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Abstract

The smart grid has to use the advanced sensing systems,
communication systems and control technology to ensure it can
provide more efficient, economic and security of electricity to users.
The micro grid of the Institute of Nuclear Energy Research (INER)
is selected for study. This project investigates the related problems
caused by the interconnection of the INER micro grid and the
Taipower distribution network. These problems include the
protective relay setting at the point of common coupling (PCC), the
reliability analysis of the micro grid by considering the existing
INER grid and the integration of Taipower distribution feeder. The
execution of load control and PV inverter control by issuing the
control command from a remote simulator of DAS master station via
the network communication. To include the functions of Advanced
Distribution Automation System in the INER micro grid, this project
also executes the planning of micro grid power network with loop
configuration. The intelligent feeder terminal unit (iFTU) is applied
to support the function testing of load transfer and virtual power
plant. The implementation of this project can extend the
effectiveness of the micro grid and improve the penetration of

renewable energy grid.

Keywords: Micro-grid, Renewable Energy Generation, Advanced

Distribution Automatic System, Intelligent Feeder Terminal Unit
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table 1. Distribution system planning approaches.

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-directional
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,

P ow e
FecB 3% R H
- B = A1 T R

RS ¥

“?ﬁﬁﬁ”ﬁ

R
LR AT e ey

’

R
j\?ﬂqpﬁ%%ﬁl
FOR_o Wi - B

7

ﬁéﬁ’ﬁﬁﬁ*ﬁ%%%%

B R AR R T B

¢§gmaaa%w%x



S
&H

R4 * 2 Tk A R BB T 0 R FIRR R & SLendfk (T2 5% > 0w 2 DNOsAefb
23 TR(IPP)S & B enf 416k L > & 2 ety J v 8 g g
vﬁ%%%§$ﬁﬁzﬂng%k%@DHarﬁ$fE% ShEnpAh 0 AT -

7

=
<k
\\«

FehihpeE s Bk d o Q- BRFECRFEFETS TG
Fom BRI ARMZ X 22V RPT S L RFER - Q)RETT SR E B
i BERERNOFLEFETHhah v R TR0 h @@ 65
et o TR Z 20T R E TS TR £ PP

#PARSDEREH ~ FEF HF Z(ORM)2 &4 T B enT 4 it - i
d AT RS T 4 R v O F 2 < UDERT BT ¢ /MR e T
Foo PR - B AA D * DER»E 4] o ik St e ek 2t 248 #DER

—\

Il
L F
R

SEUNEE R R SRS R LS Y

(=) MR 3 B ettt
- BT RT LS AEINGY [MRERT A s d H- & 5 BDERE BAHE
o BRI E R Rg o - BT RT LEd FEs R EPCOETIH 4%
FeoR 4 vk A AEE > B Y Al e Soib B (isolated grid, I1G) fEHE
FRERLI P ER ST AT RN TRFTESHT 0 AT ik (grid
dependent, GD) 5% & 7 % Jjb > (grid independent, GI)#-5% 2. FF #& 3% > =HARLCT
ﬁi?%ﬁ&@ﬁ?iiﬁ%ﬁfﬁ?ﬁio

TR Fp o ngd RTLAERBRFHDT A o F (2 H i@

ey B0 > g d & A A R frR & 2y
PR ARG EHETRE I BN GG TR B2 R B
W (TR o S ER DG ER ) o U T T RIET B & D
«M?r °



{245 DER 8 < 90 Ach i en 6 0 7 MH A F T BISA L Ho B

4

I BOBANERE XY L F - BIMAPL T

T
LXK Higd 4 3 FEBHERBHELZ FAFamB 280 o i X

\4
=

Al DG {r DS E ~ e %4 & > 2t 7 4 T F B dlmAs - K e
BB BEFEFPALR - T T A K e L F P e BT

B 2 en(autonomous) il & it 2. T oo gp Rt - B

a
o

~=h

il

[

&5

N

ST ¥
ﬁ

&

&
' F.*

fA T TR A ke R R
ER Hjle~ f 4§ Ffch F i@ = % o

1. HCT g cfblg
BT o~ EF R AT R ORI A 22 0 - BT

BT R ERSEREROA A o 222970 Bz BEAA N 5T 4 2P kR
o H- RS BAG I E/FEY TR oRp T R B2l - B

%22 ML ¥ A B e

table 2. Microgrid architecture.

