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Abstract

The smart grid has to adopt the advanced sensing systems,
communication systems and control technology to ensure it can provide
more efficient, economic and security of electricity to users. This project
selects the micro grid of the Institute of Nuclear Energy Research (INER)
for study. This project will investigate the related problems caused by the
interconnection of the INER micro grid, the Taipower 69kV power
source 4E-1 and distribution feeder OQ38. For example, the sequential
of the two power sources has to be conformed to ensure the safety of
electricity during power transfer. By the way, the parallel and disconnect
operation logic of the two power sources will be also included. Then,
this project will also include the reliability analysis of the micro grid by
considering the existing INER grid, and the dual power sources of
Taipower. In addition, to guarantee the micro grid can operate
successfully in any conditions, this project will execute the transient
stability analysis including various operation scenarios of the power grid,
distributed generations, battery energy storage system and load. The load
shedding scheme and protective relays settings are therefore determined
based on the simulation results. Finally, the load shedding test in the
micro grid will be executed to confirm the relevant strategies and control
mode can be used to the INER micro grid. The implementation of this
project can extend the effectiveness of the micro grid and improve the

penetration of renewable energy grid.

Keywords: Micro-grid, Power Sequence Test, Reliability Analysis,
Distributed Generator, Battery Energy Storage System, Load Shedding
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Past Present Future
Decentralized
Planning Conventional Approach Energy Systems Microgrids
Generation Centralized Decentralized Decentralized
Integration On-site, backup generation Low/medium penetration DER Medium/high penetration DER
Load No differentiation Load classification based on power quality requirements

and controls (e.g., critical/noncritical,
controllable/uncontrollable load)

Distribution Supplied from substation/passive Semi-active network Active network/bi-clirectional
Network network power exchanges

Contingency Frequency-based load shedding, Load shedding, disconnect DER Islanding and autonomous
Management forced power outage operation, emergency

DRM, power sharing,
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table 2. Microgrid architecture.

Utility Microgrids Industrial/Commercial Microgrids Remate Microgrids
Urban Rural
Networks Feeders Multifacility Single Facility
Application Downtown  Planned Industrial parks, A commercial or Remote communities
areas islanding university campus, residential building and geographical
and shopping islands
centers
Main Drivers Outage management, Power quaEL[_Pf enhancement, reliability and Electrification of
RES integration energy efficiency remote areas and
reduction in
fuel consumption
Benefits * GHOG reduction . Premium'[fmwer quality Sll,:ljlpw availability
* Supply mix = Service differentiation irellablllty levels) * RES integration
¢ Congestion management  * CHP integration * GHG reduction
¢ Upgrade deferral * Demand response management * DRM
¢ Ancillary services
Operating modes:
Grid dependent GD, Gl, 1G GD, Gl 1G IG
(GD, grid
independent and
autonomous
operation (Glj,
isolated Grid (1G)
Transition  Accidental Faults fon adjacent feeders  Main grid failure, power quality issues —
to Gl or substation)
and |G Prescheduled Maintenance Energy price (peak time), utility maintenance —
Mode
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Grid Connaction

-
Primary Interface | Ce
Energy Medium Lo
Source |

| ie| codoo.

<— Monitoring CJ

Paint of
Connection
(PC)

-7

B12.1 DGY¥ = 1= B 4 7 B

5y -

%23 DGEDSH# * il B

c RS E

table 1. Interface media for DER units.

X HAm &

Primary Energy
Source (PES) Interface/Inversion Power Flow Control
Conventional DG Recipracating engines Synchronous generator AVR and Covernor control
smal| hydro (+P, £
Fixed-speed wind turbine Induction generator Stall or pitch control of turbine
=R —Q
Monconventional Variable-speed wind turbine Power electronic converter Turbine speed and dc
DG {ac-dc-ac conversion) Link voltage controls (+F, £0))
Microturbine
Solar PV Power electronic converter MPPT and dc link
Fuel cell (de-dc-ac conversion) Voltage controls (+F, £0))
Long-Term Storage Battery storage Power electronic converter State-of-charge and/for output
Ds) {dc-dc-ac conversion) Voltage'frequency controls (£PC))
Short-Term Super capacitor Power electronic converter State-of-charge (P, £0))
Storage (DS) {de-de-ac conversion)
Flywheel Power electronic converter Speed control
{ac-dc-ac conversion) (£F, £
R A Eafsdlm w0 DG ¥ 1~ ¥ % 4 & (dispatchable) >

s FHUEFIARAEA o - BTY AR DG rﬁﬁ%l:",ﬁf?‘ » T
Ei o E R T 2T XA R DG ¥ A
B (Eheid A BRERAE B 22 5 - B AN IEFT LD
Bz DG 1B > ¢ i4g 34518 DG i ¥ fe & 7 3% # F(governor) k
T RS R § B LR BAVRIAEAF 55 T 1
I TR TR A R DR > T ED A Bfop BT RAF EiT
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DG 7% # F e b ¥ 5 "]:'i °

AE B — l[&ﬁ/éi&AF%)imDG’ﬁﬁ%ﬂiﬁﬁ‘i@ﬁ*ﬁiﬂf‘liﬂ g

A%

WEREEER e bde o 3R 4 FREAEAT DT A
- B RAR DR BEF LI P FEHEL RAEd] 0 FI R
Wing N S gk 4 oeh ol A g o @ L 2R DG A

RARGREE~ o ZT;EL 2RI DG iy 7 70
IR Sk gy It 50 3 R Y S 5 @R (MPPT) ehdy
TR g R BiE ko 5 oo

