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Abstract

In accordance with the Government’s policy, renewable power generation is expanding very

largely. This leads to increasing uncertainty in the power market and power system owing to the

intermittent and fluctuating output characteristics of renewable power generators. Data on the

acquisition of renewable power generators can be largely classified according to the operation

of the power market and power system. Data on the settlement for the payment for the power

amount are acquired in the power market, and real-time data for monitoring the status and output

of the generators are acquired in the power system. However, renewable power generators

operating in the power market have different acquisition cycles depending on the method of

communication of the power meter. They acquire data only for settlement purposes and have no

a OPEN ACCESS S NC real-time data, which requires improvement. In this paper, the acquisition status is reviewed by
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Fig. 2 Trend of Electrical power load in Korea by year

2.2 32| HAAHIS2AZ|| MAYLHY| HOlE 25

=W AL 7] 0] AAIZEHlolElE A AIF-2FAAREMS) oM 94 FEsh= 715-& Adst ] Slst
o] 1A dfle] HEAETLFZHSO) ] ALY dlole] HE 71g ZAFHIweH] o m, ZAF o afe] A
AFEFAZE vl=9] PIM, CAISO, NYISO, 7Hubee] IESO, 25-9] AEMOE ZASHITt. ai<] IS0

Journal of the Korean Solar Energy Society Vol. 40, No. 3, 2020 3



el ] =2l

F5 Vg AL 9] AuleE 715 LA Hofe F5 4= 9 H5 571 Table 13 £ EMS
oJ8] #1= % == RTUSFHCCP ol Webd 413 VPN 4] 5 et == A7) o] AR Hjo]

52 A5l 9l

Table 1 Real time data acquisition of renewable power generators from foreign ISO

Category US PIM*? US CAISO™ US NYISO? Canada IESO? Australia AEMO'”
Target above 3 MW excess | MW excess 12 MW above 5 MW above 30 MW
Path  DNP3.0 (RTU), ICCP Data Processing Gateway (DPG)  Web (http) RTU, ICCP, VPN, LDC RTU
Cycle 2 ~10 sec 4 sec 30 sec 4 sec 4 ~10 sec
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Table 2 Real time data acquisition of solar power generators from foreign ISO

Category ~ US PIM*" US CAISO™” US NYISOY Canada IESO” Australia AEMO'”
active power,
MW output .
. ’ trol system Set-point X
active power (MW) available > i(z)nca(l) lisrzllsite(rlr\l/[W) ot (0
real/reactive power, wind sp(;ed max available MW, Plane-of- Array Irradiance, wind speed, wind ,direction
Necessary irradiance P wind dIi)rection ambient air temp, Global Horizontal frradiance, ambieri ter;l ,
’ . > global plane of array ambient temp, . P,
back panel temp  barometric pressure, . . relative humidity,
. irradiance back of module temp, . .
air temp barometric pressure global Horizontal Irradiance,
wind spee din i dire’ction global inclined irradiance,

P number of inverters available
direct Normal Irradiance,
module surface temp,

back panel temp, .
ambient air temp, Direct Irradiance, ambient air dewpoint AL DL aF S g
. . ’ . ’ L . > ... global Diffused (GDIFF), duction thr iling,
Option wind speed, Global Horizontal ambient air relative humidity, g.o ' . sed ( ), reduction . ough soiling,
s . . direct Irradiance actual tracking slope angle,
wind direction Irradiance, barometric pressure actual tracking azimuth angle
Plane of Array g ’

tracking share of modules,
trackers online
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Table 3 Real time data acquisition of wind power generators from foreign ISO

