RAMOJLAR] S CH|E {3t OlH{E| 7] 4 342

(Inverter Technology Development for Preparing®”
the Expansion of DER £y

\

|1

2022. 05. 17

ol M2l / x=0|

(B oy B oo !

KEPCO Research Institute / Jongmin Jo




List

l. Status of Distributed Energy Resources
Il. Increasing H.C for DER | — Voltage Management
lll. Increasing H.C for DER Il — Flexible Interconnection

IV. Grid Stability — Fault Ride Through



Il Status of Distributed Energy Resources

% Response of Climate Crisis

" 2050 Carbon Net-Zero Emission ;Global Agenda = 138 Nations (2021.8)

SWEDEN CANADA FRANCE = NEWZEALAND CHINA FINLAND JAPAN USA
S - - e =

" L‘
President
Enactment Enactment Announce Enactment  Enactment LEDS Announce LEDS Announce promise

< Step by step promotion of the government’s ‘2050 Net-Zero Emission’

('21.6) 2050 Net-Zero Scenario* — ('21) Establishment of Key Policy — (~'23) National Plan Reflection
*Total 5 proposals (75% reduction in greenhouse gas compared to 17, Gen. portions: Coal 4%/RE 60%) (& : 2050 Net-zero policy, 20.12)

Facility Capacity (Hoxt HH+Z7|241E , '20.12)
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IN Status of Distributed Energy Resources

% Future's Energy System Prospects in Korea

= |arge—scale centralized long—distance = Small-scale production/consumption in the region
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[Ref.] Measures to revitalize distributed energy led by regional initiatives (Ministry of Trade, Industry and Energy, 21.3)




Il Status of Distributed Energy Resources

Cap. of Transaction Type (‘19.8) axzza  DER connected Cap. (‘19.8) No. of Transaction Type (‘19.8)

. 18,000 3,700%, -

1522MW, 8% o AXAE HY R = . | 7 53,1714915,
‘ N 5,625MW 12,869MW ~

14,000 (2277H¢) (485.6047H—+—)

Total 10,000 70% Total

7.377MW,
0% 18,494MW N 9.595MW, - T/L D/L 485,604
52% O

o 88%

s A& =PPA = HHHY ; 154KV 0] A} 23kV 0|35} = AIZ7He =PPA = &HHz2Y

Cap. of Contract Type (19.8)

182MW, 192MW,
218MW, ility’ '
2 SABMW. 29% 2% o Facility’s Capacity
25% ~  90[kW]~  100(kw] 500[0kw] 1[Mw] | [l

2,837MW, 90[kw]  100kW] ~500[kW] ~ 1[MW] ~

/ 25%

No. 38,114 47,891 23,533 4,701 1,478 115,717

Total
11,347MW
(KPX,PPA)

Cap.
(MW) 1,202 4,712 5,255 4,111 3,248 18,528

2,560MW,

920 2.510 MW, Status of DER with D/L (22.9[kV] or less) (22.2)

22%

= 30kW O[5} ®=31™60 KW = 61790 kKW 91~100 kW = 101500 kW = 501~1,000kW = 1 MWZET}




G Hosting Capacity’s Determining Factors

% Feeder hosting capacity for DER
= Limiting hosting capacity : Over—voltage 75%, thermal overloading 25% (Xcel Energy)

Hosting Capacity's Determining Factors

Substation TR Voltage Changes Sympathetic operation Power Islanding
Wired in MV grid Permissible range Under reach operation Operational Flexibility
Pole TR Voltage control scheme Increase of fault current Reconfiguration
Wired in LV grid Tap control scheme Reverse power flow Resilience
PR c:::::um Hosting Capacity
7 o Y J, !
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Protection gg { 5 ::. B s%:':’:%&:w
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Increasing H.C for DER | — Voltage Management
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‘D/L voltage must not deviate from the proper voltage due to DER connection'
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v" (Method 1) New connected DER : Smart Inverter's grid support functions
v" (Method 2) Legacy connected DER : Reactive Power Control of Monitor&Control Device
v" (Method 3) Voltage managements cooperative control (OLTC + SVR + DER controls)