Orgt Governor ® Vet Voltage
Caontrol Regulator

Grid
Connection

W22 AR 3l B T 50 DGR &

B 23 57 =464 259 3 45 DER ehZ W - B 2.3(2) 5
- B3 RARDEKRPV)R DG gt PV LA gd - § 4 i Ee
AT R B o R d - B de-dc # i Bfo— B dc-ac #E i B
“Tie A - B de-de-ac i fue B 2.3(a)iPE HEs WA T AR RIRE G
FXAREFEODG H oo bldo- BT S NT R o BT ’]‘#-
A- B3 NIglhe s o

B 23(b)*7 5 - 5% F &R &5 DER H ~ » # ¢ o
R LA d A BT Bade-de e Bfr— B de-ac 4% FAre S o

BEAAE Y PV L - @2 EXARDT R w7 frdlidde B kit
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pE AR - BT R ARDTS B 230) LAF- BA
NEFEARGE Y DG HE A 4 FURBHAS - BT XARGEE
;* DER H ~
Bl 230t - £ 3 @B PF TR EDGE~ > DG E R
A4 - 2R FMHdhwi@asi~ a gt Ped- gl ov
XA R DG HE ~> 5d - ac-dc-ac g dE Tk B O Hed e EH B o T
EMeREFE ~ - de-de 4 B 5 A o ¥ ac-dc-ac #h 3 E kAT E
onddi(de link)4p 3 i 5 > 330t B (TR g T8 B &
o e g 4 ping £ o
T+ @& DERE ~5 - x> FEE 0 BHRFT R
Boid chds L S 4 3 ¥ - BN G 4 B ¥ 4] DER

B

7~ 7

g
3
=\

HAgeR T R H AT M 200% 2T 0 R T

o3BT R o PR B DG HE A AT T

—~\

FlaFdZEao DG EATF 3B
RS2 e o 3 i F g i dle oA
FoR232@HEAG HT - BELL vIRELRLRE R

\-a:k

TR AP R AT
#

K 1 044 5 i)

&

AR EAAR DT ARG 2 F AR B SR DG H 2> A B

F Mz B ende i 3 ¥ BR IRA R 7]
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PV Invertar

PV PES-Side Grid-Side
| |7 Converter Converter
Fus V
. = Voo | — 7 "\Pc
PV = i — I T ~ —/—C_Q_.f |
|T|——ru—| ah Hybrid Structure
Gensget
(a) Ve
~ — s
S P~ JH\_Q) |
PV Inverter + Battery Storage
Ve
PV — = __ | | ShortTerm
- ~ O L
= — [ (c)
Battery
_J__— Storage

(b}
F2.3 T 48£ DERE ~ih- &% ()&% 9 A 5DG ; (b)Z (o)
¥ 2 & ¢iDGFrDS

A

Pefe R AR F VAL - B

4

3. MR R inf
e R

R L I RPN

v
3 (slack) it > AT /2T AL OT S LR
FERA T T AT R 1&#1 ’ %%«@ﬁ““ugﬁ:ﬁ&@#ﬁ,i,

%%ﬁﬁ»@l:ip%ﬁmm#’ﬁ e g TRy -
VoA EE

Ll EEORNT 0 5 BT T X2 R e
TR/EBRRL HFEr AR g TR AL T R
W R EEAET e, DE R ML) T RIBBEAE L
% Wz AR Dlae® PRI B
T TR e Ry P T AR B
?%%WWﬁb»%w @ k¢ DS H Afew
XREEI B EN

TR o 304 2LATR M (non-sensitive) s f §4 T AR & T 4R

=
o
O
®!
)
A
'.3\
Y
Ty
/F«}

A o
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Lo 32 4o r 7 # F g(demand response)y 4l K v o 14 E M E

% i f 8o S (load profile)fa 3 T E o B F F R L FF IR
ST i (P4 B eh DG B )T {1 pFo Z U 0 2hag
REEMEE-SEE L Vsl AU IENEUE Sk I Sl SR SR e D R
B MR e i R 47 4] F (energy management controller) k 3% {7

s

(2) BRSPS - RAT R
1. #% % % DER il

AT P o DER H Ay e i # £ AT & Rt a e
Vi eiB gt X oDER B ~anfpdls d HE A 4%{cd s DER 8 ~ @
chip 3 (T 4t k% 0 DER ¥ ~ehd & 24w i T RAHE S
FI2 B/ Fydlo £ 24% - B DER ¥ ~ 3 & yrdi# it eh- 4
SRFAR 0 2 ¢ Rl eg 4 2 T e ik g (grid-following) & b 2 T )
= (grid-forming) = fady #]#-5% ©

ik e g - A 2E3 3 5% (noninteractive)fr R I VR A

FIWE o 57 F 8 AR BIPOE BITHIT BRI 78

5%

RN o L F 0 4o% - DERE ~ong 4 ylipdl e v H ~

,:«B
W
E\lg‘i\“j@fﬁgmg—; » T AR - AR T NF }&g\nx v Bde— 1B I

R RS FRLE LA B 4 R AR Rk
FEpTAGAF /R FA A L i TS P B i 3 e

7
mTOH- BEYXARE DT RIGESIAA T 0 AT
2R Ay X g 58 DERE ~ ¢ 2B albz sl e o
T 5o PEASTRE D EIIFF ook A B L 5 BDG
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BALRAELRG R 22 FPEHAT RN hp PR FLF
DERE & T RA-A F e 3 8 ] fvs -

ock
o
o
Eix

]
hEy
o
;:\

%2A4DERY ~ 3 & 4|5 &7 chi &8

table 2. Classification of control strategies for electronically coupled DER units,