Category  US PIM*? US CAISO™” US NYISO? Canada IESO” Australia AEMO'”

active power,
control system set-point (MW),

real power. . MW output e
. > active power, . . ’ local limit (MW),
wind speed, i P max available MW available MW, ( M .
. ... . wind speed, . . number of turbines available,
Necessary wind direction, . . .~ wind speed, wind speed, . .
wind direction, ) L. . . number of turbines operating,
temp, . wind direction wind direction, .
ressure air temp, air tem wind speed,
P P> wind direction,
ambient temp
ambient air temp, possible power,
. . . ambient air dewpoint, barometric pressure, wind turbines extreme
Option  humidity barometric pressure . . wp . . . o .
ambient air relative humidity, relative humidity ~ wind cutout,
barometric pressure barometric pressure
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Table 4 How to acquire data for the power market & power system operation system

Category Real time data Settlement data Real time data Settlement data Settlement data
system EMS Metering system EMS Metering system Metering system
hotline, hotline, hotline,
Path hotline telephone line, internet line telephone line, telephone line,
wireless wireless wireless

. . . Serial modem, . . . .
Serial modem, wire/wireless modem, . . wire/wireless modem, wire/wireless modem,
terminal device for

RTU meter . meter meter
data link

Sending data real time status data kWh real time status data kWh kWh

Receiving data  control signal - - - -

Equipment

Non-centrally

Centrally Dispatched Generator, . Dispatched Generator
. Non-centrally Dispatched Generator
Target Non-centrally Dispatched Generator 20 200 ) (less than 20 MW)
(above 200 MW) *Most Renewable
Power Gen
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dlo]ElE EMSZ 551, 9] ArlgFo] 20 MW ~ 200 MWl % 2Ak= A7l G E Folf 4%
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Internet
(ZOGegBI:ﬁ\N) —‘ terminal device } @7
EMS
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Generator Met LTE2G, T
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Fig. 3 Real time data acquisition of the power system
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Table 5 Types of real time acquired data

Category Status data (every 2 sec) Analog data (every 2 sec)
- Gross/Net MW
- Recloser CB above 154 kV - Target MW
- Gen CB, Gen DS MW - Real time available MW
- CB, DS above 154 kV - T/L, M.Tr above 154 kV
* Gen AGC Control - Start-UP Tr, Aux. TR
Generation facility - Special Protection System Relay status - Local Load
- UFR Relay status . Gross/Net MVAr
- Operation Mode (S/T, S/T + G/T) MVAr T/L. M.Tr above 154 KV
- G/F On/Off P VL ITEOY
- Power system stabilizer On/Off KV +Gen
- BUS above 154 kV
- T/L, M.Tr above 154 kV
- CB above 765 kV -SVC (MYAY )
- CB, DS above 154 kV MW -HVDC Line (MW, AMPS)
- M.Tr tertiary CB MVAr HVDC C.Tr
.SVC CB/DS - ESS Net MW .
Transmission facility -SC/Sh.R CB - Target MW (Set Point)
. ULTC Remote/Local - Real time available MW
-ESS CB, DS KV - BUS above 154 kV
- ESS AGC control - HVDC Pole
- ESS frequency response On/Off - M.Tr above 345 kV
TP pvbeceT
2.3.2 28 dlole 7= 3%

MR A7) Ao HEAA Fig, 49} 2ok, wz0] FeehArt A4 dloleel

Load Profileg F4(LTE Bi= 2G)”, 784, H3HAS ol-gato] e Ae40] AlgalAxle] Hgotm, Al

1) CB (Circuit Breaker, 2F7]), DS (Disconnecting Switch, &=27]), SVC (Static Var Compensator, JA]q FaH HAZ7]),
M.Tr (Main Transformer, 5 H7]), Aux. TR (Auxiliary Transformer, 25 7)), UFR (Under Frequency Relay, A5~
AIF7)), G/F (Governor Free, 57| -3-5), S.C (Static Condenser, 128 Z¢14]), Sh.R (Shunt Reactor, &= 2]H), ULTC
(Under Load Tap Changer, 5-5FA] § AA|7]), ESS (Energy Storage System, AlU]Z] Z%44]), HVDC (High Voltage DC, %3
ot 215 £7), AMPS (Amperes, 25)

2) A4S 283 Y GA HlolH e AUl FAIRA] HlolE A S W= H 2 2GLFLTERF ARSSHL ke
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Telecom psU (><)—Acquisition
. _\..compan server
Meter Wireless | __-- Router ———— —

Modem 2G

; ; Data
Meter Wire Lot Tine CSU /Acquisition
Modem server
; icli Data
Meter Wire Public line CSU /Acquisition
Modem server

Fig. 4 Overview of power market metering system
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)

, 73AFE Hlo]

HAS2 ATl wet s 17 oham, SAEAE F8 542 Table 63 .

