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Abstract

The main purpose of this study is to review the system planning and
operation of the grid of Dongji island after adding a photovoltaic (PV)
system. The research items include the reverse power problem of a diesel
generator, the tripping problem of the inverter of a PV system, the
construction of SCADA and microgrid protection management system,
and the improvement of voltage imbalance.

Once the reverse power problem of diesel generator happens, it may cause
damage of the turbine. It need a protection device to avoid this situation.
The inverters of PV is unstable may cause PV can’t grid-connection or
unstable voltage. Because of the long distance between diesel generator
room and the control center of the PV system, this study use optical fiber
communication to collect the electrical data of diesel generator such as
voltage, current, and power and send them to the SCADA platform located
at the PV control room. In addition, the grid of Dongji island has severe
voltage imbalance in the current time. It may be the main reason that PV
system cannot connect to the microgrid. A real and reactive power
compensator will be set up in the island to improve voltage stability of the
grid. This study will be based on the measured grid parameters in the
island to establish grid models with the appropriate target equations and

obtain a suitable place to set up this real and reactive power compensator.

Keyword: diesel generator ~ reverse power ~ PMS -~ voltage imbalance
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Pow afime 234 -EMPOWER £ 1 & P S A2 H 7 4
F G H2 AN & - F (prosumen) AT E T P 2 LIATRE R HCA] 0 E
TR X #f (Hvaler) ~ 46 B & 2 (Lubben) 2 & f i (Malta) # & 7 #
o Hapitd B TILOS(2015~2019) % - 1w 4 4 ¢ 2014 #
10 * 2 PR #F 32030 2 FlE 2 5 B E RS 40% £
4tk E 27T%~ i R {2 27% 0 2050 #  # 3~ 80%~95%

HR F F A [16]-[18] -
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3.p &

PALEf TATREFEL 2B AT REFHNFERFH
f?(New Energy and Industrial Technology Development Organization,
NEDO) > & A 7 Bld = % 7 # = @ (Mitsubishi Electric)¥ & #ii% >
Toe Bg e kg AE T P M A S 02000 £ 4w NEDO 2
EFT e i E- L2 W RhERREIAMZ AT o Ao 2 2
= & 4 1 § 2+ 3 (Rokko island) % [19] -

FREANRE TR SHBOFTAR S FTHIES § R
Beom 3 o7k B0 0 gx NEDO #+ 2000 #~2010 # 2 &2 7 > o L ac Ry
B REL S BEREREZFRRRIBNNE > MR AR /Eszﬁi%] dUA e R
W BEAT A GRS CBRFT RE T b 4
FRBRIRENTFEE VA RF L2FEIFELALLINAY T

SRR L Ee 2T HA N [T

(1) Aichi 2+ %

PP E NS FTRAS BETR B RFT R AR
KE# & 5 270 KW 2 300 KW 4 s iz 8 %2 T 54 (molten

carbonate fuel cell, MCFC) ~ 25 kW HF it § {* 4= %L 3 % (solid
oxide fuel cell, SOFC) %2 800 kW #ipi 3] 74 4L & # (phosphoric acid

fuel cell, PAFC) » ~ B ic % % = 330kW > ¥ 5 500 kKW &% it 3k #%
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PEEET A RRR R A LI MR Rt R

Ly ’_i;;i_‘:—r’\"“?fr'_rzvﬁ‘l'ggoll_la—é_l-%i_gé;%é 1/_;\';; 5 A

&
=3
&
\T*\

B Z R LAV E AL NE X B

FLKAMS LA FP (Tokoname) # 38 B % s F-#iT o

(2)Kyotango * &

@

PR TR AL B 0 FTRAZ fPRRN LT 2

A

PRI TS ERRESTANGET PR LN mX A

=3
e

MR o F T KK & § 400KW 2 F i w Tk ¥(biogas) 2 250
KWMCFC: =33 7%k ¢ 7 B0KW = I & 7 & 5%t 2 50 kW
BT kAR R R T Fpe 100 KW R R -

(3)Hachinohe *+ %

PR E R AN S A RPFTHAE ¢ 7 SI0KW R F 5IE
% 100 KW = Brac 2 % k%> gEack # 100 kW » 273 2 A4k
S.4km:inSp e gAML FaAird B2 il ZAY
FpF R F TR 30KWE R4 FT 20KWe T kA&

Choe o AR EEREBE TR E 3 ABERNE

Jui

L
Fr#1% = 3 Zh(interconnection point) 7 # & ok & 45 o
2010 # {2 »NEDO 7 * o i A EAL®Z B 2435 7