Utility Microgrids Industrial/Commercial Microgrids Remote 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
Ccenters
Main Drivers Qutage management, Power quality enhancement, reliability and Electrification of
RES integration energy efficiency remote areas and
reduction in
fuel consumption
Benefits * GHG reduction * Premium power quality . SLEPpIy availability
* Supply mix * Service differentiation (reliability levels) * RES integration
¢ Congestion management ¢ CHP integration * GHG reduction
¢ Upgrade deferral * Demand response management * DRM

* Ancillary services

Operating modes:
Crid dependent GD, GI, IG GD, G, 1G IG
(GD), grid
independent and
aLonomaous
operation (Glj,
isolated Grid (IG)

Transition  Accidental Faults (on 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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table 1. Interface media for DER units.

Primary Energy
Source (PES) Interface/nversion Power Flow Control
Conventional DG Reciprocating engines Synchronous generator AVR and Governar control
smal| hydro +P 0
Fixed-spesd wind turbine Induction generator Stall ar pitch control of turbine
=+F —Q
Monconventional Variable-speed wind turbine Power electronic converter Turbine speed and dc
DG {ac-dc-ac conversion) Link voltage controls (+F, £Q)
Microturbine
Solar PV Power electronic converter MPPT and dc link
Fuel cell {dc-de-ac conversion) Voltage controls (+P, £0))
Long-Term Storage Battery storage Power electronic converter State-of-charge and/or output
iDs) {dc-de-ac conversion) Voltage/frequency controls (+PAQ)
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) (£P 20

TA,;;@ Ak dla 2 o DG v 1 ¥ - ¥ £ @A & (dispatchable) » = ¥ 12 §_7
ERRAUA o - BT EAR DG I o TS F kSR AR L
KL FAMenipd] LT RAR DG ¥ AR TR A A FRER KA o B
23 5 - B * AT FT X AR 2 DG B > 2t AAFF 5 DG U ¥ e i
7 i B(governor) k4 (7 R i FIfe LB E > p & T RAE E(AVR) R 4]
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wﬁflw-%ﬁ%:ﬁﬁWiﬁDG’ﬁﬁ EAlEE Tl ok NS SRR ST/ R X
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(MPPT)siaf ) vt de 3% S & ehrd & o

V
Wy I Governor |, © mfl Voltage
Control Regulator

Grid
Connection

Fuel

|
Engine L
Ll

M2.3 it sl &5 T4 DGR &

F24%7=/%025d T+ 46 DEREHF-F24Q@)5- B2 LR
1k KR(PV)AI8 DG » ¢t PV 'Lz |igd — § 4 e B er a e 3 B o L e B
F d - B dc-dc # & B{r— B dc-ac #& 4% £ #7% = ch— B dc-dc-ac % tio B 2.4(a)
SR A TRBRREF T XARFES DG H & o bildo- BEHER S

TA R R s - R3S MemEs o

“\s

Bl 24(0)57 5 - £%F AR A X DER B ~ » H¢ chigd B 4 A

d 7@ X I de-de #H B fo- B de-ac Hik v o BEAE Y PV LS

"1,\)‘(

BEBRADROTR - LV P EE R T AR - BT L
By 4 - Bl 24(b)» RAF - BANRZAARSE 4 DCH ~ >« ¥R E
A- BT ELARPRL N DER E ~ o
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Bl240)k - K233 @ FZPF TP e DG HE ~ > ) DG H ~Hf 47 - &
TEAMOREREGFE A AaF TR e -BITERHT XA R DG HE 2 £
— ac-dc-ac s 4k Bk ser 3 HeR R B o T Mk s H - de-de i E
i & 27 ac-dc-ac # 3 B & st B nda(de link)dp 3 s 0 T pt B (F A R g
TWEEF A RRDRT R EEER DT A PG Ko

T+ @A DERE ~g - FFOEFME TEE I EHEFTTRE LG
Lil 4 T - BB BB BT U DER ¥ A BHEm T

yxli

\3\
b
e
@

X HF R mn200% T > F AT ok 3 B EIR R R o PR IE Se
DG H ~ » AT RN GLEIRE > FITF 2R PDCEAT 2 LG EFRFE
AT R R 0 2B B EDRE I AR ket
AR AAR B 242 BHBAG Y - BHPISCTRENRKAREFRD 4
AFERRRE DT 4 Y~ F R B DG A0 4 B3 k2 B