Table 6 Features by communication method

Category Wireless Hotline Public
Method CDMA LTE Hotline telephone line
Cycle every 20 min every 15 min every 20 min 1 time in a day

Cost (monthly) 10~20 thousand won over 300 thogsand won 10~20 thousand won
(prop. to distance)

A7) 3712 BAIEPA] Z glo|g] HEZ7]9} AEAA 3]} Betels EAIH] So] ZHofA LA E 5}
o] 714 de) AT Ik, E3, Table 70144 900 MHz F14> the}e 285} 2 G HAlRCH 1.8 Gz
Zmi Todo] LTE Ale] 212 Qo 2 s x 9)

Table 7 The metering situation by wireless communication method

Wireless Main meter Backup meter Sum
2G 1721 204 1925
LTE 2819 73 2892

Hotline 25 20 45

Public 35 82 117
Sum (number) 4588 379 4969

2% 4 A0 TAES) Hole AS 0 AEAE Fig, 59} At ALl sEnj} 2al menjl
(load profile, LP)& Aste] ReiaiAo] vghA mimele] At SAGe Az Rs-230/

O
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Fig. 5 The wireless metering data acquisition
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Table 8 The metering situation by power source

By power source Solar Wind Thermal Nuclear ~ Water, Pump Combined etc
Main meter (num) 2,995 106 85 24 50 193 1,336
Capability (MW) 2,852 1,491 3,787 23,250 6,301 3,903 95,136

E3F Table 99 2] 184 124 715, WHAEE EloFd2 7.1 GW, 22 1.4 GW7E =]l Ax]=]o] §)
o, o] F T o= MGl ofstal glo] AZRHAE Sote] A4kE vlofelE HSsta 9
ot AAIE S el 71€9] 2.3 GWias ARARllA), 4.8 GW= 2t PPA AlokS Aldsto] Azf=1
et Ao A Adfiehe Bjekde ARl Bile Folk] g4k dlolHE HEsk 9loH, FHIPPA
= phfshs sjokd AR I A tAE S1] AT AlRFEA 2 A58 HEFAAMDE A=
30tS F oF 5A T AR Folu, @A AR A AL AARE dlo[EE Ak §lA] ¢ot ol AR

= =
uId7]0] Zlo] AAREO R ZAIE|T 91X et
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Table 9 Situation of data acquisition for settlement data of renewable power generators

Category Capability Power Trading Remote Acquisition data Acquisition device
Power Market (2.3 GW) settlement data Meter, Modem
Solar 7.1 GW settlement data AMI
KEPCO PPA (4.8 GW)
- Meter
Wind 1.4 GW Power Market (1.4 GW) settlement data Meter, Modem

2.4 34 AAVEEXY | ClloE] HS'EAL] )i
= AollAe AL AARE Hole et Ag- HlolH HET4e s ¢iste] @Al 29 $<

=
SCADA A28 oT 7es B8 519t H A&, FARH, FASAY S e HE

sfiet

2.4.1 37 SCADAE 83t A ZE Hlofg =gt

229kV gz AEE AMEE7] o] LARE EZolHE S AARS] SCADA AlrlofA] F
E3lo] o] AYAS-EIAAF(EMS)71A] Hlo]el S Hsl=Hoto 2 Fig. 62] shHi} Zo] @A gAY
oF 80:27] AAELZ7] o] o=t Fa4e dloElE SCADACIA F5sted EMS7A] @A Aoz &