2 2ess

RAEEFE AP FEA® S FE AN RE Rk 5 (Building Energy

4
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Management System, BEMS) ~ F e s R g 32 & st (Home Energy

Management System, HEMS) 2 4 £ 3

=H
3}
[
e
=M
‘l?"‘
TN
J9
hud
*
Do
Eil
A
\:q,\

E 2
S

RIF% > 1R T emdaie 7 2RMAMET B VETPLEL

3

#7(Los Alamos) 2 7 # % L (Albuquerque) -

Los Alamos #ic T %71 =34 ¢ » NEDO 2 £ B & % £ 2 MW =
i 3 R A SRR A LMW 42 6 Ry 2w EET 4
FAerped KW =B o s = ks~ 78 20kWh i X % 2 HEMS
2. NEDO #E K - NEDO # i +4] ¢ ~ 2. EMS i [ A
AT 20 B2 0 9§ gz 2657, NEDO 4 & £ N 2 HEMS
PR PR B a g TR R E AR 2
fro B EM RApM £ v 4 & 5 & 517 8 £.4c(Malaga) ~ 2 K 2
!o(Lyon)2 £ ®E = % 55 7 & (Maui island) % [7][20] -
4.7

PRT R R RER R EARY A 2 S AL T
MEENIFHRAZ®RE BE: R Firpypay € opd ¥ P8
o~ G 1A B2 2 2 A EHE 5w £ F CERT #&32

S R R WS L ST R

12
P
@
=H
&=

FANEITRREBRIFAERN R BRTET
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AREEATE g T SR AR B A R4 S i

B BRCE A s P Bl b AT R e 5T A b e [7][21]:

LR SP R - BYI SR hdae  Jd @ NPV
ORF T AR BRSNS P & 1T 252010 £ & SN iE
FRRA @ 7 1000 kKW %08 3 T 4% ~ 1000 KW * 553 Tk 5t
Z 50KW b 4 2 ® k3o tEi K & 1500KWh o i & 57 7 3RAE ¢
TRA AN NP TEIRL A T EE ERY R
FI RN AT I PR T T BETEEE
Q)= A5

PR ed RFR AT 4 2723 > 2014 £ 0 NEE
FRR K 2400 A > F TR E e 7 10 2% 100 KW R 4 3 T4
660 KW = H it 28 3 i 8% 1700 KW %33 % 7 4 » 4 %2 500 kW
DT 4 RER k5> 2 ® 500KW AR T E B A ks s N

IEC61850 fx e T » L B P ¢ 7 EHB 2 B 7 4%

N

TR AR ] R T G R g T

=
pu

=
(e
b3
¥
C

;\tﬂ

AR

Bt

NS

by

EHH 2 R R T Ao B E e £ X 3 BT S

2 (University of New Brunswick) & i£2& = 2_ e @ i85 & %o % Aok
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He gHEHAp-HBABET I0KW- = 4p B s 3 30 kKVA~ = 3R 30
KW b 4 3% 3 s ®E ~ 3 S5kW -~ &5t 775 300Ah 2 & 5o 7
B 30KWe 4] s 2 B4 B2 P A4 B R BEL
ARG RIRZBIEN 0 f TR P s TREF

A A E LIRS T S T R RLE E R

XA BT Rk e TR L A0KW S b 4B
T EIOKVA~ L R 8KW AT F £ 4 452 (CHP)30 kW -
PR 4 SKW 2 REav ik K 7 5w U E LT F E £ 308kWhe
Rk nF NS T e BGCREIRE (A R D R e

FER 2 AR A IR R B ET IR LE 0 A
LTHEP e 7 RETHEREE LT FIE L RE[23]

PATR A BB LY AR - BHET RO d ¥ R Z AT
e ETRED TN F R L2 A LB AT IR R B
TRZ N AAFEFRT R TP EKASFERET R L
TARFER A TFARE SR FELFEIEA T HE L
TRHCHARRESFTRMC IO ZFLF SR 2 Ty 2R

5 30KW A< Ba T 55 6KWE 4 % T 82 60 KWh i
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THE T ERTENRT R EFT - HAMTEI T T 2R
EZOFA M PAKE P ZPEod 20 FEEER By

FTETAE ZELANRE TR AN TRELATETLT

SRR me pe g b A H A $[24][25] -
5. 5 4

2012 F Azl T2 AE T AL D Fo R 58 20 & 2
FET eid s o 5w ¥ # 2(2011~2015) ~ 48 & #5+57(2016~2020)
2R GLfEt (2021~2030)= BFFEC 0 a2 2 X P e B G FEF T
ERR-FERT -FERL -FE 7 HFELPAFFREEIFE
TRBEREH F L ESAHERTET  MES N AR R B

