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SUMMARY

Wind power is now one of the most promising resources in renewable
energy. However, it has to be limited to install the wind turbines because the
power system can be negatively influenced by a variable and uncertain nature
of the wind energy.

This paper presents a method for calculating the wind power marginal
capacity in Jeju Island in 2020. A MMC-HVDC system is suggested to
increase the capacity of wind farms. The advantages of the MMC-HVDC
system over other VSC-HVDC system are low harmonic, large power
capacity and high reliability.

For the computer simulations, MMC-HVDC, wind farm, thermal plants and
STATCOMs are modeled. To analyze the effect of the MMC-HVDC system
to the wind farm in Jeju Island, three kinds of scenario are applied to the
simulation by using PSCAD/EMTDC program.

1) 400 MW wind farm is in an unexpected fault from the Jeju power grid

2) the steady state operation under the variable speed wind

3) black-start by using MMC-HVDC system under the blackout in Jeju

power system

These studies will be useful to analyze the quality of Jeju power system
considering the effects of MMC-HVDC system at the wind farm. Moreover,
the MMC-HVDC system which will be installed in Jeju Island in 2020 is also
an effective method to increase the reliability of the Jeju power system with

large scale wind farms.
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Table 3 Parameters of the MMC-HVDC system

Rated power 200 MVA
Rated reactive power 100 MVar
AC system voltage 154 kV
Transformer ratio 154 kV/594 kv
(Y/2)
Modulation Index 0.97
Transformer power rating 250 MVA
;Ezizsgfs rizzztance 0.01 pu
DC link voltage 100 kV
Number of SM 20 ea
Voltage of SM 5 kV
Sub—Module capacitance 5000 uF
Arm inductance 10 mH

Fig. 132 PSCAD/EMTDCE o]&3}lo] MMC-HVDC Al2¥S mdgst Aol
=

R0 . & R=0
l ﬁ@ B Mmc ez —— & @B — |

Fig. 13 Modeling of the MMC-HVDC system:
single-line diagram
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Asto] FEAHL FH 200 MW7HA] &-5d8 4= Qo Hiros Fadd
S 0072 Aosle] JES 1E vk g o] AAES AEe RaAHS
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Table 4 Parameters of power generation facilities in 2014

Generation Installed Operating range | ramp rate
Facility Capacity | Min(MW) | Max(MW) | (MW/min)
Jeju T/P #2 75.0 45 79.0 1
Jeju T/P #3 75.0 45 79.0 1
Jeju D/P #1 40.0 28.0 40.0 1.2
Jeju D/P #2 40.0 28.0 40.0 1.2
plans to
Jeju G/T #3 55.0 16.0 44.0 5 eliminate
in 2018
NamJeju T/P #1|  100.0 50 103.0 5
Nam]Jeju T/P #2| 100.0 50 103.0 5
Hallim C/C 105.0 41.0 90.0 8.7%2
Wind Farm 108.3
Solar energy 6.9
LFG 2.2
small hydro 0.46
Haenam-Jeju
HVDC 300 40.0 150.0
Jindo-Jeju
HVDC 400 60.0 200.0

Table 5 Status of wind farm in Jeju in 2014

Name of Farm

Total Capacity (kW)

Hangwon 13,445
Hangyeong 21,000
Sinchang 1,700
Woljeong 1,500
Woljeong (offshore) 5,000
Seongsan 20,000
Samdal 33,000
Gimnyeong 1,500
Gasiri 15,000
Wollyeong 2,000
Gapado 500
Total 114,645
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Table 6 Wind power marginal capacity in Jeju Island

Year 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Minimum load 367 | 382 | 398 | 414 | 431 | 448 | 465
Thermal plant 155 | 155 | 155 | 155 | 155 | 155 | 155

HVDC #1 40 40 40 40 40 40 40
HVDC #2 -200 | =200 | =200 | -200 | =200 | -200 | -200
HVDC #3 0 0 0 | -200 | -200 | -200 | -200

Wind power marginal
2 403 | 419 | 436 | 453 | 4
capacity without HVDC #3 37 387 03 9 36 23 70

Wind power marginal

capacity with HVDC #3 372 | 387 | 403 | 619 | 636 | 663 | 670
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