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SUMMARY

In isolated microgrids, power system reliability and stability problems arise
with peak demand load and renewable power generation facilities. In order to
solve such surplus power and insufficient power problems, research on the
balance of power supply and demand through bi-directional power trans
-mission in connection with other systems using MVDC (Medium voltage
direct current distribution) or HVDC (High voltage direct current
transmission) is being actively conducted.

This paper proposes a method to automatically control distributed power
output by connecting MVDC between microgrids. The proposed method
operates a microgrid based on the constant voltage variable frequency control
of MVDC. In addition, the power supply and demand situation of the
connected microgrid is identified through the magnitude of the DC link
voltage. According to the frequency determined in MVDC, the output of
BESS(Battery energy storage system) is adjusted, and MPPT(Maximum
power point tracking) control, or curtailment control, is performed for wind
power generation and photovoltaics. Also, depending on the frequency, the
diesel generator starts and stops to supply power at peak load.

To verify the proposed protection system, an isolated microgrid was
modeled through the PSCAD/EMTDC program. According to simulation
analysis results, it was confirmed that all power generation facilities would
automatically control the output according to the frequency determined by

MVDC.
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Fig. 9 Autonomous operation control of the whole power system
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650 kW DG Table 49} o] AAE F3F fr0, fpe PIRFSRZ 7Hasho

Table 1. Automated operation parameters of MVDC

Parameters Symbols Values
MVDC
Maximum power [MW] P .. 2
Minimum power [MW] P -2
Upper power [MW] P, 1.3/0
Low power [MW] P, -1.3/0
Droop factor [Hz/MW] my, My 0.28 / 0.1
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Table 2. Automated operation parameters of BESS

Parameters Symbols Values
BESS
Maximum power [MW] P 2
Minimum power [MW] P . -2
Droop factor [MW/Hz] n -10
Table 3. Automated operation parameters of PV and WTG
Parameters Symbols Values
PV
Open circuit voltage [kV] V. 0.66
Mpp voltage [kV] Vot 0.53
Droop factor [kV/Hz] a, 0.65
WTG
Maximum power [MW] P 2
Minimum power [MW] P 0
Droop factor [MW/Hz] ay -10
Table 4. Automated operation parameters of DG
Parameters Symbols Values
Diesel generator 1
Rated power [kW] P, 650
Setting frequency [Hz] fpe 59.9
Diesel generator 2
Rated power [kW] P, 650
Setting frequency [Hz] foe 59.85
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3. AFH AEdelA

MVDC

MG #1 ngii% . MG #2

e 2 MW Wind turbine generator

Diesel power plant

0 ]

s
48 kvl /138
)——GI) e
;

2.7 MW PV

2MWBEsS "

eess
B
044 k] /138 (W]
=1
- BREss LD
I =
1.0 {ohm]

2 =ToA Aokd werS ISl §1% PSCAD/EMTDC Al &Ed oA

Atk MG #19 #+ AgRsts 3 MWeold, B4 de DG, PV, WTG
a2]a BESS®Z FAEeIth DG 650 kW F o z8]al BESSE 2.09
MWhe] w8 g & 2 MW PCS¢F ddAlste] Rddstdeh &3k 27 MW PV 2
2 MW WTG®] Aol =] dulE A s

_14_



31 A ndg
3.1.1 MVDC =¥

oty

MG #1 e g £ %, . MG #2
bk ARy mﬁﬁig Zzi%w 5 Ay e

CVVF control of converter DC link voltage control of converter
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Table 5. Detailed parameters for the MVDC

Parameters Values

Rated power [MW] 2

Filter inductance [mH] 2

Filter capacitance [uF] 12

MVDC - -

Switching frequency [Hz] 2500
DC link capacitance [uF] 2200

DC link voltage [kV] 16
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Table 6. Detailed parameters for the BESS

Parameters Values
Battery capacity [MWh] 2.095
Converter capacity [MW] 2
Filter inductance [mH] 0.05
BESS Filter capacitance [uF] 50
Switching frequency [Hz] 2500
DC link capacitance [Hz] 1100
DC link voltage [kV] 1