Increasing H.C for DER | — Voltage Management
= (Method 1) New connected DER : Smart Inverter's grid support functions

-> Smart Grid Group Std. (21.11), KEPCO grid code (T-21.3, D-'21.12), KS standard ('22.9)

1 Volt-VAR 0] O
2 Q set point @) O
3 Fixed Power Factor 0] O
4 Watt-Var - O
5 Volt-Watt - O
6 Frequency-Watt O @)
7 P Limit 0] O
8 Normal-RAMP @) O
9 Soft Start-RAMP - O
10 Low/High Voltage Ride-Through O(Only LVRT) O
11 Low/High Frequency Ride-Through O O
12 Power Stop @) O
13 Disconnection and Reconnection - O
14 Anti-Islanding - O




Increasing H.C for DER | — Voltage Management

=  KSGA-025-15-2 Functions of smart inverter for photovoltaic to support the power grid —
Part2: Requirements and test methods for transmission system
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Increasing H.C for DER | — Voltage Management

» KSGA-025-15-1 Functions of smart inverter for photovoltaic to support the power grid -
Part1: Requirements and test methods for distribution system
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Increasing H.C for DER | — Voltage Management

= (Method 2) Legacy connected DER : Reactive Power Control of Monitor&Control Device
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DER Fixed Interconnection

DER Hosting Cap. = DER Installed Cap.

= Suitable for low connected DER

— Priority for grid stability

* Requirement of reinforcement facilities

when DER connection increases

- Increased investment cost
A

Hosting ~ __oe====== ~
Capacity (t) .--=""
’I

——————

—"
5P
-

Real Power (MW)

o
-
a®
-

DER Output (t)

. " N N,
gy Conventional Limit

~
S
e

% % &4 : EPRI, "PRINCIPLES OF ACCESS FOR FLEXIBLE INTERCONNECTION : COST ALLOCATION MECHANISMS AND FINANCIAL RISK MANAGEMENT", 2020
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Time

Increasing H.C for DER [l — Flexible Interconnection

Real Power (MW)

\
DER Flexible Interconnection

DER Hosting Cap. = DER Operating Cap.
Needs to be applied when the DER
connection increases

— Minimize investment cost

Control method after pre—connection

— Monitoring and control tech.