&l 3k,

oY ARG ER) SAFHSHSY

sqs sa8
j- okt ] wELa wELAy wELry
MW MVAR mw MVAR
a8 CTEb Y -0 -0 2w age 0 0
o @ aun 0 -0 p— 0 0
aun 0 0 e 0 -0
agawss 1 o 29 = 0 0
agewas 1 0 Y ELT Y 1 0
o a agageLs 0 -0 9 e L L] -0 0
aB¥FuA 0 -0 o # a2 1 -0
agREuA 0 -0 aaaun 1 0
gaaun o 0

Fig. 6 Real time monitoring display of renewable power generators using SCADA

ol 7] 2% F<1 SCADASHEMSTHICCP B41714-& BH85to] dlolelS HEshe Aloltt. Fig, 72 2
0] 22.9 kV -84zl A2 AAET 7ol Hlole] S TEFAE 251, SCADA AJ2RI2 ICCP =

— H
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Gen device Substation SCADA
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Fig. 7 Real time data acquisition configuration of renewable power generators using SCADA

SCADAE &85t glole & &9 ZA7E v 0 & Table 1037} Fig, 87} Zo] &5 22.9 kV H-gA 2o o
ZH AWFE71 0] HSAAE H=D9]2 S 4= glom, 22,9 kV dukd o] AAE A7+
SR EALS] v Al E- A AR (DAS) oA BlolElE H5oh= Hete] 11 Folet.

Table 10 Real time data acquisition plan for renewable power generators

Category Renewable power gen Data Acquisition Data path
Distribution ~ Connected to 22.9 kV General power line DAS Field Device — DAS — SCADA— EMS
Connected to 70 kV power line, . .
. . ADA Field D — —
Transmission Connected to 22.9 kV dedicated power line SC NSNS D
Connected to above 154 kV power line EMS Field Device — EMS
Renewable power Gen Renewable power Gen
Renewable power Gen
: (Connected to less than 154 kV power (Connected to above 154 kV power
(Connected to 22.9 kV General power line) line or Connected to 22.9 kV line) p
dedicated power line)
Real time data i Real time data l Real time data
DAS Dat . SCADA Dat EMS
(Distribution power system —2a (Transmission power system —aa (National power system
operating system operating system operating system)

Fig. 8 Real time data acquisition configuration plan for renewable power generators
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k. olE flsiite Hadet SRl @ AL 7let Aol 8= Heto] Ak loT gz o i
ol Gasir}, 71&] H-eA 7| 549 314 Q7 (B 509H/ )T RTU A4 <] ALafH]- & 19
)2 o, loT SEFAE At AAVE AARES] FAME RS sfastal EMSe] AAR
A B Ao F8e I =YL 4 Utk o] ®HA e A8t VIR = AdulgEe] 1 MW 2320 MW

=
ofsfol AL, 154 kV oA Aol QAR AAVREA7)S thako 2 Ak Folh,

r
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Renewable Monitoring Facility ||~ IoT Internet
Power Gen (in Field) Device

EMS

Fig. 9 Real time data acquisition configuration using loT

2.43 Gt AeEAe] Hgo 2 AL Yolee| A5

AR FEATHOAIE BRI LGuhe defmle] 51804, A9, 7|98 So| A 174
2 wAak Gk, otk el Hatste] Al Elsis Aee 4] 55
AAS Table 113} k.