3.0 mEBESS

My
iR
=)
[ ——

20 3.0 40 5.0 6.0 7.0 80 9.0 10.0

(a): Active power
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3.1.4 PV 2dg
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Table 7. Detailed parameters for the PV

Parameters Values
Open circuit voltage [kV] 0.66
Short circuit current [kA] 0.628
Maximum voltage [kV] 0.53
PV array ;
Maximum power [kW] 300
Number of modules in series per array 22
Number of modules in parallel per array 250
by Filter inductance [mH] 2.5
Filter capacitance [uF] 0.8
DC/AC T
Switching frequency [Hz] 2500
converter . _
DC link capacitance [uF] 1950
DC link voltage [kV] 1
Inductance [uH] 100
DC/DC :
Capacitance [uF] 1000
converter - -
switching frequency [Hz] 2000
. / //-\\
200.00 /
5 150,00 // ‘
100.00 / \
Ea \

2.0 25 30 3.5

(a): Power of PV
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Fig. 21 PV simulation results 2
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Table 8. Detailed parameters for the WTG

Parameters Values
Blade radius [m] 50
Wind Air density [kg/m'] 1.225
turbine Maximum power factor 0.419
Rated wind speed [m/s] 10
Rated generator power [MW] 2
Rated RMS line to line voltage [kV] 0.69
Rated electrical frequency of the machine [Hz] 30
Generator inertia constant [s] 4 s
PMSG - -
WTG Unsaturated direct—axis reactance [p.u.] 0.55
Unsaturated quadrature—axis reactance [p.u.] 1.11
Unsaturated direct—axis reactance [p.u.] 0.62
Unsaturated quadrature—axis reactance [p.u.] 1.17
Filter inductance [mH] 0.6
Filter capacitance [uF] 700
Converter Switching frequency [Hz] 3369
DC link capacitance [uF] 15000
DC link voltage [kV] 1.45

M

(a): WTG power
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3.2 Algdeld a3
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Table 9. Expression of simulation results - Active & Reactive power

Parameters Remarks
MVDC Green
PV Red

WTG Dark brown
Power load Pink
BESS Blue
DG Orange
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Fig. 26 Grid frequency in MG #2

_29_



MVDC 1:Graphs

a3 20 30 40 5.0 60 7.0 8.0 9.0 10.0

Fig. 27 DC link voltage of MVDC

MG #29] &Eibd9de] drdwfo] Fapdru Wobgoel wet Fig. 263 2o
Tt A 4 Ak 5xdd MG #29] F357F dEste] 60.15 Hzzb =¥
2 (Dol wet Fig. 279] DC @3 Aol 172 kVE Z7kate] V. + 5%=
ZIgth ofo] wel MG #1olA dojxd=® 2 Al MG #2% A¥ Fxo]
B7bsstA Hoh

Main : Graphs

g DRMEE |=p_py |=P_WTG |=p_bG |=P_ESS |= P load | =

(i3
o

AT
il P e
1/

B 20 30 40 5.0 60 70 8.0 90 10.0

(a): Active power of MG #1

_30_



Mvar

10 =Q_MG_1 =QPV

=Q WTG =Q. PG =Q ES5

0.8

0.6

0.4

0.2 4

0.0

04

0.8

0.8

L= 20 30

. 6000

=MG=1 Frequency
60.20 -~ HGE1 Frequen

40 50 6.0 70 8.0

(b): Reactive power of MG #1

Main : Graphs

90

0.0

60.15

60,10

6005

58.85

59.90

5985

59.80

sec

20 30

18, -~ Lotace

40 5.0 60 7.0 5.0

(c): Grid frequency of MG #1

Man : Graphs

9.0

10.0

Fig.

