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Reactive Power and Ancillary ™
Services for Volatile Power
from Renewables
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Renewables and Volatile Power Observation
Reactive Power: What Is? Control and Pricing
Ancillary Services / Smart Grid: ¥ JUAA
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Renewables
and Volatile Power Observation
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Renewables Penetration and
Gap between Planning

Conventional [National] Lead Time of Planning
Planning Process and Construction
Load F fi Generation T&D
0a orecasting CCGT: 3-4 Years Transmission:
l Coal: 5-7 Years 5-8 Years

Nuke: 15-20 Yrs

Generation Planning

Distribution:
1-3 Years

Transmission
Planning
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Reactive Power:
What Is?



A.E. Fitzgerald, Charles Kingsley, Jr., Stephen D. Umans, "Electric Machinery", Fifth Edition
in SI Unit, Mc Graw Hill, 1990.

Essences of Reactive Power
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Reactive power plays very important roles for ENERGY TRANSMGE\.
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VS Vr

Surge Impedance Load (SIL) T 1T

SIL 1s the amount of power flow that makes network having:

[ Reactive Power Produced = Reactive Power Absorbed ]

Or, Net Reactive Power in the Network = 0.

R 1°X =V °B
0——/\/}\9/\—0 X
VT VI1)=2,=5
¢ *  QLoiryoyex BV

X  L/C

SIL. can be calculated using the @/km of X and the
Q~1/km of B without need to know its line length.

In practical, the line capacity is 2.5*SIL.
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P-V Curve Analysis

X @ P-V Curve
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P=/ElV]/X*sin(8)

Q= /E/|V]/ Xrcos(S) — | VIZ/X v
Steady State

Voltage Stability

[ VIZ = [PX/IE] F + [(QX+ | VIZ)VIE]F




Transter Capability — Single Circuit

P-V Curve
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Reactive Power for ORPD

0 'Optimal Reactive Power Dispatch’
as One of Optimization Problems

Objective: Loss minimization
Subjecto: Powe flow equation anc limits
Control variables: Generator’s reactive power productiog) (Q

Optimization problem can be used for
a kind spot pricing.



What requires Reactive Power?

Network

|

v
Generator Usel
(1) Direct consumption (loads) and network elements.
(2) Loading— security and stability.
(3) Economic benefit: loss minimization, transfer E
capability enhancement.
(4) Current feeding fault.



Reactive Power:
Control and Pricing



System Control Centers

North-eastern Area

Northern Area
Control Center

Control Center

Central Area
Control Center

National
Control
Center

Metropolitan Area
Control Center

Point of View
S.0.: Frequency <« Global
Voltage <> Local
Gen.: Freq./Volt < Grid

Southern Area
Control Center




National
Control Center

Regional Area
Control Centers

o Economic Dispatch

o Compliance with Irrigation
Plan

o Subject to Fuel and
Environmental Limits

o Energy Balance

o Frequency Control and
Spinning Reserve

o Tie Line Flow and Power Flow
(n-1)

o Voltage Control for 230 kV or
more

o Switching Supervision

o Contact with IPP, SPP, PTT,
etc.

o System Restoration

o Voltage Regulation for 115 kV
or Lower

o SAIFI / SAIDI at Supply Points
to MEA and/or PEA

o Switching Operation

O Maintenance Transmission
Facilities

o Contact with MEA and/or PEA

O Local Network Restoration



Procedures for Voltage Control

‘Voltage Low' Situation

Adjust tap position Energize Line
Reduce VAr'ﬂfrom Gen. Units Synchrono%s Condenser
Switch oﬂff C-Bank Remove Shﬂun‘r Reactor
Switch on ghun'r Reactor Swi'rchﬂon C-Bank
Synchronous Condenser Increase VAr from Gen. Units

4 4

De-energize Lines Adjust Tap Position
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IPP Operating Characteristics [L5= %

COCs: Contracted Operating Characteristics
COC1 =Active Power

Q,
COC2 = Minimum Generation Gen.Cap. Curve

4 COC3 = Reactive Power

cOC2 R cOCl
COC4 = Loading Rate ~ J‘/ >
P

c{lﬂ%
wefl® < COC5 = De-Loading Rate

<

gewxceg COC6 = Primary Frequency Response

= COC7 = Secondary Freguency Response

Pricing: funandusia luden mammeaieeli'ld 925 Noticesiniiu
Availability Payment (AP) = Full AP — DRA - DSN — DDF




Generation-based Reactive Power

Production Cost—Model

Bid Price EPF ($/h)
($/MWh) :
Pool - : m,
ﬁ 2,
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thn —//// : Qmin =

Gen. Cap. Curve

max

Loss of

/ Opportunity

| Energy Loss

Fixed Cost

Q (AU Costs:

Active vs. Reactive)

N
Mandatory Reactive

Provision Mean




Way to Price Reactive Power

0 Cost-based Pricing

= Reactive power cost embedded in transmission
costs etc.