Table 11 The type and quantity of meters in power market

Manufacturer Landis+Gyr

Actaris ION ABB
Operating quantity (number) 3,108 1,153 545 169
S, A =dioll A A8HAL e AR A FA ] Al =2 Table 1291 200, A7) 9] 4=
T APl A At ¢ ﬁﬂ/‘i—t— ARGl AT Hiel Zo] P AT W 34 Algel 7hs
sfofol s, 1A &

1 2 EF(Device Language Message Specification)& 5~8-51{oF $it},

Table 12 Metering Item of Domestic Commercial Meter

Category (of Meter) Metering data Phase Metering direction

. active power (Wh), reactive power (VAr), apparent S
L | 1 - . P 1
ow voltage electronic meter (G-type) power (VA), peak power, TOU (Time of Use) 3 bidirectiona

Low voltage electronic meter (E-type) active power (Wh) 1P

unidirectional
Advanced E-Type active power (Wh), reactive power (VAr) 1P bidirectional
Low voltage electronic meter (CT integral type) active power (Wh), reactive power (VAr) 3P bidirectional

. . voltage, Current, phase angle, active power (Wh), e
Hi | 1 -T . P 1
igh voltage electronic meter (S-Type) reactive power (VAT), apparent power (VA), peak power bidirectiona

o
~
o
o
o)
1
oft
)
of¥
2
l
N

A2 A E A (G-type) ARt 119 424 A=A S—type) 7t A

APFo] EQIEh 4= Qlo] o5 HAHTAIE gito g A k] ofBE AESIY ow G-type AHFA2] F
Q FAL ol Table 137} 2o},
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Table 13 Key Specifications of G-type Meter

Category Specification of G-type Meter

Allowable error This meter has precision of active power (class 1.0), reactive power (class 2.0), apparent power (class 1.0)

The interval between LP records shall be one minute, five minutes, ten minutes, fifteen minutes, thirty
minutes, and sixty minutes. (Five-Minute Interval 8 Channel / 4 channel : more than 11 days / more than 21 days)

A three-phase instrument shall be a three-phase supply method that operates normally when any one or two
defects occur in the external supply source.

Memory

Power

4, Gtype A= A 5180471 1,030 HUEES 7IAm e Table 149] A4 23
7o) Wk} 10 MW ofs} 8] 9] 5 Hefero] 183 4= 9lrt.

Table 14 Tolerance of meter

) ) Main metering Facility Backup metering Facility
Generation Capacity
Meter PT/CT Meter PT/CT
over 20 MW within class 0.2 within class 0.3 within class 0.5 within class 0.5
20 MW ~ 10 MW within class 0.5 within class 0.3 N/A N/A
Less than 10 MW within class 1.0 within class 0.5 N/A N/A

Grtype HFA AP, LP 715214 52 717 SR H§9I9S 29 119 o g2o] dofels
A =

Fateh. Wb, G-type HAS AAR] 5817 ST, G-type A 719187 31 T 10

MW ofst A7 8 eiebAle] Flelgake 119 o) nEstes AeAges o] 440] L asict

Table 15 Main specification for meter in a power market rule

Category Specification in power market rule

Allowable error  The power of a meter shall be supplied by PT and a separate power source(AC 1P, DC etc).

Phase In principle, 3P4W is required, but if inevitable, 3P3W can be selected.
Non-volatile memory of the required capacity shall be built in to maintain and preserve recording data of
Memory . .
eight channels and five minutes for at least 50 days.
Power The power source of the meter shall be supplied by the variable (PT) and a separate power source (AC

single-phase, DC, etc.).

G-type A M2, 9 ddT=

ofF HY, S PT et M o] ot 37 8-t A0l e nlEattt. whehAl, G-type HERAIS A2 Aol 5=

_,4
o
S~
o
ol
ok
k
=
=
(@]
93
®
My
X
)
B
>
o2
Mo
of
=1
»
=
=
ko
-
ol
el
rr

3) PT (Potential Transformer, #|7|-8 ¥147]) : AU Wo| A=eA 59 A|ol Y-S 5ok HA7I
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8317 SI8IAIE PT Aleho 2 efeple T5ohe S deAakeale] 44o] wasitt
SHE, S—type M) 5.8 2L Table 163 R, T19H HAHA] HABA(S-type) AA 518

92}, 719-85F 9 A 5 MGG T2 9] QTARES tiFE $5351H, G-type} S—type M FA2] F
9 F4s HES 23S FSHA Table 173 Ztt

N

Table 16 Key Specifications of S-type Meter

Category Specification of S-type Meter

This instrument has the precision of the effective instrument (class 0.2 and 0.5), the invalid instrument (class
0.5 and 1.0), and the superficial instrument (class 0.5 and 1.0).