40 50 6.0 70 8.0

(d): Grid voltage of MG #1

20

28 Simulation results 1 - scenario 1

_31_

0.0




el

Mazin : Graghs
=P PV

3.5

3.0

25 /

_32_

= 2.0
z // \__u,./‘—"——“*—-un‘_._%w__
1.0
0.5
0.0 =
B 20 30 40 50 6.0 70 8.0 90 10.0
(a): PV output power
| Man : Graphs —
2.5 2P_WTG ex |=p wic =
20
£ \
/M \ et e s e
1.5 B /
H /
1.0 /
0.5
0.0
i 20 3.0 40 5.0 5.0 7.0 8.0 2.0 10.0
(b): WTG output power
Fig. 29 Simulation results 2 - scenario 1
i= Main : Graphs o
s 150,00 \b
Fig. 30 Renewable energy sharing



MVDC®] Zd¥ol wet Fig. 28(c)9 F357F 24 = A2, Fig. 28(d) A&
At MVDCe] AHtAlolE 3l 138 kVe =z {45 At}

Fig. 28(a)ollAl PV WTGZF A H-atd o]do=m dHdsEo MVDCE &3
AdFste dEol 1.3 MWE =34% o FuE 60 HzEU F7ishAl €
weka PVeE WTGE A424e] =FATE A&t F9AdAdE Fdgct
°|& Fig. 299 PV 2 WTGS =% ZAIdA ZZA A 3 A - 59
HawE T A& 4 3tk Fig. 29(a), (b2 P_PV_ex, P.WTG ex(E3HA)
M) E5A 3
P_PV, P.WTGHaA A) A= ZZATAE 33 Aoty R
ATl E AYAs +dA AA glel Fia 7wtowm RAHY ¥
Aofstd 7] wWiEel HFEEA TS i 5 T
HE ol A b o r AT & ATk EF BESSH A&¥ =F ATl

uek wEgE Sdstel AAUA AHES FE AZE F AT 71=9

ot

& oA 82 71Ee dAE, 2k e S

_33_



3.22 Ay L 2

MVDC 1: Graphs

=MGz2 Frequency
60,10 1G22 Frequenc

60,05
6000

5995 \

59.90

5985

59.80
c

20 30 40 50 6.0 70 8.0 ab 0.0

Fig. 31 Grid frequency in MG #2

MVDC 1: Graphs

kv

15.0 \

20 30 40 3 50 70 8.0 a0 w00

Fig. 32 DC link voltage of MVDC

MG #29] EAA Qe ko] Az Fig. 313 o] F347F 60 Hz
ko g 7HAas £ Qlth 5o MG #29 F3rt skl 59.85 Hzzh w9
Fig. 32¢} o] DC #a Agte] 148 kVE #xdte] VvV, - 5% %33t}
olo] wal MG #1& MG #2ZH¥ o] Bl

_34_



40 mPME 1

Main : Graphs
=p Py |=P_WTG |=p DG |=P_ESS

|=P_foad

3.0

N

MY

0.0

2.0

3.0

Gl

sec  op

40 5.0 60 7.0 8.0

=Q MG_1

(a): Active power of MG #1

Main : Graphs
] |=o_wie =Q DG |=q Ess

= © load

10

0.8

0.8

0.4

0.2 9

0.0

Mar

0.2 1%

04

0.6

08

sec 20

40 50 8.0 70 8.0

10.0

60.20

=MG21 Fraguency

(b): Reactive power of MG #1

Man : Graphs

60.15

60,10

6005

60.00

59.95

58.90

59.85

59.80

sec 20

40 5.0 6.0 7.0 8.0

(c): Grid frequency of MG #1

_35_

2.0

10.0



Main : Graphs

Be 20 3.0 40 5.0 60 7.0 8.0 9.0 10.0

(d): Grid voltage of MG #1

Fig. 33 Simulation results - scenario 2

AlyEl e 20l = PV o bdo] H#] kol MG #19] FEHHHo] WA=
A5 7HEstAd. oldl wEk MG #2914 MVDCE &
FAs A, FHsE gl 1.3 MWE 27439 o MG #19 F3+% 60 Hz
mrte 2 AdkleS Fig. 33914 &Qld & Slvh ofd wet WTGE
Z8AT glo] MPPT AlolE Skl ow, BESSE =g Algel odutA A9
swell 7o 8kt