Bofe 2 3 E ¥ R PRAR F] o

P\ Inverter

PV PES-Side Grid-Side

| }7 Converter Converter
Fus V
— — Voo | — - '-\,PC

PV ] ] — [ P~ J’{_QJ |

IT’——'—V—I o Hybrid Structure
Genset

(a Vec
e —_— .
| F 11~
PV Inverter + Battery Storage

Ve
PV " p == Jt—| — | | Short-Term
- 1 ~ . ::%—T _ Storage
: — (c)
T
I Battery
Storage
(b}

B24 T8¢ 'DERE ~ - &34 (a)#&i2 4 & DG : (b)2 ()7 3 & DG
f=DS

3. T R
BB R EBMANT o 4 NP e A ¥ VAL S - B L3 (slack)

B AT R/ E P T RAL T A LB TS T e ffk
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oo RPN e AR F Ee B o T W 0 L R MCT e
E B MG T R ORI BAE - ﬁ%’&ﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁ%ﬁ
ie 0 Blde® 2 PRARZ R R bR 4 r‘%%‘r#&ﬂ o Ldg L PN e
e TRy Y N oo A R RS g 4 wARE Y ki DS H
AfeT AR DGHE G R R E RGN

P A 2EACR M (non-sensitive) i § 4T ALAR B T A
» % £ & Jis(demand response)dz ] K ek > 1 A | LR R i\ % % (load
profile) i 5 =g > & § AR EFTHE G FADT A (PlArF 1L DG H ~)

?11]%#‘&7.’1}’#’;§$\’%?ojk_ﬁ’{}a.ﬁ—_f"{i} m§$\ﬁ gﬂvi\.m ¥ % o
e g EF B ¥ BT RPN R E Zi 4] F (energy management

controller) & 4% {7 &2 & 7~ -

(2) MR penirdl s FRALK
1. #% % % DER 4]

BACE ) 0 DER H A fof cE 5 A0 R fihe i o7 i aid i
* % -DER ¥ ~enfpdls d B2 kiifrd v DER B ~Fenjp3 iv% kb
%> DER ¥ & e R 4p4ls it L3 BAGE S 5402 Fm 7 4] - & 24 i
—WﬁDEQEiiﬁﬁﬁhﬁﬁﬁ~&ﬁﬁﬁ’%ﬂ%ﬁﬁﬁﬁﬁéﬁéﬁﬁ%
(grid-following) £ b = 7 42 = (grid-forming) = fa47#1#-5¢ -

FaE s - A 2 2E% 3 5N (noninteractive)frk 3 5V R A K E o §
* % & R (PC)E i&ﬁ%‘l?@?rﬁﬁfﬁ‘% PR RAEEE oL F o Ak -
DERE’Emmﬂdz!gigaJ et F e H v H A f B aTE o U A A - BT
AT EERE O Bdo- BB FEHIFOIEEKR A I NT RS
d T4 BAER

i
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FRAFAE PR m B A Lo iy TS 2P RRARDERT
H- BV EXAREADTRIOFEIAIA T 0 BRZE T VBT ) i
% 5%  DERE & ¢ W &bz T ¥ » RETfrens 5> FREASTRE
FPRUEF ok F A BAL S BDCE AL R AL T R T P ERHKT
PP FRETNE B RTHEY S ?i%DERE ~RBAGE F 0 T S
FR

o

RE

%24 DERY =~ 2 ‘%j"“’# I4ﬂbm/4a\z,g~?

fable 2. Classification of control strategies for electronically coupled DER units.

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

(1) & 33 &g (grid-following) : # L’M?J:“jgzﬁj

(7 A2 T B T R 30U T 0 TR # gl R
B % GdrIDERE A by 3 5 o ok @it i 6 - TR RER F(VSC)
TR TR R R VSCHR TR R (PWM)h 54 R o B B
AR BLT R A, 0 5 B ET ETHE SR o P KR T U -

I 7°dq0” =7 T F Ifu’i"a‘fa % Ty L s £ 2 g s B 4 S

ReSIBy 0 end 5 S o W25 - B7dq0” R B B a0 S -
F2.5 & - BVSCendfhfrqdhT /i A £ 2 (5 d - Yabe” 2 7dq0” ek 3 @

Podl o grd sk A LRI B NS Y RGO R B L
B R RAGR IS 0 2R TRVAfVO S BB > - B7dq0”
3 abe el HE > TR RPWME A 2 F ez i £ G o Fimenp 5 e 38

o

EH o RITAIES ol ROREAl S % IR I F 2 2 T

abCi %% GHEZET > bldo— B A L fEen s AL e
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d-Reference