Grid-Following Controls Gric-Forming Controls
Noninteractive Control Methods Pawer export (with/without MPPT) Voltage and frequency control
Interactive Control Methods Power dispatch Load sharing (droop control)
Real and reactive power support

(1) T # 3 g (grid-following) : # & #& 314241

AR DR T Lmﬁ,@‘ff’{ﬁﬁ‘ S R S T i T

E
=
Y
=
4

=
T
5

¥ % Gfr4IDERE & i r F o ek iR 4 A
TRRERE B(VSC), 7 @ R nand woeg KA VSCrR T ¥
(PWM)i 5 & BRAAS o %}%F‘ A B BRI T RS > b 2 2 E
s PR R EUEF R o S Al ek T U A B e07dq0” 238
TAR "ﬁiﬁﬁ%@zﬁmﬁwwéwm%A§QMﬁ@ﬂﬁ

NP HFERHF o B24% - B7dq0” = I H B BUE o

B 2.4 & 7 - B VSC:h d%{rqﬁvﬂd AR & d — Tabe”
27dq0” e a Bedl s E o d b3 3 P 1 a‘,E] T eh
F¥ RELRUL R - A G ELE R BRI 2 VN &

Z:Q‘%y ?@Vd’fr\/q; &%é ’ %m}‘@__ lﬂ; ”qu” z ”abc”mg{h;{' , I ﬁi
PWME 5L 4 4 Benz 4p 43 2 50 o dimenp 30foh 304 = B %
’]%‘ o #1450 ’f‘—"sb Jen ﬁ'_’i‘] Mmoo ) R R E S TR AT

Mabch R GHEET o bldo- B A T Rk o
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d-Reterence |
Controller [ fatref)

: V,(ref
Ig_p d-q v, al :|'
abc o d-g |y (ref) PWM
lp—> d!’ i Current | V, | — .
c 9 Control » abc |y jen | Sianals
fo— .
'?'T r;uT

J-Reference i_(ref
Controller olret)

B2.4 2T RAEHEMEEL 4 5 DERGd-qdh T im0 415

BI2.5% 77 — B A>T+ :2,:353?] VE ok ke d S LR S et - B
desat P @ R Ffo— Bm# F 4] F 4 B2 R Bl2.47 dppfeqph
AR o A LRI Sl 4 SRS 2ot R H TR
BE O LAFTREFIBEHSRTEA AT > Cd HdFHE ET N

- i F eniE 0 kT frdeddin » foun A et 4] o

F2.5¢ ko 5 ymd] Bk 20 i B

7ok G LAy TRA g P %
2 B L and-qR IR 0 f 3D B AR eqih T R A a0
woBFE A (PDEHTE ~ 7 BT 4 E (feed-forward terms)fr R 48 &
",f 78 (cross-coupling elimination terms) o . d ”dq” % “abc” e 3% {5 -
T ﬁmﬂi&l DT A APWMBE BEA 4 BenR ¥ TR o ot T inds
! TR R > HAFEES
¥ i %ﬁ;l MR 4 o w FIP R R B T o R

HE SR T OTRE

—

/\

LSt R L A W
"L i
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Ve(ref) VDG
Control
——
g
vn'c l
S,
abc
—

Qref) 0
Control
Q

®]2.5 Grid-following# & ﬁ%l 3 F 4] B

QHFRREF B F hus
ﬂ$ﬂ&#?@ﬁ$ﬁﬂ%%i#?*?%ﬂammﬁiﬁﬁ

N Fgpdlt o SR FFAECF A FAR R I F P
ﬁ’ﬂﬁ%ﬁ#ﬁﬂ,h PRFARDL AR LN R KA S

E
by
4y
£Y
=
A
&
=
St

L ¢ P(ref)frQ(ref) 5 £ 7 /m ¥ 33K T_E > @ Pout
7

frQout 3 £ £ Hwﬁmm%ﬂ R R i B k0

T,

! o
|

P(ref) frQ(red)™ o — &
et W A (power profile) & 73+ &
FEh i o B R A RY D FAANHE R R
‘B E o3 fAE R

1 i¢ B DERY ~ g/ 7

Yo
34
e

B0 X f PR R AT 4 P gs T
M A FEC 2 AL E A RO T RAE{or F A

-
iE o
i
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Active Power Contral

Lirniter
Bl AMax
P{ref}—_-{g }——n- e .
Control g i(ref) s
Pout
Current
Limiter Cantrol
Pl =
CHref) = — > »
Control Min. Igref)
Qout :
Reactive Power Control
B 2.6 F# Ffvm ) Bl

(3) M= & a5 (grid-forming)iz+|

B TR AR o 2 A0 - BABE TR HERT
T R - BRENE A T UM
£ 43

~ R
AL RTEIES S SEE LR L SR R L

JR(swing source):=rgF 4 o

i DERE = ff #&3 587 0 fe R e 8o T BN & > Pl ¥ #
* 4F 11 L-(frequency droop)fr & & i Z-(voltage droop)= Fa4y 4] K
VRAERHSIoRF F AL SR E o BRAEIRT 0 LR R
RIS ¢ v R PRPN RABFLE > & BP AR
AT A

FI2.7H 7 4 5 K E(EP) o TR KA (V-Q) M e » 5 — G o
My RS (ke Fho)d 77 T F Ao BRI E
Po)et £HHT R(Vo> Qo)enzh E Bh o ip ikt M- 7]
feA B 8w 5 d — w 4R iE 47 (restoration process)tr 14 o 14 B R B