Allowable error

Memory It shall be possible to store at least 18 channels (up to 64 Bytes, 180 days or more) at intervals of five minutes.

The instrument shall be capable of operating data communication and LCD displays using external DC power

P . . .
ower sources, such as DC switchboards and UPS, even when no voltage is applied through the MOF.

Table 17 Review results of major specification

Specification Power market rule G-type S-type
Allowable error Class 0.2, Class 0.5, Class 1.0 Class 1.0 Class 0.2, Class 0.5
Phase 3P4W enough (3P) enough (3P)
Memory Five-Minute Interval 8 Channel, insufficient enough
at least 50 days data record (at least 11 days) (at least 180 days)
Power Dual Power (PT & the other) insufficient (only PT) enough (PT & DC)

24448 FARDS B8 AU dolH A5
AR 5 A1) 5 AT} Fol ) Aol S1X/5hE R, A8k Ei A 84} e AL
L FAAo] 791Gt dlol] 715 HhAle] felstct 20194 5 71, AR A

D ASHALS 2§k gt AeAAE FARGL ARl RS-232C ARFAIsto] Az e
HolEIE glo] 2] BAIRTE] BAQG EE TR doles A4t

=
=

of
)
Mo
o
O
X
=
ol
Ne)
3
N
L

= A=A A8 T FARH O 2= oA 2ok SRt AAEE FARY, HUY] 5
o817 AAAUE Zig-Bee FARH, G-type W18 PLC =¥, Y AMIE LTE FA12H] So] gir}.

g BARRS] 2P PEATL, QY PAE A TaREe] dlole] FS TEE Fig, 107 20w,
ol= ABAPoIA 24 SR AlFAI L HoA FAYE Fol BlolElE FSche 1A FAlse] 71E AlA|
A22] Z o] GolstH,
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LTE Wireless Standard High
ﬂ/ modem Voltage meter (old)
General High Voltage
server (KEPCO) compary server Remote Wireless modem
Base station LTE
Wireless Standard High
modem Voltage meter (new)

Fig. 10 Wireless acquisition for high voltage remote metering

= T
AN 24 Z21 AFA Landis+Gyr, Actaris, ION, ABBSH $H AECIA Eolo] 7R el

2.4.5 LTE $4%2 8 A L7] Hlolel 5%
AAPEEA71 9] 7441 dlolEer AARE HlolHE LTE 741 8A1g= E-8510] &A1 el 3o Table

183} 22 2742 F1ste] gelole] et Ak AEEEES AN 5 9l

-0 T

Table 18 Data Transfer Conditions

Category Settlement Data Real time Data
Active power (net), Active power, Reactive power,
Data type Lagging/Leading reactive power, Irradiance, temperature (solar),
Apparent power (opt) wind speed, wind direction (wind)
Transfer period every 15 min every 1 min
Reading period every 5 min every 1 min
Transfer Data past 24 hours past 1 hour

kg dlo]E 9] Wl718 Fig. 1137} o] 13 bytes2 74T 4= 9101, 216 bytes2] sll5] 7T A djo]H

of| F71ert. olle] AR 2= A ARAL AL AFHP R, MEFA K, A7 44 59 FEIF 2T
13] 4] ARG Hlo[E] 9] =216 bytes + (13 bytes X 1270/AIZF X 24A17D= 3,960 byteso|H, 0] 7]
gho 2 17 Et 5= = tlofe 9] 11 E APdsHH 3,960 bytes X 43)/ AT X 24A7H/ A X 319=11.78 MBO]
T} E3E o] Hlo[ElS A5 9ol 4 7ER= M4 Q1S T3 960 bytes X 8 bit + 155 + 60%=35.2 bpse]th.
A7 dlolEf o] TZ1-E Fig. 1237} o] 18 bytes® A 4= QL.ow, 13] AA] A7 glo]g 9] R

