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A Strategy of Increasing the Wind Power Penetration Limit with
VSC Type MMC-HVDC in Jeju Power System

Seungmin Lee', Eel-Hwan Kim', Ho-Min Kim', Sang-Heon Chaez, and Ngoc-Thinh Quach®

Abstract

The Jeju Special Self-Governing Province is currently promoting the "Carbon-free Island by 2030" policy,
which requires the use of renewable energy instead of fossil fuel so that the island will have no carbon gases
generated by 2030. To implement this policy, the island plans to build a wind power plant capacity of 1.09 GW
mn 2020, this wind power plant is currently ongoing. However, when wind power output is greater than the
power demand of the island, the stability of Jeju Island power system must be prepared for it because it can
be a problem. Therefore, this study proposes a voltage source-type MMC-HVDC system linked to mainland
Korea to expand the wind power penetration limits of Jeju Island under the stable operation of the Jeju Island
power system. To verify the effectiveness of the proposed scheme, computer simulations using the
PSCAD/EMTDC program are conducted, and the results are demonstrated. The scenarios of the computer
simulation consist of two cases. First, the MMC-HVDC system is operated under variable wind power in the
Jeju Island power system. Second, it is operated under the predicted Jeju Island power system in 2020.

Key words: MMC-HVDC(Modular multilevel converter-high voltage direct current), Wind power penetration
limit, PSCAD/EMTDC, Jeju Island
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Fig. 1. Schematic diagram of the MMC-HVDC system.
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Fig. 2. Control diagram of MMC-HVDC system.
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Fig. 4. Structure of Jeju Island power system.

TABLE I
POWER GENERATING SOURCES IN THE JEJU
ISLAND POWER SYSTEM

Installed Op;}gaing
Generation source capacity Min Nax
MW v | g
HVDC #1 (Haenam-Jeju) 300 50 150
HVDC #2 (Jindo-Jeju) 400 40 250
Jeju T/P #2 7 46 79
. Jeju T/P #3 5 46 79
Jeiu thermal =00 e | 40 | 28 | 40
power plant 1= Dp . | 40 | 8 | 40
Jeju G'T #3 5% 16 44
Namjeju | Nerjeju TP# | 100 5 | 103
thermal
power plant | Namieiu TP# 100 56 103
Hallim Hallim S/T
thermal Hallim G/T #1 105 41 90
power plant | Hallim G/T #2
Wind farm 221
Total 1511
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TABLE I
WIND FARM PLANNING, MINIMUM LOAD, WIND
POWER PENETRATION LIMIT AND OUTPUT LIMIT
OF WIND FARM IN THE JEJU ISLAND POWER

SYSTEM
Wind farm | Minimum Wind power Output limit
Year planning load penetration limit | of wind farm
(MW] [MW] [MW] [MW]
2015 221 390 144 7
2016 290 407 161 129
2017 310 426 180 130
2018 606 445 19 407
2019 846 465 219 628
2020 1,090 486 240 850
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Fig. 6. PSCAD/EMTDC model of the generation source.

TABLE I
PARAMETERS OF THE MMC-HVDC SYSTEM
Quantity 200MW HVDC
Rated capacity [MVA] 200
DC-link voltage [kV] +50
Sub-module capacitor [UF] 7800
Norminal frequency [Hz] 60
AC system voltage [kV] 160
Transformer ratio [kV] 160/50
Number of SMs per arm 20
MMC switching frequency [Hz] 250
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Fig. 7. The operation on 200MW MMC-HVDC system
under variable wind power in Jeju Island power system.
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TABLE IV
STANDARDS OF KOREA GOVERNMENT FOR
VOLTAGE AND FREQUENCY

Quantity Value
Voltage 139~169 [kV]
Frequency 60 + 0.2 [Hz]
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Fig. 8. Measured active power of the Jeju Island power
system in April. 12, 2014.
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TABLE V
LOAD AND WIND FARM CAPACITY FOR
SCALE-UP FACTORS

Year

.
Quantity 2014, 4 2020

Maximum load (MW) 716 934
Wind farm capacity (MW) 123
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Fig. 10. The operation of the MMC in Jeju grid side

(a) dg-axis current of MMC; (b) Active power of MMC;
(c) Reactive power of MMC; (d) Capacitor voltage of
MMC.
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Capacitor voltage of MMC.
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