A B DER ¥ = hif (vi8 ﬁq;ﬁwugﬁﬁ@%&%QJQWc
T_iB

% $c(droop coefficients)

4

v oMot

g 1 * (restoration action)id ¥ H 2L% E M > I ¥ 0 F k- 2k
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TRMNL TEBNDS TYTRY o

BI2.88 7 — B Py ] vk o W B B el ~ b
£ ip|hE 5 h £ £ {-DERE ~ 47T R % £ £ » 4% DER¥ ~ § 7
P B0 Bl E - BT AR B b R% T

A R G o

fipu) Vip.u.)
4 A
1-+aAf R Y
r-_"""-._____‘ K.
1.0 | 10—
1-Af | 1—.-iw___|___
| | |
- L l -
P _DITI 0 QIZI QI‘I Q

B12.7 & % BDER¥ ~ fF e f §4 4 412 (a) f-P droop (b) v-Q droop

DER Controller

Af—s FP | Pt + > gg::; | &
2l Control d-q
Pou Current
Reactive Control
av—s ¥Q OQteet + s Power | ,
Drocp ¥ Control
Qo

B2.8 MEF4] Ko

R

2. RAIBRRER
- BPeF AQES B DERE ~ it 0 TR - BT A4 PR
0k (PMS) 1 & — B 4 3 T2 Hvs (EMS) % it 3 i 2 el i » 3 5]

GRS Y - 2 B ALENT L sgpt s T # PMS/ EMS
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F EE7F X DERE ~ - % > ¥ i g TR/ E R fR
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B 128 7 — B #cT #PMS/EMSen T /g in s frst i > # ¥

TR R e R T AR ) P REF TR ET
SRR AT PR B FEN TS 2P EE TR
RFRET AL ek
PMS/EMSi+- Z DERE ~ e 5 5 /fh 4 5 A J
« DERE ARV § A $#£F # 5/ m* 5 o
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« ¥ % £ DERE ~ehrt F 3k 2 Eo & @ AT i 5T rfoaf 5ok

ek 3 R RO FRIRTREE AT RE B EF
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w

BT 40P T B A2 0 i DERE 3t B0 F LR b
5 o Blde s A4 2 P g~ Bo] e F (peak shaving) 0 £ ¥ F -
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HELETEP T P FEREZ RZFOLE - 2 - B
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F el vk £F & o PMS/EMS 3% 7 # Bl ch 4 T e & 3

« i ¢ 5E (load-following ) it 4 ~ 2B F{o#p F 4] 2 2
A L DERE %[ o 3 54 fe & g %) 5 5 nd T e

CRATRLE R I R BT R R TR 2 A -

« BEATEART A RDERE A @@ g S - g 2R DE R F
ot EE R R 2 O A I iAo (D3R ER Sl
S (2) 7 SAE A ) (@%#4ﬁﬁﬁi&’ﬁ
OLF SRS S LSS Ui

« ¥ 5 BDERE ~#Frkeng £ 24> ¢ 127 H ~hd] 5 4

L

’ 2

Sk

$ ko A ECN AR RORPEE M S B B etk B A B g
« B F 2 F BE 2(load profiledy#1)/1 &t T e B A P AP AL 7 A
AR AR L PR T Blhed - PG F RE S R R
3. MR 4 nE B4l

- BT RBE T R S TR 2NN E I T
PACR N DRSS R RS S g M PR LT CPIRE R
%?%ﬁ%%ﬁ@‘ﬂ?ﬁymﬁioﬁ—B%?%é%ﬂﬁﬁﬁ
AEGUEE g Sk A T kR e BI2.997 T Pz BIEA -
°© fe R AR EH(DNO) 3 34k iF § (MO) -
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.« T T L g B(MCO) -

«% — DERE ~Ar f 448 M 5 ch % 2 &3 74 B(LC) -
DNOE F] 15 i F QB - BT EDREB A XD T -

B FBMOEHE BRHIFRD FH i fF 53 BFHL

/-\

AT R A LA T RPN 4 o ADNO/MOTr#c 7 2 fF ehi
4% EMCC> MCCRIEE T o enizis & 4 o AT 1 &g+
F & BLCE et o

LCH #1140 hDERE ~4e™ 4241 § § 0 1335dp 41505 i
F-LCP i R AR SHE - A B SR BLCAUTH
FIMCCH: ek %0 5 @ A 4N endfe (FPF > & - LCV Ab p (74
oo B R BmE RS ) FLARK T RS Blde-
BLCH 3 &8d MCCT a4 2 REFT R - - F7 SfiFa 3 o
LRI HMARNT o LCs§ H AMCCinh L > 22 HT 5 A 2%
IREN X
« #{TDERE A7 4 L hTRE G o
c MEFEIH I AL EEHPEF > T ORI B PR

1335 DER i i {og fof & =< chd i 1 42 > MCC #& =& #
K ZLEH DER B~ > 3 2 g A F Bt it £ oo 5
— AET T 4R 28 DER s LC k& (bl4eik L f 4 F
Feee F e, % xr\;}ygﬁ i;—u%ﬁ_i,,:e‘ﬁg,lx:h; a7 Rt FiE gk
)£ F » LCs = ikegd @ P oripdlenf 07 0% 2 o4 enid
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DNO Mo