0 Value-based Pricing (Ploss Minimization or Network
Loading Capability or Security Margin or Power Quality)

= Short-run marginal cost pricing
= Long-run marginal cost pricing

o Behavioral Pricing

= 3 anlfueeasaluiueea (Taelides il nsznusedenuiluyanumia)



Learned Story 1: Reactive Power
Control Improvement by NCC

AB4N310 System

requirementimyy
reactive power control
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Learned Story 2: Intermittent Power

and Point of Connection
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System Algorithm and Participant’s

Roles on Reactive Power

Generator Network User

Qv

System Monitoring/Control Algorithm and Communication:

Transfer Capability, Voltage Security / Stabilitg.e

Active Controllable Q Adjustable Q Responsive Q
Passive Uncontrollable Q Fixed Z Fixed Q, Fixed p.f.
Iﬁ)% UINY (Provider): Active Devices nNOUAA Pricing AIADIAAITD

{91019U (User): Passive Devices aruan (Mdhvinesanu)



Ancillary Services/Smart Grid:

BIUAG



Services Unbundling

Customer’s Point of View

=
~~o
~

{ Want tcjrellaISIS/ consumeekah) atrlght frequency ]

andvoltage™~"7 7 e ,

Ancillary Services: (defined by FERC)
“1)-» Control/Dispatch /
. ) AT

Active Power 2) = Reactive Supply P
S : | 3) Frequency Regulation<------ -

ervice s 4)  Energy Imbalance
~-.].9), ./ Operating Reserves
6) ‘.Transmission Constraint Mitigation




Ancillary Services vs. Smart Grid

Ancillary Rosponsee
S@I‘VIC@S Supply Side Demand Side
Persons Persons
NCC
Smart Responses pemand Response
Gl"ld Supply Side Demand Side
Persons Persons




Ancillary Services:
Pathway to Smart Grid

SALGR

2
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Ancillary j> Smart

M

Intermittency

Services Grid
Control/Dispatch

Reactive Supply Participant
Frequency Reg. Responses

Operating Reserve



Wusna myvan b ludegiu
(Individual Interest vs. System Interest)

MIIAUIATOIANYUE Base Load douyin 1% Average Cost §11
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Ancillary Services: 231y 1azaanianig

N N

EGAT & IPP \
SPP Firm \
SPP Non-firm, N
VSPP

| “Ancill
cepacity | ALY
\ .
Frontier
\ 5

~ -
~ -
Il

Ancillary Services: (defined by FERC, U.S.)
1) Control/Dispatch

2) Reactive Supply

3) Frequency Regulation

4) Energy Imbalance
5) Operating Reserves

6) Transmission Constraint Mitigation

Other Ancillary Services
7)Black Start

Ancillary Services ADIN 4
159199 Gas-fired?




Power Producer Differentiation

e

P

———

Ancillary Services 8
Gas-fired R
4 steam
Cogeneration PR
7%/ Genuine

Cogeneration

, WT, Hydro

P
~—(High Fixed Cost
Price Degression
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Pure Renewables Sources




Benefit Potential from Renewables:

Steadier Power (Generation

DC Installed Capacity

DC

Inverters

Contracted Capacity
MW

(1) 9818 DC AUNY

DC

T

(2) ESS

A 4

Inverters

AC §§ AC

waseindliifumniu

MW 1
[]

v

AC §§ AC

NITNURNIE Ft

v

T4 (1) wene DC Installed Capacity (2) Energy Storage System (ESS)

1. uavihuang'lwih (AC) uhszuuAudean (Adauue Inverter) — ieywin Load Flow
2. wnuenguiivszaunily dlanavinlviAia Better Firm Capacity
3. 5u Adder (ms&atgaunavorunyuian) lutduninan Plant Factor nAnviua




Another Potential from Renewables?

Generator aaniinih Network
dareae

(Radial)
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] V.| -- Remote Voltage Control
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9 .
L“’Uﬂfﬂ Reactive Power

Y, s ) ~ Y
1.1 ﬂumﬂﬁﬂwumﬂmsmuﬂm Reactive Power N3 UUADINT

1.2 MU System-wise Control Algorithm

1.3 18299MHUA (Behavioral?) Pricing UNAADUEUDIADAIAN Control
d' = 1 =)

[AIDINDAIETY Renewables Iﬂﬂ Network

2.1 Go Ancillary Services 1182949 Go Smart Grid

2.2 Advance Expansion Planning

msaduayuIasTse Wi

3.1 Steadier Power Generation

3.2 Remote Voltage Control
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