210 bytes + (18 bytes x 607H/AIZFX1A17h)= 1,290 bytes|™, o1& 7IHe.=2 174 tlo]& 9] 125 AFgshH
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BBy | @byie | IFBye [ Tioyie | Py e P e
LR PP PR PP LT LT min T hour T day month vear
min_| bow | diy month] ___yer LT T CT T T L ET]
9" Byte 8" Byte 7" Byte 6" Byte OB status channel § channel 7
RRRRARARNANANANNNRNNRRN NN N )
reading channel 4 channel 3 HEEEEEERINNNINNEREANNNEEEEEEEE
status (apparent power) (leading channel 7 channel 6 channel 5
5™ Byte 4" Byte 3 Byte 2" Byte By 5“‘ B(yTt et kXQByte ( };‘S“SBI;‘(\Z)
L P P T T T T T T IO O O L T T L L L T
channel 3
rea((;:?i?/le]tng(l)gver) (lagg?r?;;;lccztive) Cl(lzzﬁsle : channel 5 (ESS ill;atn”l{l(ftla? kVar) (irrad;?)ggz,) wind
st 2nd Byt 1st Byt
IByte EEEENRNANARNAN
T LT
channel 1 (temp, wind (riﬁrr%?g;:f
power) direction) nunning)
Fig. 11 Structure of Settlement data packet Fig. 12 Structure of Real time data packet

1,290 bytes X 603]/A17F X 24A17H/QD x 31¥= 57.59 MBo|H, o] glo[e]o] Adol @ 1LE HH&ELEE
1,290 bytes X 8 bit+60%= 172 bpso|ct. ZJAHg Hlo[E| 2} HAIZH HlolHE & HlolH 1+ 11.78 + 57.59=
69.37 MB/QolH, H|4 Q7&5E 352 + 172= 207.2 bpso|th. AARE tlo]e|e} A7t Hlo] o] FRe} ]
2 @5 S 7J2]oPH Table 199 e}, AIPAEEZ7] 9] Z4Hg HloE| 2t A AT Hlofe] o] FA] H5-& $lot
o] LTE %219] 48 QaA1= Table 203} 20w, 7448 2 AAZE glo|e] o] 557} HlolH 12 55 11

2% 79 LTE B419] 48o] 526 Rsatekn 2 5 4,

Table 19 Review results of data transfer

Data Data size (monthly) Communication speed (minimum)
Settlement 11.78 MB 35.2 bps
Real time 57.85 MB 172.8 bps

Sum 69.63 MB 208.0 bps

Table 20 Commercial rate system of domestic communications companies

Category LTE
Data size (monthly) 2 GB
Communication speed 100 Mbps
Communication fee (monthly) 16,500 won

2.5 U HAVYLA7|9| LARECIOE] 25 7IE
A7) si9] A=A G2 AL 5 710 =5l AAEE7] glold =Rl Histe
=03, o5 HIE 2.2 Table 213} o] ¢2|uzte] AAVEEH7| HARE HlolH H= 7|&ol| Histe] Al
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St gk, Selupel A7 o] AR Hlole] F15 7158, 7120] AEHel W71 Hole A5 7]
23t F5 AAS Defst, AAEEA7]0] Telgero) Aol 4E Telstel, Belg o] 20 MWE 27}
S} RTUS: A21510] HolElS S3HES 5111, 20 MW ofsh A7 | A2 oA g sk ool
A3 2 HolEiE F5slolof she Wigto] vl IS Aotk Eat, 1S i dlole 2, sle] deAsegs