Fig. 31elA 5xel MG #2¢] F37F #Aste] Fig. 329 DC @37l

*

V, - 5%%1 152 kV wwro g zhastdvh. o 57%%E MVDCO Fdd%&

_36_



33234 &

#25

MG

PV7}H

-
T

Atk @ el A

ol

|

Fith BESS oAl =§7

Foloh weA 3

5

s

A =
MG #1¢] AN IA 2AHE

olu
= =N

140 % o]

S
=

CEED

£ MVDC

[e]
Ry

0

do

el

FSA Tt

7}E
Al tE] L ol A

1.3 MWE =3

o]

o

b

</

o

%

&3k 1AL, BESS®2 9

#2Z5H

MG
Fu947F 60 Hz wwto =

K

==
H=

1
.

A

S9e

=
=

|

A|&H o2 MPPT # o]

-
s

FaL, WTG

7] & 3]

N

Fdow DGE

Fstgom,

=
[€)

%o

BESS 9]
71

bl o,

S

_37_



4. 4 £

N
o,
)
N
H
N
rlr
-
<
=
)
9
o)
&5
[0p)
w
4
L)
)
D
lo
i
)
o

(1) MG #1292 A= 2
MVDCE &8 MG #222 Jodds $dssdn. $dst= dge a7]71 1.3
W& Zdstd F3571 60 Hz ol 4oz F718HA €k olw PV 2 WTGE
boAne] =gl AldeiM EHAdAAE s, BESSE EHAol

-
el A4S FAskdth o % Bal HAAE LAdxtel A glo] Fuppo wel
Ao Fe ABsAor, HIWAL 4 Lol AFL IHHOR £9Y

T oAUuAJT I 7IEY AYAE EFdAe AdAUA FHY EFAHoR
Aaff ABANAA AHES ¥ol7] oy ARt AHA S A

Fig. 263} zFo] AAoHA] AHES 140% ol Fom =of QAR TS

off
ot
Mo
of
filo
offt
o

(2) MG #19] el Azxste] MG #2%8 Td 7% d€& FdsArh
Adge] 1.3 MWE 2#3tls w F37F 60 Hz mvte s zhasidla
ole] wet BESS7F E=FAlFel SwAl wdstel dE Fgel 7195
a8 WIGE AEHFHez MPPT Aoz F33dv. +

ko 2 ZHA45kS Wl DG7E 7lsste]l dEs FEetdrh AA &9 A4
MVDC % BESS® &% A5 1#ste] F7H4Q0 duldds A di7E

Zart e, DGO 7l& AlbE agste] FlE= ] Aol T

_38_



Aoz ke

e

ol Z& AWRE FF3 HolW MVDCS 7t #ibd e A5 =9 Aols
&l PV R WTGE WEE8A019 oess F5sta AU A AdES

FEAE  Jok B velazads Fhe] IZabdde] 74 H 8, dE

_39_



(1]

[2]

[3]

(4]

[5]

[6]

(7]

F. Katiraei, R. Iravani, N. and Hatziargyriou, A., “Dimeas, Microgrids
management”. IEEE Power and Energy Magazine, vol. 6, no. 3, pp.
54-65, May, 2008.

X. F. Wang, J. M. Guerrero, F. Blaabjerg and Z. Chen., “A Review of
Power Electronics Based Microgrids”. Journal of Power Electronics, vol.
12, no. 1, pp. 182-192, Jan., 2012.

B. A. Carreras, E. B. Tchawou Tchuisseu, J. M. Reynolds-Barredo, D.
Gomila and P. Colet., “Effects of demand control on the complex
dynamics of electric power system blackout”. Chaos Interdiscip. J.
Nonlinear Sci., vol. 30, Issue 11, Oct., 2020.