¥ ¥

Microgrid A Microgrid X

Microgrid B

MCC

LC| ¢

LC

R12.9 - BHCR R % HER

(z) AT 3

¥% e £ 1 “7(Institute of Nuclear Energy Research, INER)>* & #p
2003 FFE L A L RAEEBAE 2EE > ¢35 100 kW 3 B kT < B
it % % % ¥L(High Concentration Photovoltaic, HCPV) » # ¥ 3 14 & 5
kW % 21 A& 15kW 2. ~ it s &2 3%k 4 3 2kW s 5 5 KT 50
25 kW 2 150 kW Al b # 3 T4 5 $ 83 T E gy
ToXFEEE KW AFLF L4 5T 5 (SOFC)Z 600 kW b + 3
T AL AR T R E AH R 2010 & LATpEEE KW
B A RFF A LS (Autonomous) MR 380 V Hcd] T Tk it
2T AE A ko 4oB 2.10 1o 0 RFFELS R T A 30kW §

AR g 0 T RE il AT R
ATRFR A R e s TR S R <A1 B E
Bo2 P p g o st b e 21 A 1.5 kW 2 HCPV & » o g | § e 3
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S HE e ¥ b 2011 E12 E 65 kKW Acf F s 1T A AT R
TR XE R P AT B BRI T A 2 Rk LR T AT
FIAE > PAISFLEFENT RPIFE S » &
FEAIGURRRT A g g B 35 (D 2 S A
?%ﬁ@@iﬁﬁﬁé?éﬁﬁﬁéi@%%ﬂﬁmﬁﬁﬂﬁ?4

FIFEAC)MEA T L 2 25 F T DGT 4 T+ K& FH ()
%ﬁﬁﬁ‘%ﬁﬁﬂﬁﬁﬁ?QQ»%@éﬁ AT R AR M SR
AEFMG o ARG AE AN RBE T L 20%2 P A
RO p PTG o 22 AT

(Iﬂ
i
B
= 1y
ﬁ

b L2 RREHC 0 SR ABAF T HCPV XBEFH L BHFTE >
AATHEAR St ST P - AR T A s

l 1E
R AT B S 3

B 2.10 ¥ 7 d] T %S

PRt T i ST BA SRR S g 69 KV 7

S

B SN 2P - BT TR RBAEE69KV/IIAKV S FE 5 10
MVA) B B 257 £ TH8MW - B 211 %57 5 B %4 s
SAEECE ¢ LA RE R 0 4E-1 R B P B T 25kW 2 150 kW

N

KT h 4 52 B 302 kW -8 b 4 % > pt B 5EE 21 & 1.5 kW 2
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14 & SkW z. HCPV &£ 58 % b o » ﬁﬁﬁ%?*’bﬁﬁ?fﬁ%%"?’
PERFPILIRETFEF ZATATRT - ENTRETAEEIESE
o RPBE AN REE S IA G0 BAE]l FRRL 5 Z B
™ A% ¢35 Zonel ~ Zone 2 3 Zone 3 » T2 AP I A
A u) BT 039 45 072 4% 048 4B f o 5 1 R AAKNT 4 4k
2T o PR R - B KW RZ pw s 380 VA
TREHHEPIET 50 & 45 11.4KV/380 V500 kVA 2 fie T %R B -
6230 kVar 2. LC g/t B2 H p & F FHAFFHE ~ kT g2
R E I 2 4 {5 B M (Static Switch, SS)~ 7 & 30 kW f 4452 H
WAL IRARAL A R BRE AR EF o HY = Zone | 2
Al iz g > ¢ 9 & 380V 2 30kW § ?‘Tﬂ R HER 48 A2
B T 0 IS0KVA-380 V208V 2 f BB E T I TR %S
f"ﬁ ToOEA R A RE T AEBZ 150kVA~380V/380V R E o ¥
b 21 A& 1.5 kW = Bt 4 53 3 3] % 0 B (grid-tie inverter) £ fig 3
REHBET d Z CHPRNABR B aFALE N TE IR
S T2 380V /220 V 255§ o o 0 b 850 B i3 5% b o S 0
BT R ETR ﬁTﬁzkimmﬁéiQJQ%i%ﬂ??’ﬁﬁ
MERE TR R RN EE o B 2 FE TS 480V FE S 65kW 2
PeF BT AT RN ER Y TR S BRI E
(Dual Mode System Controller, DMSC) & ifg f % 7 38 4 »> & e % 31 §
UG 2fmT e 7@ ®
SEMBPHRPLET THBMET > Flm FE A e
BETTORRT 0 50 R R AR R R

Bl DR A SR M o BRI E A s W A 0
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B4 AR RS R T o ot g A4 2
N HCA R e g ? TEYETR o d R AN IRA

ENHREFRTEF SIS > T T HeE RN
MHEE O M RG KRR RE AT TR Xk
TR BT T

RRERTEELRE > cRRETARDET > PFATT S 5
CERIIMAL B TR KT RERT VI SRR 0Q38 4

Bro B ERFH R AR - R ET TR ST

MR R EEPE ME RRRD ST RT A BT B4
MR E v BB R GERD S TR T AR MERENT R
s
A ©°
12x5 kW 150 kW 65 kW 2x5 KW 25 kW 65 kW
> > >
EEYN 380 v
ing W4oo kVA M 50 kVA
S
 HOQ38 e 380w A 380V \)
11.4kV 25m 25m \) 5 25m 5
GCB
11
TP 0.8k 380 vmlcrogrld Zone2 30KW 30kwW  |Zone3 30kW
C GCB
Load
69 kV
3 4E-1 AP mﬂ,ﬂ NO — v
A Cable  Gepllock B > D b)
I0MVA  25km 2] 500 kVA + NV
7.26% 3.85% L ONC o
6x50 kVAr NEB! 150 kVA
By NC
i a T
WY X 5
| Mookvark B bs [V
DMSC 480" » TD vﬁ D
o :Digital power meter, protective relay, and magnetic contactor 65kW  30kW30kW %/ PCS ‘
- M~ No-fuse breaker (NFB) 12x3.6 kVA 150 kvl 100
NO : Normal open 4
NC : Normal close 08V
Zone 1 21x1.5 kW .