S AeE HEote] B H53he HlolB S ASIeIok ot 5, HioRd B4V wra/FadE &

fijo
>,
>

o Eshe v Z8517] Slete] W FSlolop gk, FeAy] £ AAE L9 91 Ga/Ra

22 of
2ol ASoka njg) SR 52 Sltol F4, T 2L 71 dole S B4 A5 sjolo} dick

=
=

i
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Table 21 Real time data acquisition plans of renewable power generators from Korea

Reading data in real time

Generation Capacity Reading period Device Comm. -
wind power solar power
excess 20 MW every 4 sec RTU hotline - active/reactive power
- wind power/direction - active/reactive power
excess | MW, within 1 min ~ ere than terminal ~internet, . Number of turbines in - irradiance, temperature
less than 20 MW device for data link  hotline  peration

AR 71 9] AARE glol = AAlE Fg. 133 2. 1 MW ofae] &gt ALY = 2
229kV Azo] Ao ez, AAf 2F5 HIANS R AL (DAS)= B3l 247] wa/Fa =9
glo|ElE F5, SCADAES 53 ICCP Z2 EZ 2 EMS7HA] 253t &= itk 1ok 1 MW o]5}e] AlAjAEr 7]
7Held =7 od 154 kV S8 d =2 0f] AAE Z-9-ell= 1 MW 23 20 MW oJstof] £5h= 1782 &rok=
= Slofof gt

Renewable power Gen| DNP 3.0 L}i
(excess 20 MW) RTU FEP
Renewable power Gen| . . 1 Internet E EMS
(1 MW ~ 20 MW) Terminal Device ] Link server
Renewable power Gen ICCP .
(Less than 1 MW) DAS SCADA Data Linker

Fig. 13 Real time data acquisition configuration plan for renewable power generators

& =gl mlAE Y2 L2I5te] Table 2291 Zo] AL 712 Alof 7155 s=-stofor ottt =, 2vlE-
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Fol 1 MWE 2she A7 = EMS2HE 9] SxE=gholu 3/ &2 Alojileof w2t
AA 02 ZHS AojT 4= e 52 2511, 1 MW o5t AR 7= Z1g7t Aol A TAE 25 H

o] Alo] Aol W2 EE 7L BAIlelof g,

Table 22 Control plan of renewable Regenerator from Korea

Generation Capacity Control time Control mode Control way
excess 20 MW transfer generation output
) . o remote control
1 MW ~20 MW if necessary generation output upper limit value
Less than 1| MW stop generation output local control

£
s

2.6 LIAAHHY| lO|E{2] EMS
AAPEEA7| =5 5 QAR 712, 85, H7] S35 tlolE e nAHA] Fheot -2 71 H
[E1E FAsto] st o5 Hlo[HE &8st AR 29 oS ida A4 4 QU Fig. 149}
to] mlf} 7] gtolelE ASRde] fgto s B, njd A A7) 223k dSst, d5H
Zdgho 2 EMS9] Az HEE7] 715 A2 A1E) (Unit Commitment, U)ol 284 g 8H8, 4-312iibd 7]
O] 71582 AE S e 4 ek T1E A7 = S AIA o ek S50l 9ok, EMSO] At
S &AA11(Auto Generation Control, AGC) -8t = Zoptthd iy 7] o] 17 47 53 &2
Ars-elet A AASY] FupE HA Faeg AGSH]| 2lEsh= o mgo] Hoh T3 AP
o] &Aooz, B FHd R 52 AYXFE 24, A= Aot T2 A=A k] sljad

Lo

o

N

.. Local data .
(irradiance, temperature, wind

speed, power output, etc)
. Predict renewable power Generator start/stop (UC),
Predlgtllon > generator’s output —» | EMS |—  Control Generator output (AGC),
mode Solve Transmission constraint
L =

t t

weather data (past) weather data (future)

Historical
data

Fig. 14 Application of renewable power generator’s data to EMS

548
= oA AL 9] Hlole SRRkl wote] =sl3itt. fA] A7 o] gz Qlet e

A% 299 oleteat Fy e dolelo] A5 WS Esjglon], shele] BARE dolel 5 Aelg 24t
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