Y. Sun, Z. Zhao, M. Yang, D. Jia, W. Pei and B. Xu.,, “Overview of
energy storage in renewable energy power fluctuation mitigation”.
CSEE Journal of Power and Energy Systems, vol. 6, no. 1, pp. 160-173,
Mar., 2020.

S. Kwon, L. Ntaimo and N. Gautam, “Optimal Day-Ahead Power
Procurement With Renewable Energy and Demand Response”. IEEE
Transactions on Power Systems, vol. 32, no. 5, pp. 3924-3933, Sept.,
2017.

L. Yong Woo, Y. Jin Sol and M. Young Hyun., “A Study on Reliability
Evaluation for Korean Power System Considering Load Uncertainty”
KIEE, pp. 29-31, Nov., 2016.

K. Dong-Min and Jin-O Kim., “Reliability Evaluation considering
Fuzzy-based Uncertainty of Peak Load Forecast”. KIEE, pp. 111-112,
Jul., 2008.

[8] V. Nougain, S. Mishra and A. K. Pradhan., "MVDC Microgrid Protection

Using a Centralized Communication With a Localized Backup Scheme of
Adaptive Parameters”. IEEE Transactions on Power Delivery, vol. 34,

no. 3, pp. 869-878, Jun., 2019.

_40_



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A. Jin Hong and K. Eel-Hwan., “Implementation of a Microgrid Scheme
Using a MVDC Connection between Gapado Island and Marado Island
in South Korea”, Energies 2019, no. 1, pp. 187, Jan., 2019.

M. Mehrasa, E. Pouresmaeil, S. Zabihi and J. P. S. Cataldo., "Dynamic
Model, Control and Stability Analysis of MMC in HVDC Transmission
Systems,” in IEEE Transactions on Power Delivery, vol. 32, no. 3, pp.
1471-1482, Jun., 2017.

Z. Li and G. Tan., “A Black Start Scheme Based on Modular
Multilevel Control-High Voltage Direct Current”, Energies, 11, no. 7,
pp. 1715. Jul,, 2018.

D. Wu, F. Tang, T. Dragicevic, J. C. Vasquez and ]J. M. Guerrero.,
“Autonomous Active Power Control for Islanded AC Microgrids With
Photovoltaic ~ Generation and Energy Storage System”. IEEE
Transactions on Energy Conversion, vol. 29, no. 4, pp. 882-892, Dec.,
2014.

F. Thams, R. Eriksson and M. Molinas., “Interaction of droop control
structures and its inherent effect on the power transfer limits in
multi-terminal VSC-HVDC”. 2017 IEEE Power & Energy Society
General Meeting, pp. 1-1, Jul.,, 2017.

L. Gyu-Sub, K. Do-Hoon and M. Seung-Il, “Method for Determining
the Droop Coefficients of Hybrid Multi-Terminal HVDC Systems to
Suppress AC Voltage Fluctuations”. IEEE Transactions on Power
Systems, vol. 35, no. 6, pp. 4944-4947, Nov., 2020.

Guangdao Tan, Chao Xu, Fengzhi Wu, Chunfeng Qi, Dejun Wang,
Peihao Yang and Yangmin Feng. “Research on primary frequency
regulation of wind turbine based on new nonlinear droop control”. 2020
4th International Conference on HVDC, pp. 170-174, Nov., 2020.

S. Miwazawa, F. Nakanura and N. Yamada., “A New Method for
Developing the Control Scheme of a CVVFE Cycloconverter”. IEEE

Transactions on Industrial Electronics, vol. IE-33, no. 3, pp. 304-309,

_4‘]_



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Aug., 1986.

S. N. Mahendra, S. Velisetti and K. Aditya, “Implementation of VVVF,
CVVF & CFVV control strategies for control of LIM”. 2012 IEEE
Third International Conference on Sustainable Energy Technologies, pp.
141-145, Sept., 2012.