Controller [ /alref)

. Vyiref

— s |u [l
c — M d-a | e
— ) i Current | V, "o

. dq | 7 Control » abc |y ref | Signals
I g—* .

ol

g-Reference i iref
Controller glrel)

W25 %R mEE E 5 4 6 DER:A-qR T ik i 41 % 1

B LR ]S R 0 2 R v - Rdosin T R
"\' n25‘:‘ md%’{f’q%éi K#IJ% ° /’{’Jf\_P_ B };sl;
R4 B e TR

®2.6%8 7 - B A 5
FIEfr— B F a4 F e b5

P m%]/\ﬂ' il idesa R ETRES O VET
AAeiv* o d JHddh A BT K T g 0iE o KT frdeddis > foiin Al ahrd
&) o

Y E kT EHG

g#wﬁ,/”q%l‘}im B

BI2.67 chm 7 F 4] Bk 20
iR Ao R end-q R

Fl#c s Lerpk o PR L (Qref)Trzk 20- @ ¥
THIFEH 0 ¢ S BRdEfrgeh T A gt Gl e (PDEFE - RS AR
R4y Ey ‘ﬁ 78 (cross-coupling elimination terms) o

ax

u

(feed-forward terms) = % il
T

d ’dq” 3 "abe” e 4k 2 o T I B m@‘] e A, A PWME 5LA 24 Behdd

dh- AR FEE S AR ERRP T

AT e U S
REE A o TR g BB T N e TR

“’”’3
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Vige(ref) Vo
? Contraol

& L
l -
abc

#12.6 Grid-following = 45 & 43 4 ]
Q#FBRED/E# Fchiads

BI262-F Ap iy » A RenZ W A * K F 4 24 B jE o B2T78 - ANEL
i R R PDERE &2 F I # S Hl B 3¢ P(ref) fQ(ref) 5 £ 3 /&

e

o

FRLE > @ PoutfrQout 3 LB iRl B ~ i ) LR L iR A B kR

P(ref){rQ(ref) ¥ & - R4 PRI B A SRR Lt Hd - FALEF TP Fd R
(power profile) & 282+ & @ (8 » 11 i¢ ) DERY =~ th g [ 75 SECEIE=2 S SRR

e 1d

FoiRr et R A A R R 2R PR e iR Gt
IR EFERES UE P EE L SRR S S T A 2
BEJer X Flfga F o
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Active Power Contraol

Limniter
= Ahax,
P{ref}—_-{g }——n- — b »
Control g iglref) d-q
Fout
Current
Limiter Control
Pl =
QAref) - — > »
Control Min. i(ref)
Cout

Reactive Power Control

Bl 2.7 F# Ffcm s Xt H
(3) B & a5 (grid-forming)#:#

source) s i o BT e h- BT A S H A F Uy LR FPCCRNT

BEP RS P EAFER S > X2 KR PR ks
FenTfro ok 3 A BT 5 BDERE ~fitky S22 iR pofE R EH0R
BR3Pl @ % Ap 5 M d(frequency droop){r & /& ¥ Z-(voltage droop) #& 43

&
FIRE kT S fom 7 S E o RITMERT o MR EOT BRir
ihy AL

iy
ﬁﬁg R E 3T %iﬁ’%ﬁ%ﬁﬁﬁ5§*+%ﬁﬁT“%M

12817 4 5 i £ (F-P)fr & B S E(V-Q) M L » & - o P R A
% (k2 & @%?iﬁjffif%@ < 3F THE 5 (Fo 0 Po) 2% AARALE B (Vo Qo)
4 - % #c (droop coefficients) fo 7L # gL+ & d - w 4R i 4%

(restoration process)+v » ¥ > 1B i b A BFDERY ~ cndf iviE gL o gL 2 ;gc)
B ik st R 4 4 pe(power-sharing)-k - > ki BB~ Rl e TR R 2

2

B > @ gt w 4R 7% (restoration action)id ¥ F2EF EM g ¥ ¥ L Tk - b2k

TR L T EBT RHRFRY o

FI2.98T7 — B MLA 4] Kok o= W 4 B ooy » Lok 5 & Rl
EL
.