B 2.11 INER #c3] & # T 4 5 L7k R
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= PREAR T R T RLAR A RS S R SER G

PR MTRE AR BTV RR  PATT RE D B% T AL

=F

FHTESROQ3BEMHZ N » ¥k d ST EXERHRET LN
ZBOIKVE RER 0 ST 2P - R TR R B(EE =TI kV/11.4
KV~ %2510 MVA) Bendk * @ jh o B 5 - @ a3 R 5 5 4
(inter-lock) k% » &% =7 7k 2 0Q38 » # * Tk 2 4E-1 > % 0Q38
TRA e TR R PR F 42 BRAZIH A gI R
BB IAE-1 . A E A AR FOQ38EAE-1T B2 40 B RIE
MELEFTE AR FIPR 2 AT IR HE L L MIRNT R
FF TR TEBERY -

(- ) OQ38/AE-1E 5 iR 4p B B 3f

R ERREEZ 2FF T IRZAP AR E PT = =
EEER g AR PT 23 % £ &2 3EAH5 0 B 2.12 5 4B-1
TR PT = = I AL 4em > PT 3 2.2 & 10kVA > 3f 2.7 B
11.4kV/208V/120V » #5478 5 A-Y(ERE )0 408 2.13 #57 « B 2
% 0Q38 ik PT = = i ® LW 274699 > PT 3 2% £ 10kVA > 3F %
TR 114KV/1I0V » R0 5 A-AFERF ) 0 4B 2.15 9757 ° ILHF &
Wﬁ@ﬁ%¢$u73ﬁ$@ﬁ:
1. £ 4E-1 & k2 PT = =x i)
(1) = 4p SR T R (X1X2-X2X3-X3X1)
(2)= #p S$HH TR (X1X0-X2X0-X3X0)
2. £ 0Q38 ¢ Az PT = =
(DPT = 4p 545 B (X1X2-X2X3-X3X1)
(QPT #4435 = 4p A T B (XIX2-X2X3-X3X1)
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3. Bl 4E-1 £ Rz PT = = 4k OQ38 ¢ iz PT - = f
(1) 4B-1 & B (X1X2X3)% 0Q38 T & (X1) -

(2) 4E-1 & B (X1X2X3)% 0Q38 T &R (X2) -

(3) 4E-1 § & (X1X2X3)% 0Q38 7 & (X3) -

(4) 4E-1 3 & (X1X2X3)% 0Q38 7 & (X1X2X3) o

B AT ARRET RS 0 TSR S TR SR

] 2.12 4E-1 7. /&7 PT = =¢ | 4R B] &2 4249
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| - Ym‘ o H 2 2
| I r H1 H3 X3
X1 X2 X3

Bl 2.13 4E-1 Tk PT &5 ]
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HI H2 H3

H2 X1

H3 X2 X3

X1 X2 X3 i

Bl 2.15 0Q38 7 i PT 424 ]

(=) OQ38/4E-1 T Rir4l:BIERF
TR IE IR R KR BT AARUPS) Y - BT IRT
@7 B FOQIBT AL LR TSP § BT
4E-1TiR(P o 5 *8) > 35 OQ38T IR > p #5273 5 0Q38 -
BI2.165 #r3TE 2 R 2 BT RT KB 0 BI2.17 5 3720302 5 4

L ATSI 4 £l T iR % Y41 R A UPST IR &
4B-1220Q382. PT » g ifd 4i=b3 R TLH BT K o B wATST 4

#F B2 aPTe G RIT R ¥R L A s Locals Remote  § 3% 2
% LocalpF » ¥ 2k T4E-120Q38 %2 3 % /& 5 % 3% T_5 RemotepF » P ¥

"
AT ML A B R A TANA -
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0Q38 4% 41

A
039 0154 030 048 4E1A

& BRI
ATSZ S 4E#]
& B+UPS

1R & SO0KVA  3¢4W
D11 4kV/380V/220V

500KVA 3¢ AW
S11. 4kV/380V/220V

W 2.17 3 4 = ATS 3 44741 % R % 5
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PR R IRLT AR A

NS

Y

¥

¥ ot

BAeR e k2 B2V AR AT P EI—J,,//T\ T A

%

o a OQ384% & 5 F vt s fl_r,(_»); d LT T BT s

g

5
o

[

2

R

PP MR RERTR IR AT ERAGT AN TR E
TV RARAAT -
S I ififﬂﬁ* SRR BT R -y iR
T FERTHF DL BREGE c T2 BTy B
TERge 2 RTAS T TETAT L F 2R BT R T L
i % T 4 2 7 “ (Electric Power Research Institute, EPRI) *t3*
NERF 2FRFRYAF PG HIFTLIRTRAARE ¢ 7 50
Tk = itk ( System average interruption frequency index,
SAIFIL)~ & 32T 32i% § p# [ 3 ¥ ( System average interruption duration
index, SAIDI )~ * = T 92 7 = #cdp 1% ( Customer average interruption
frequency index, CAIFI) ~ * = L 35i% ¢ pF ¥ :})5 1% ( Customer average
interruption duration index, CAIDI) ~ T35k 7 ¥ * & 3{;, 1% (Average
service availability index, ASAL) £ 35§ Uik 44k (Average load
interruption index, ALIT) » # f§ ¥ P 47