R GIAR MR A Fw 3E P AE[26] T R4 B S B 2T RE%

(1) & T FF TR
o 7 5% & 7 3 #r(Taiwan Power Research Institute, TPRI)>® sk 7
LMD REEHE YoM 21 %7 0 - R ST B Local

EPS(Electric Power System)[27] -
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Utility 0 o —m—mm e — — |

3 ¢ 380V AreaElectric Power System (Area EPS)

|
.
|
+
| Static Switch
S M M
| | |
0 Il |
| |
Nl
| | |
Nl
| | |
| | h |
s | wiu 1 |
| | 0
| | 1 |
|
| T ¥ |
| Loads || Ac | Batery Nl |
| | I'|_21kw _3kw _25kW*4 Local EPS 3

Local EPS 1

—_———_

Battery Module

|
|
|
|
|
|
|
|
|
|
|
Inverter | Charge :
|
|
|
|
|
|
|
|
|

Local EPS 1 & 7 — 4 §% 5 Local EPS 2 & 7 80 KW ¥4 3 ¢
¥ ;5 Local EPS3 ¢ 7 20kW ~ it B % 4 %~ 4 & 25kW Erse 3
bR i Il o i SR ST g A el ;Ui ek & 5 Local EPS 4 =
30KW Hcif s ~ & 314 w5 40kW 2 50KW 2 %4 5 T % ; Local
EPS5 % 72 10kW kb # # 7 53 ~TKW 23 8 ~ sgp b g gha 5
Fek oo MR R TR P ¢ 7[28]
I AR MRLER R e TEMBMANE @R o
o p A dlRes W E T o R R REAE S 2
i, SR R S O RIRR L kA 4 IR R A A
Toa I AERR AR o

v SRR A TR 2 BB R B R 2 R YT
THET R H AR 2 e Rl
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R R A GRS 8 B
% 4

Vi, ERRAZRAEETS DI RA 2R R

(2) trie F2 3 THTHCT
¥ 5e #2 7 #7(Institute of Nuclear Energy Research, INER)** 4<%
2§ 2 MR R EARACR 2-2 4t 0 KK ¢ 7 20 KW R
BFR AR EE 120kW 223 Bk SHBa B kh~3F% 65
KW Hziff 4 ~ @ 284 5] 5 25KW 2 150kW 2 b + 248 -5 &=
>u 5 182 KW 2 120 KW 2 G54tk # 2 4L & 150 KW 2 f §% 44

2,

ST e 5 F OQ38 @AM FHT /L LTLF

I
b
i

PAREDRETRATREARS TR L

=
¥
|k
14
P

BREBTRZAOIGNTRSSE F[29] -

PR S - R AR AR HETEY 0 L ERFAL SR
B s M AT ek SRR B (2014) AR e 5 R A R
10 g I #e4)(2015) ~ AT e 5 R B ATEYE L A % (2016) 0 H ¢
W AR e MR TE? 7 - AP LB

“3 [30] :
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— SCC1714.2

MVA
"wa wa | xR802
s s
Cc NC | ACB| 500 |GCB |10 MVA
_ KVA 7.26%
NO -

380V
microgrid
11.4kV INER 69 kV
power system TPC
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|

|

|

|

|

| Y 150

| Y KVA

R P Y [F

: _f DKW 30 kW ) a0y

: 100 wg | | |

| kVA 23 ) ) )

|

| 150 l a

: kVA'\[)\ * A A 2‘ 150 kVA

|

| B0V 208V |)

L | [ey/ev]lecs) et
21X1.5 KW 84x240 W wed

I Zone 1 o

[Epti N ... S

%,

HEEARE T ASE FARME LRI R B

AT P 2 A R KR 2 SR E T ARG BT

% e FR R B 048 AR R T ¢ % dpen g

. HeT e § % REA K Sl BER E
B S0KVA RERc e/l 88 ~ F w54 08 B~ 7 RAT TF i
2 CANBus:i /i m o

ERBIH ISR PR

=

il f&

AT RELRERZTAASEES T mr F PRI

CANBUS 3% it % ~ T4 A& B2 RE# G PRI eFd
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V. &

Vi. 2

Vil.