A ffDERﬁ’“ T RBLE > WwEkDEREAF 2 kenz £ RS- BT
RO F R EAFLF R HIAR T U L F L E LR
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R12.8 % % BDERE ~ @ hf §* 4 fe ¥t (a) f-P droop (b) v-Q droop

DER Controller

Af—e +P P riat + 3 SE::; —=
Droop Caontrel d-q
P o Current
Reactive Control
av—sl v@ |9 S}Jr J| Power |,
Droop X Control
Qo

TABRRER
- B} AcES B2 DERE ~ehileR > T & - BR 4 F Kok (PMS)
YA - AR TR (EMS) ki & i » i@ g o ] E_ A E O 2 B0 o
B i BenT 4 % Bdp st B AR PMS/EMSHE-iE Bl 5 MAEE & e o

o

~ A DERE A s HT 4 3 F BN G FPESLE

o B A EHER S VT 2 AL By ?jaw,fwi;;z R o

s FEREI KPF DERE’*Jm'}L?—?)ﬁ%’Fﬂ‘é%i&ﬁ,@/i}i cfE T ag 2 A hFen
T

B12.10%8 77 — Bk #PMS/EMSenT /g im e frrt it - H ¢ Tps g 1Len
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21
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Customer Litility Lewel
Load >'F’re-sent Information ImpmvefExpar‘t
. Pcmler Cnntml
WEEE ﬁ'ﬁ‘\”}" Forecast '\: I
RicHpar /" DER Level
o Haal;;"lma Dispatchable
ower/Energy Source Control
Management
Variable Load Level
Sources Forecast -
\ [Dam and Res punsa]
Present Information Control
-
Electricity
Market

B]2.10 — B P.a"r’EEmPMS/EMSF ‘f—-/uuﬁ"’ff’ﬁ b

PMS/EMS;+- % DERE = chid &/ # & & 4

- tDERE AT § A FA S Fha % o

« THMT R R o IR AN G E R T

B0 1 TR e KT RN SRR

cArk G REROFE OV RAT RS ITRL B EHT
=hH
o

o7
R

IR
O
m
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o
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o~
La
£ LY
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=y

A NP I B AT s DERYE 3R B F LI e F oo Gl s
R A 27 8~ Eo] e 5 (peak shaving) > i x F - H ARl G - B
PQ-buszt #PV-bus e Flpt 3 TR EARGFH I A E AT epr F o F e
AR LR o 2 - BAbZ DR 0 AT H Al e S s
R RnB f f 58 20 AT e fEE- PR REFT RS
PR AT g T pe e ¥ b 50 R BT ed i (Bedt § DR IR %) R R
I B R gl H S R F > Wi fog WL OR o F I L
7 & 1o PMSIEMSJ32 7 # @y ch 4 T rfek p chil g ig - & o
Y F TR o 3
« &g 4 (load-following) it # ~ R B Ao#g S 44 - o4 2 A & DER
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(z) EFPoTHCR

¥% e # 1 #r(Institute of Nuclear Energy Research, INER)*+ 5 #p 2003 & $ »
P AR RABEEZ2EE > 235 100 KW 3 F X F] - B 2 7 % fL(High
Concentration Photovoltaic, HCPV)> £ ¢ 3 14 & 5kW % 21 & 1.5 kW 2 =[5 &
e R AP 2KW A 5ok 25KW 2 150 KW AR b 4 B T8 K
oo P B THBERFT > THEFEF KW RFHEF L 5T s (SOFC)2
600 KW B # 3 T % 3t o AT Ty K58 A4 > 20 2010 & fasrph

5~§

B KWL 2 5 BB % p L5 (Autonomous) /& 380 V #c 3] T eor 4o i sz 2
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N
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PRz R4 hkd SR X ST ik 69 KV TRERE 0
P2 ¥ - BT R BOE X 69KV/ILAKY ~ 7 R 5 10 MVA)E R o i >
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d
B+ 2 F fy B R (Static Switch, SS)~ 7 A 30 KW § i\ WEHT AP g s
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and Control System, ADCS)# fie 7 2% & ¥+ % ¥(Distribution Dispatch and Control
System, DDCS) o }F i = [@ B sV ihZE % 4 1 LA R Y B 0 U T Ha kR
gLm % > @5 CDCS 2 ADCS = B¢k » 2 ¢ DDCS # 4R i #_ADCS - iz
= % =2k i (remote console) > 5d i@ AL ADCS:if B H @ * - 2 3%
WA od W TERFRRAFARpEC DA FEFET O FRAAR
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POAT O g A B BEY PR GCBIL 0 11 T R H e fe
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420.36 16.6 4
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SEFEl | Tt A | B ERER(S)
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2 96 4.9505
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4 192 0.9901
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15 675 0.0442
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