I 4390k T = dcdy & (SAIFD)

Cmieg () 2AN
SAIFI_ " = 2 . 1
AET A&k SN (2.1)

FFp M2 R Ao B R BTL Tl Y L AT f R
g2hiz &~ N, qu\g;\.g‘;,, BT e o
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2. % T390k g < ey 5 (CAIFI)

CAIFI= P T (%) ¥ (22)

= 5 R ;
- U NS 'S

2

LAE - B A E2 Y nT BT Al BY 0 LR Bl
Fh- &Y LT BT AR FEBRE S K BRPE - % o
CMH&SAWHH%%;&’Rgﬁﬁb4gﬂﬁw?wﬁaﬂmﬁ
EHFIRT ARV ARTIEY G > APT L RE R R
CAIFL 4t » & 7 #-7% | & R R E R0 o0 7 ?'Wi&ﬁ%ﬁéz
ARV R 2 F B ARY o

3. kAaTinid FRE g1k (SAIDI)

o T;‘%é‘:p%‘g&:ZUiNi
RET & 5N

SAIDI="= (2.3)

RR G B2 E R Ao EY 2 TR R U AT R
2 BTER

4. % % T35 L EE 4 (CAIDD)

w2 egpr ZUN
cmmfﬁ;%§§§w=zéw (2.4)
For - £V TG BT R 22 TR TERF o
5. THEE T 44 (ASAD
ASAL- ,&4} H$:?F%E'&:ZNiX876O-ZUiNi 2.5)
Y 1 5N, x8760
AT - EY VR BRI RMRA R SR EE L S

RS L - By g T ok 8760 /] %’Jﬁﬁ#ﬁﬁ-;?i}i
%L%ﬁi°
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6. TIaf §is dp ik (ALIT)

BRI
A= e Re pE (20)

%7 T35 @ IkVA § 49 > 4@ 8renkVA

s P AFI02E R & 2 iR T pFF(SAIDI) % 18.0864 /% ~ &
* i F = #ic 5 (SAIFD0.264 /= o

- BTSRRI ROV ARRLETR > & AR LRI A
BRAgd Ry 7 BV RARIRR & A A GRE LR S v LA
L ARALR = BB VAR LT R kA B (T
Wraadr ot HELHR2Z T AR S BEART LT L
BRIEHe FRAI 3G 2 P2 P A - &

Mo X FERF NS A ARG LRED T ARERAE o ok

B (Network Method ) ~ % % + % #i#2 (Monte Carlo Simulation
Method ) # % ik 5 /% (State-Space-Method) % > e F % F ehfie T
SRR RF R A HO LG H g - BERESOT LA
FArE PP RRTIARG T RDER PR PR BT RS

Bt s T4 WT S A

e ARRd FI LA RB AR R FBAEF L BT
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:U_:Ziﬂviﬂ/i 50
7577 ik (29)

H ¢ )L T o F(failure rate  f/yr)> vy 3 T 3512 44 PF F (downtime
or repair time » hours ) » U % 3¢ #f i2 @ P¥ ¥ ( Unavailability >
hours/yr ) °

Fasiad F I AT EA S FE LAY LA ZREED

[

AN +
D1 112(71 172) (2.10)
AN T4,

(] Ay, i £ S Rl W =Rt g = - R I L

Ao =HA (7 +7,) (2.11)
=472 (2.12)
P+

U, =T, =47, =44y, (2.13)

wEL ] 1

PP i E

W

BB ROV LR BT v AR kb
TR BT P AR FE I RR AR s
E Y R R RS > I8 % A eE

LR

2. FMEA &5 8 84 49 4

IEEE Std 399-1997 ¢ f it — B 2 € chv F R FTH > % > &kl
H58 B2 84 472 (Failure Modes and Effects Analysis, FMEA ) » &zl
BERARELA 728 - B3 * N2 BV RAART I E > R
jodd A - B BT P FMEA B E S e d ke g i

=
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- ~OQ38/4E-1 7 k2 40 B Rl3E 2 R4 B4ERF
(- ) OQ38/AE-18 T ik dp & i3k
1. | 4E-1 ¢ Rz PT = =

(1) CaselA: = #p HEH MR T B (X1X2-X2X3-X3X1)

Bl 3.1 532404 FprH2 24 RMSRTRE B 32 5>
02 42 Z IpBrMF R RAD, > B33 T RAPAEA, -3 BV #F R
ZHTRYE206208V ZF o pRBERELEAME o

05.04.2015  11:44:47

= I 05.04.2015  11:46:51
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Y RMS [W]
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WMWHI

2066 —

el |
%r’

2063

I06.2

45:40

45:50
Minute:Second

6:00

Bl 3.1 CaselA = #p RMS &3 B & (F : XI1X2~ & : X2X3~ % : X3X1)
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(2) CaselB: = #p s ¥4 T B (X1X0-X2X0-X3X0)

Bl 3.4 234 4&Fp“rF2 =2 4p RMS AP 7 B & B 3.5 5 35~
02 Fjz = APPRPFF T R, > B 3.6 2 TR BT, - 3 BT F I
ZHTRYA1188~1199V 2 & » p BRI B S % L 405 o

I 03042015 113513 - I 03042015 11:41:26

.