A ERABEAYTY -

b RBACT Rk S B
B3 p 1 IRME TR B i

B AR B R RARKBAREET TR F FA A

AL B AR A L R 1 P R rﬁzlﬁ“r' CEE S ISR LR D e 4R
oo BETA L5 AN S B2 T AR [31] -
TR EREBERFFLRMEV BT R

ook 3k R4 2 FPGA AT £ 4 A 1+ < (Intellectual Property
Core, IPCore) ¥ 3 » ¥ 7 ik &2 7[R M 5T L4 B2 g

T RTA RTRAYET S TS AN E S P TR

PRSI SR

g

oo AR e g IR R S

B A it~ Ut fE 2 Kemel 30F B2 M8 4 iR &

PR ETEN (5 A M)A RZ 2P BEAR -
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(2) *% 12
AEEALER TN D AP BE S P2T A MR 2
FRARLEEEHRAPM 2 BT R OFE LR T L T

FOURBEAA O RBEANRR Y R ER SRR
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(C) HETAHERPFTBRES T

LHEFET o A E R WA RE (N R W RS 5 H)
kBT A BT R BT BT KA LTI TR e
MERPLO AR FTREDT R 2 F EETF RTEER
MRS FEDTF O F P e (ERE o B RE T ¢

AR Gk > BB e REOT FRE S AEEHRRT WA

e

Wad 5] R R A TS s R e FAMAEOE 8

BT LB TSR it £ AR T @R e B

R TR Lt AT T R T
GETAHRTOF TSRS TR TR AF T

R BRFEEL B T BET LTS

ot T RO Pl

e

TR
En«,

34

TR ARG TR s 0 TR

Eﬂ

TRETLFTH FTRITLTHBSGRF R
FHFIRAPEDIORBLTA FREUAR  F ST A LT

SHERFTH AT KA RETA AAT UL S REEY
FlE BT LU PRI PR FFTE AL

EE*h j&-ﬁq’ I‘FF":B?; o
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FAAGERA DR BRI F R E agE R F i
S A PRI A R g R RN ET S PR T Al §
FRETALFIPRERDIT > a TRBELT 4 L EZEY
o F]Ptag N B I FarEgd R B2 gl od R I F o

BRI KR T T i R T e

SRR R FRG -
(2) WET 4 Rl
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ETTRS

RERL 95 30 kKW 5 3 T d & 2 S
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R LRSS FREREY T F R RGP F R
B w S S T F L 25% 0 % R
&‘@Eﬁ’hﬁ& A B E T AR gl SRR T

T ¥ F4od B pF o SCADA B (7 gk

\—:4

IED i B F]%F & #87¢ F T '%
i B THFLT 53 PLEETH F L RIFhedEs f {2 80%
% IED Wipzla 4+ 51 = 14 GF4ed EpF > SCADA & {7 & »

S e kR R ks o SCADA # 1T £ Bl4c @] 3-2 #75 o

/7 SCADA "\

/

l Control

C
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thernet Station Bus

Diesel

B 3-2 SCADA # it 7+ %, #
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=~ FEi BEYR R F2 A
() ks safh

AFicT eisy T e Ba LT i HeFEgicR
4-1 955 o 2 R T e s 360pes HBL L BT fice s 240W>
BAEFFE 5 864KW> HEPVESSd S 5 MPPT x4 B 451
DC /it Fam ey §:85 3 DCRingtt >DC int L i5d =
o Inverter i 3 3] AC 23 RST = 4p+ » @ = ‘& Inverter(RST = 4p 5 -
BYEPVRET LG - SRFLED2UKVARRERE RSB

® Inverter #8 5 3¢ 6W > PV 3545 3¢)4W -

)
14 3W 1¢ 3W 1¢ 3W _’—‘
) ) )
I | I | I I | I I
I) I) I) I) ) I)
MPPT MPPT MPPT MPPT MPPT
- ’Sii}'i*’_‘iﬂ E Z-t#ls:#-l = % ul* cHlE | | ';:#'“#J = | R
) |) ) | | )
PV it 7] 5.76 kW PV i 7] 5.76 kW | 5.76 kKW

%Ili?%ﬁﬁ%%ﬁﬁﬁ#ﬁ@
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(Z) $ i B R T A 41

LFued e iz S BRTHT LA E(Inverter) pF 4 # 2
BAER O FHOABEFAPRDRT], ¢ 77 R BREF/EMN I FE
B/EM S fPFTE ARG RN AT RN 2 LR
(Flicker) & % % 1% -

RRE LTEEZT > AR BB T B SE 2L

5. PV Inverter:k # # #& 245 3% & 3k 2B H R & 2 i o

BRI AT HRFIRIER > RG] Ao Bl4-2977 0 B
= e HioKIT 4 247 RAx g 20 fe o % T4l 3 - o HiokiE 4 4 47
RTEPViInverterg BB - /- X ERFFEFT F1ePVie=
B H AR5 2~4wPVInvertert B 0 550 PVE s B ey 0 Flpt X