Q. Huo, T. Wei, L. Han and D. Jia, “Methods for multi-functional
converter control in micro—grid,” 2015 IEEE International Conference
on Smart Energy Grid Engineering, pp. 1-6, Aug., 2015.

Amirnaser Yazdani, Reza Iravani, “Voltage—-sourced converters in power
systems : modeling, control, and applications” Wiley, no. ISBN:
978-0-470-52156-4, 2010.

T. Dogruer and N. Tan, “Design of PI Controller using Optimization
Method in Fractional Order Control System”. IFAC, vol. 51, pp. 841 -
846, Jun., 2018.

O. Yaniv and M. Nagurka, “Robust pi controller design satisfying
sensitivity and uncertainty specifications”. IEEE Trans. Autom. Control
48, pp. 2069 - 2072, Nov., 2003.

N. Priyadarshi, V. Ramachandaramurthy, S. Padmanaban and Azam, F.
“An Ant Colony Optimized MPPT for Standalone Hybrid 386 PV-Wind
Power System with Single Cuk Converter’. Energies, 12, no.l, pp. 167,
Jan., 2019.

A. Sangwongwanich and F. Blaabjerg, “Mitigation of Interharmonics in
PV Systems With Maximum Power Point Tracking Modification”.
IEEE Transactions on Power Electronics, vol. 34, no. 9, pp. 8279-8282,
Sept., 2019.

C. Jung-Sik, K. Jae-Seop and J. Dong-Hwa, “Development of Tracking
Method and MPPT Controller of Photovoltaic System”. KIIEE, vol. 21,
no. 8, pp. 54-63, Sept., 2007.

A. Gil-Velasco and C. Aguilar—Castillo, “A Modification of the Perturb

and Observe Method to Improve the Energy Harvesting of PV

_42_



[26]

[27]

[28]

[29]

[30]

Systems under Partial Shading Conditions”. Energies, 14, no. 9, pp.
2521, Apr., 2021.

J. Byoung-Chang, K. Byoung-Wook and S. Seung-Ho., “Improvement
of Grid Interface Inverter Power Ripple with Wind Turbine Power
Control”. KIEE, pp. 251-254, Oct., 2003.

X. Zhang, Y. Li and Y. He. “A Novel Model Predictive Current Control
Method for Open-Winding PMSG Fed by Dual Inverter”. 2018 21st
International Conference on Electrical Machines and Systems, pp.
1450-1454, Oct., 2018.

C. N. Wang, X. K. Le and W. C. Lin, “Modelling and Simulation of
Autonomous Control PMSG Wind Turbine”. 2014 International
Symposium on Computer, Consumer and Control, pp. 1144-1147, Jun.,
2014.

B. Pavan Babu and V. Indragandhi, “Analysis of Back To Back (BTB)
Converter Control Strategies in Different Power System Applications,”
IOP Conference Series: Materials Science and Engineering, vol. 906, p.
012016, Aug., 2020.

R. Majumder, A. Ghosh, G. Ledwich, and F. Zare, “Power Management
and Power Flow Control With Back-to-Back Converters in a Utility
Connected Microgrid,” IEEE Transactions on Power Systems, vol. 25,

no. 2, pp. 821 - 834, May, 2010.

_43_



	1. 서  론
	2. 제안된 마이크로그리드 운영 방안
	2.1 MVDC Master 제어
	2.2 분산전원 Slave 제어

	3. 컴퓨터 시뮬레이션 
	3.1 전원별 모델링
	3.2 시뮬레이션 결과
	3.3 결과 고찰

	4. 결  론
	참 고 문 헌


<startpage>10
1. 서  론 1
2. 제안된 마이크로그리드 운영 방안 3
 2.1 MVDC Master 제어 3
 2.2 분산전원 Slave 제어 8
3. 컴퓨터 시뮬레이션  14
 3.1 전원별 모델링 15
 3.2 시뮬레이션 결과 29
 3.3 결과 고찰 37
4. 결  론 38
참 고 문 헌 40
</body>