A

-
s 7S

~~~~~~~

DER Output (t)

v

Time



Increasing H.C for DER [l — Flexible Interconnection
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M.TR in substation hosting capacity standard :

Installed Cap. 50[MW] = Operating Cap. 50[MW]

Distributed Line hosting capacity : Installed Cap. 12[MW] - Installed Cap. 14[MW] + a

- DER with accumulated Cap. exceeding 12[MW] are conditionally connected (P curtailment)
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Grid Stability — Fault Ride Through

 Increase in DER based on PCS(Inverter) : Reduction of grid inertia
Grid code: Frequency Ride-Through' requirement — maintains P gen. even when Freq. drops

Reduction of inertial energy due to DER increase — Rate of change of frequency

o8 % Grid fault example in Texas

= Similarities : Loss of same-
Y 890MW Loss, July 2009 scale power generation

(675MW from wind generation)
890MW( 09) — 837MW(10)
= Difference : Increase WT gen.
675MW(‘09) — 4,300MW(*10)

= Inertia decrease due to the DER
increase of DER

0.027438 HzfSec

95 0,066403 HZ[Sec

\

\
sag \
\

837MW Loss, March 2010
(4,300MW from wind '
generation)

= |ncrease in frequency drop

= Possibility of dropping out of
50 53 56 59 & & & n % ” © addltlona| DER

a7




drop

Large—scale blackout in UK: 2019. 8. 9. 16:52

h%llall

Gu

National Grid blames hghtmng stnke for blackout
0fgem to launch investigation after two power generators tripped offline

Jillian Ambrose, energy correspondent, and Gwyn Topham
Tue 20 Aug 2019 0741 BST

National Grid has blamed a lightning strike for Britain’s biggest blackout in more the

after it caused two power generators to go offline.

Grid Stability — Fault Ride Through

% Freq. drop due to grid fault = Thermal—electric & RE plant loss = Large—scale blackout

400kV T/L ground fault (Lightning strike) = Instantaneous (80ms) voltage drop = Plant
shutdown = Freq.

Circuit fault

Eaton Socon-
Wymondley
(16:52:33.490]

Circuit cfbsed on
DAR

(16 5#3&

Fault cleared
[16:52:33.564] |
Hornsea loss of 737MW Bll’é’%%i(%ﬁ)
| 116:52:33.835)
Little Barford ST trip 244MW 3}3 %’a(gﬁ)
| (16:52:34)

71 Increase in transformer loadings

(Loss Of Mains) ~S00MW

Frequency is
restored to SOHz
[16:57:15)

ALK 21O /

Fr,’ue y fall
aggested at 49.1Hz
#6:5%'58)

[ ST )

ATk Sﬂ(ﬂl”) \
Embedded £9
gen. loss 200
MW @49Hz2

/ Little Barford

GT1btrip 187MW/

[16:53:58)

'l [16:52:34) L AT
. /
\ Frequency response Little Barford GT1a trip
\ | recovers frequency to 210MW [16:53:31)
\y 49.2Hz 7 A
\| he:s3a8) >4 /

‘iR [16:53:49.398)

! / Frequency breaches 48.8Hz triggering LFOD

Voltaﬁe Magnitude
Short Circutt occurs

Curcut de-

VORBOO (OCOVONS

L7

"B5%: HoAfE
194274 40 ¥ H

ESO National Control instruct
actions to restore frequency
limits and restore frequency
reserve services.

What are the questions rais
blackout?

“p #




Weather dependence, Demand variability

Diff. in supply manage + Supply variability
Asynchronous

Connection

Increase RE capacity Inertia, Short-
Synchronous gen. | circuit Cap. |

Voltage [P.U]

1.20

1.10

100 [P=mmm

0.90
0.70

0.50

Time [s]

0 0.15 1 2
—/ ﬂé.‘:-'?- T SHSK| e [ E=P|
 — = VI XX Fa AlEs

[L/HVRT curve of Distribution System]
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Grid Stability — Fault Ride Through

Correlation between inverter—based DER Increase and grid stability

RE Increase Variability Increase Diff.(Supply/demand) Reduced
Stability

* Freq. stability
RE (PV, WT) Replace Existing Gen. Weak System * Angle stability
* Voltage stability

Egi

100r%

o
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= s |

[ ?
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| EHIES) EE R R gt

WHE ) S DR

L B

EIEI'V- N‘H ﬁi-ﬂ. 8(;’7- 100%
SEUF ST [q/n]

[LVRT curve of Transmission System]



In the Future..
% National-wide Renewables Management System (Plan)

Stochastic forecasting Curtailment & dispatch
for renewable output (Remote control) curtail ==3==---_

Priority

Grid stability Solar power dispatch
: by rule
Dispatchable . A
g=] R must-run generator
= generator
25
fa Pt
5 o HVDC transmission line
0 =
o 5 .
& Setting value
CRNVINGOLIGGIEN  \/oltage Ride—Through Frequency Ride—
contral) == =
...................... _ = : - ST, e
Fault stability | ; v PP | N
Power quality| - e [ ||
I s {7
L-J l.m’ .

B
»

New Flexible interconnection method

Protecting
from over-loading

Firm interconnection # X

Expanded

Increasing
hosting capacity

Hosting Capacity [MW]

Grid over-loading analysis Curtailment of peak
(Remote control)

tima

= (Real-time) Establishment and Linkage of integrated control system : RMS « LRMS < ADMS



H-—-n_mm—.
PR

,.Emum-:- LS
R