B HE -
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200 kw 200 kW 300 kW (3 3% )

O #iplgk
G2
Vass "?: }%@ NF800-CN NF800-CN NFSOO CN
) 5300 )50 S0
[ ™ |
) 0]
208V
&J LdJ LlJ LlJ LlJ
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400 L 400
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):ﬁ :ﬁ :ﬁ :ﬁ :ﬁ
=
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Foxp

I I B
/PVl//PV//PV//PV//PV/

72x240W 72x240W 72x240W 72x240W 72x240W

B 4-2 L+ uzg PR

Bk LRl

Hioki T 4 4 45 t = p IEEE 1547 22 2 F S 52 > &

88% <V <110% » 59.5< f <60.5
FIERE S & IEEE 1547 34

#-Hioki 7 4 247 RE 2 PF 2R

95% <V <105% > b9.5< f <60.5

¥ g IEEE 1547 Biid > =r

ERLF A EER LS BRI ST RST Z p B TR/

\{\_

=
7
4k
®

AEE A o

37



Hioki & 4 A 47 &R 2838 5 % 2 § R% 75 114<V<126 Volts>

AZE S PR B LR BRI TPV B E - bR RE- XRIE
BB R 2Z 2R RAA G 2cE4e ™ B 43 977 > NER
13:59:55.002 % 4 SAPfI#ET RE * > SAPET R 12897V > £ P
2. R R EF LA R] 4-4 o o YRR 14:00:06.602 F 4 T ApfE
TREZ T AET R 12864V iR 7 BE F A 35408 4-5
o o STPEER 14:00:53.801 4 R APfI#F M BRE 2 > R APET R
11358V & Rlz 7 BE 7 ik 3540 B 4-6 #1013 PEFRY 14:00:54.802
FARAAFETREE > RAPET /R 12823V BRZ T RE 7
ek A4 B 4-7 1o o S PEFRY 14:00:57.801 % 4 PV Inverter R ~ S 4
PSS E 2o F 2 2R E T INA 4B 4-8 A1 o R 14:01:41.801
4 PVinverter T Appt48 % 2 » £RI2Z TR EZ T A 3540 @ 4-9 #1

it oo & 41 F L FEE Pl s e

4.00% div == MIN = Max — AVG

hiiiiid . TEYTYYYYYY
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12000 ? é;

11200
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13:5%40 135350 14:.00:00 14:0000 14:00:20  14:00:30  14:00:40  14:00:50 140100 1400110 14:01:20 1401:30 14:01:40 140150
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%41 L F R g

Hioki 3238 % - ‘= %/ - = RI(PV =)

PV 2dcr i R T 5 - 2PVRRE-

TR % 114<V<126 Volts # 2 2% 2:59.5 < f < 60.5 Hz

AZHE I 2 B AL 5 BT R

P ZApiE TR
13:59:51.802 Sip M w & 113.96 V
13:59:53.802 S ipi 7 & 128.19 V
13:59:54.202 S tpi 7 & 128,57 V
13:59:55.002 S tpi 7 & 128.97 V
14:00:06.202 T 4piE 7 & 127.86 V
14:00:06.602 T 4piE 7 & 128.64 V
14:00:07.002 T 4piE 7 & 126.10V
14:00:49.201 R 4pi® 7 /& 126.08 V
14:00:50.401 R 4pifE 7 /& 12740V
14:00:51.402 S 4pifF 7 /& 126.13 V
14:00:52.402 R 4piE 7 /& 126.10 V
S 4pifF 7 /& 128.56 V
14:00:52.801 S 4pifF 7 /& 128.42V
14:00:53.001 R 4pi® 7 /& 126.09 V
14:00:53.801 S 4pifF 7 /& 126.34 V
R 4p < & /& 113.58 V
14:00:54.201 R 4piE & & 127.93V
14:00:54.402 Sipik 7 & 12842V
14:00:54.802 R 4pif 7 /& 128.23V
14:00:57.801 S 4pifF 7 /& 130.09 V
PV Inverter R ~ S 4p ¥ %
14:01:41.801 PV Inverter T 4p B %
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o X ARRIERETRISTRF S F g AL )
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For A Fuptt i F TR L B A BT T LAY 2 fE
TR AME N2 I NREIFITW2L TR TN EHFEFTR
@ w 5 4T 5 SCADA(Supervisory Control and Data Acquisition)-* =
¥ Al

FF R AEANTFIAE(ED)E RIS A BT BB s 220 ¥ 7

TR T

W
pd
da
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