Y RMS [V]

1 1
29:40 4000
Minute:Second

Bl 3.4 CaselB = 4p RMS 4p T B & (F : X1X0~ = : X2X0 -~ % : X3XO0)
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(5

Z iPBRPE R R

B] 3.5 CaselB

[ add

I ¥ L1 hot

™ Hold

WL [V]

0

[l 17 A

YL

: X2X0 ~ % : X3XO0)

AT
W—

AT AR B BI(E - X1X0 -~

B] 3.6 CaselB
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2. 8 0Q38 T k2 PT = = i

(1) Case2A:PT = 4p & $+48 T /B (X1X2-X2X3-X3X1)

B13.7 502 A4 Ep|“ri¥2 = 4p RMS 53 R @ Bl 3.8 4 #15~
02 #)2- Z ApprpF T R AA; > B39 5 R BRABAERA, - d BF #F R
X1X2 3 /&% 118.1V ~ X2X3 2 /& % 118.5V ~ X3X1 2 & % 117.8V ;
X1X2 & B 4 90° ~ X2X3 & & 4 210° ~ X3X1 & & 5 330" » 4p & if)

E2ELZEE

I 05042015 12:31:47 - 08.04.2015 12:33:50 Elll

11560 i
i 118,50 A_ML mn [‘ L
AN el VALY A I
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] 3.7 Case2A = 4p RMS &3 & & (F : XI1X2~ & : X2X3~ % : X3X1)
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(2) Case2B:PT {8 :5=8+ 5 = dp ¥ A T B (X1X2-X2X3-X3X1)
BRI TED T EFRBRE . P BRI IRTEY - gy
o AR T4 BRI Case2A — 0 B 3.10 232 A4 F i)
#7182 = Jp RMS ST R E - B 3.11 5385 02 fj2 = g T R
BI32 L TRABA 0 BT FIRXIX2 7R Y 118.2V-X2X3
TR 114V~ X3X1 2R % 117.8V: XI1X2 4 & 9 90° ~ X2X3 % &
¥330°~X3X1 £ R X 210" B BRI REF LS IARSE o 20 E B E B
B% & Case2A 2 fApR AR = > dadhd PT = X RI4R B3 838583 0
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3. B 4E-1 &2 OQ38 T k2 PT = =t ip]

(1) Case3A: = 4p ¥t = 4p T B (X1X1-X2X2-X3X3)

Bl 3.13 552 A48 R*H2 -4 RMSRTRE B 3.14 545
P02 )2 Z APBRPE T BT, 0 B 315 2 R BAPAEBA) o d BT #
R XIX1 3 &% 240V ~ X2X2 /& 5 120V ~ X3X3 3 & 1 204V ;
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(2) Case3B: 4B-1 7 B (X1X2X3)% 0Q38 7 /& (X1)

Bl 3.16 232 » & F PI*TIE2ZZp RMS ST RE-B 3.17 547
P02 #)2 Z AP T R4, B 318 SR RAPA B o d BT HF
o X1X1 3B % 240V ~ X2X1 7 B G 120V ~ X3X1 7 &R 4§ 210V ;
XIX1 & 2 %90 ~X2X2 £ 2590 ~ X3X3 & 2 %60 -

i 2400 -
2300

220.0-

03042015  12:10:29 - I 03042015 121157 Elz

4.

00—

200.0 -

190.0 -

180.0 -

Y RMS [V]

170.0 -

160.0 -

150.0 -

140.0 -

130.0 -

120.0 -

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1
10:20 10:26 10:40 10:45 10:50 10:66 11:00 11:06 11:10 11:15 11:20 11:26 11:20 11:36 11:40 11:45 11:60 11:56
Minute:Second

B 3.16 Case3B = g RMS 4 7 /& & (F : X1X1 - &z 1 X2X1~ % : X3X1)
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(3) Case3C: 4B-1 7 B (X1X2X3)% 0Q38 7 /& (X2)

1310 5252 A48 07792 = 4p RMS 805 & & B 320 5
P02 #)2 Z AppPE T R4 0 B 321 R BRAPA B o d BT
FoXIX2 7 RS 123V-X2X2 7 B G 120V~X3X2 7 & % 5V X1X2
R X907 ~X2X2 £ 2 % 1507 ~ X3X2 & & % 60° -

i 130.0 -
1200 -

100 -

I 08042015 121333 - I 03042015 12:15:05 EI—X

.

100.0 -

Y RMS [V]

1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1
13:35 1340 1346 1380 1E55 1400 1405 140 145 1420 1435 1430 1435 1440 1445 1450 1485 1500 1505
Minute:Second

B 3.19 Case3C = g RMS 4 7 /R & (F 1 X1X2+ iz 1 X2X2~ % : X3X2)
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(4) Case3D: 4E-1 T B (X1X2X3)# 0Q38 & /& (X3)

B13.22 5302 A4 R R#Ti92 = 48 RMS 0% R i8] 3.23 5 4%

B 02 #52 ZAPBEPE T RAA, 0 B 324 LR RAPA B o d BT S
o X1X3 & B 115V ~ X2X3 7 B 5 120V ~ X3X3 7 & 5 205V ;

X1X3 & & 590" ~ X2X3 & & ¥ 30° ~ X3X3 & & ¥ 60° -

05.04.2015 121627 - 05.04.2015 12:17:55 ﬂ—)‘

YW RMS [W]

050

4.

2000 -

195.0 -

190.0 —

185.0 -

180.0 -

175.0 -

170.0 -

165.0 -

160.0 -

155.0 -

1500 -

145.0 -

135.0 -

1300 -

126.0 —

1200 -

115.0-

1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1

16:30  16:35 1610 16«46 1650 1655 1700 1F08  ATA0 ITIS 1720 T8 1730 T3S 1740 1745 TS0 1TSS
Minute:Secand

]

3.22 Case3D = 4p RMS # 3 /& (£ : X1X3~ & 1 X2X3+~ 4 : X3X3)
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