responsive
demand response)]

10 20
Minutes

Secondary Frequency Control Tertiary Frequency Control

(Generators on Automatic (Generators through
Generation Control) operator dispatch)

[T T
10
Minutes




Frequency Response Basics

(Using a 1400 MW generation loss event as an example)

NERC Frequency Response =

Pre Event Freg Generation Loss (MW)
Frequencypaim a-Frequencypoint B
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Settling Frequency:
Primary Response is almost all deployed

Frequency (Hz)

™ Frequency Nadir: =
_7 | Generation and Load Response equals
the generation loss
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Sh’pﬂ‘ ﬂf the dark grﬂﬂ‘n lire — Govermr R‘E sponse
illustrates the System Inertia
(Generation and Load). — Load Response
The slope is AP/(D+2H) —— Frequency
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Wind power capacity Wind projects 2 1 megawatt
Inmegmaaite O Online betors 2009
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GreenBiz - VERGE

Information




4:00 FM 4.0 i 4 10PM 415 PM  4:20FPM ¢ I M 4:40FM  4:45 PM 3 4:55 PM  5:00 PA

Condenser - Badrooms === Condensor - Living === Blower - Furnace - Living == Refrigerator - Main







Requlation Supply (incidental charging)

HAogulation Signal
Widbecdo: Poravor
Balkery Sal a)

State of Charge (%)
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China Transmission for
Renewable Energy

Solar Energy Distribution in China
{IMJ per Square Meter per Year)
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Wind Energy Distribution in China

Ningxia

Hami — C. China
800KV, 6300 MW,
2018

Xiangjiaba -

800kV, 6300 MW,
2011

Xiluodu - Hanzhou
200kV, 6300 MW, 2015

Xiluody - Hunan
800kV, 6300 MW, 2013

Jinsha River Il = East China
200kV, 6300 MW, 2016

Jingping = East China

Irkutsk (Russia) - Beijing
Tianjing BOOkV, 6300 MW, 2015 Humeng - Liaoning
800KV, 6300 MW, 2018
Humeng - Tianjing
/. 6300 MW, 20186
r (Inner Mongolia)

d
2009

1500 MW, 2007
Humeng - Jinan{Shandong)
800kV, 8300 MW, 2015

Morth Shaanxi-Shandon:
3000 MW, 2011

BtE Shandong - East

800KV, 6300 MW, 2012

800KV, 6300 MW, 2019
Jinsha River Il - Fujian
800kV, 6300 MW, 2018

MNuozhadu-Guangdong

800KV, 5000 MW, 2015

1200 MW, 2011

_BiB North - Central
1000 MW, 2012

Goupitan - Guangdon
3000 MWV, 2016

3000MW, 2013
Bangkok
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