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Functional Properties of Stand-alone Microgrid EMS Application
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Abstract

For many past years, research in the operation of stand-alone Microgrid, which provides electric power generated from renewable
energy sources and energy storage system instead of diesel generators, has been a major issue in order to prepare the exhaustion of fossil
fuel and to protect environment, in island grids. Samso Island, known as the world’s first stand-alone Microgrid in Denmark, is
connected to the mainland grid through AC system, which has different technical conditions with Korea’s isolated power system.
Korea’s first stand-alone Microgrid has been built in Ga-sa island, Chun-la-nam-do, based on Energy Management System (EMS)
operation, and other islands are under construction to follow the next step. These stand-alone Microgrid’s has large capacity of Battery
Energy Storage System (BESS) and the proportion of the renewable energy sources are large, which makes it necessary to use a
Microgrid-Energy Management System (MG-EMS) to operate the grid effectively and economically. However, since the main subject
of MG-EMS is different from EMS, specific characteristics and functions must be different as well. In this paper, the necessary
characteristics and functions are explained for a general MG-EMS compared to a large power system EMS.

Keywords : Stand-alone Microgrid, Microgrid EMS, renewable energy, Battery Energy Storage System

L A& date= Aol deg v dEEs dHdtE B
o] gl7] ol olgt EAlES Hess Avjrp &
EAAGY e SYAE velaRag=d diat 88t

Bol M ALdS Aldek= A5, AT S F Battery Energy Storage System (BESS)i= A& 2] J&¢
A7) feix = oluA gk A AA Al 2=H o wjg- wEm Jom HiEHe= dE9s AEdurt
= Alolstz] §13 EMSS] &&o] Fdasttt [1]. olEg Had AFd date &Y d™Hs AlTd 9
S HE vlola =g E EMS (MG-EMS)l A= vhghe] & Ql7] wiol] SHE mlolamag o AREstrlol 4
L, HEY 25 52 dSste] gA 2], oduA A ek d¥ Adujojtk BESSO| =ZL7]o wef, wiE 2] 9] PCS
FgAY TR AgE dEAeR A9 BAAE E AFACREE (PIQ EE)E dske WA AYA

grsh= FA, a9 HEAdS FASY FuS 9F ofEE (CVCF BEE)E 9%k WAoo =2 v 4 9l
A grsleE 7)%50] =835ttt wEkA MG-EMSY 7IAPE 9 Zo] BESSS AV|E W&o MHXF= H

|5 ol e, Aol -0l = BESSE Constant Voltage Constant Frequency (CVCF)
9 &9 d=5S xg3 7IsAAXAGo|g & 4 Uk 22 4743t main source® 83l fA WA=
g AGAGolA 7lsHAAG S ANEeR &gt WMo r Pst= Ao] uighA et} [4]. o] W, MG-EMS
7lol= AAEAIZRe] Y o A7) "], ddde & Sk duyA A"Ael g&Hola BAAA +9S
2 AL Agbe] & AATHS &85t WhdHol wlo] el Mgom Axe oA dre] d dAE
Azad=s 71 AZAAAZANA A Az P 2 & HASA| AR gk g A w7 7F vl ge &%
FEs v A= AR F7F A7) "l AAE 7S A Lo Afode ™A 7L main source® E-§-3fal
AdS 282 o A= o] 2 Aol T sttt BESSE P/Q REZ -3l Ao utghz st} 24 &
oA APl A, Al YA L] v &S = ek MGE AH] A 9 R A 2A A9
ol 7] fsiAl A dule] HFS ARFAR] thatE A gjof gkt
Eoll wlstel A AAG7] wel vk A EA 2 = 1Y EE2dA e diatE dgAFe] EMS

@ JPsAol wT ) ¥9 WA WY BA/IE o BESS, A4 Aol AAE %9 vholaz e
BESE AAY Ao 544 Feol E alZo] of o ofux APHe MG-EMS HiE Fde] MG-
99m e wMEY E=@ vma 2 Aolth (3. £F  EMSe 543 Bad s5S0l dstel BAsgt =

Manuscript received February 23, 2016, revised March 10, 2016, accepted March 10, 2016
ISSN 2465-8111(Print), 2466-0124(Online) DOI http://dx.doi.org/10.18770/KEPCO0.2016.02.01.115
© 2016 Korea Electric Power Corporation. Personal use is permitted. Reproduction/redistribution requires permission.
115



Ha-Lim Lee ef al.: Functional Properties of Stand-alone Microgrid EMS Application

o MmeEMs
o W 74 % (14 22| AS 71E) 2 w24 % (15 7S A 71D
BESS(Main, CVCF) + Diesel
S Droop + AGC or
Diesel(Main) + BESS(P!
Real time UC
2l 2% A= { Ue @ ] [ Considering BESS ]
(A2 97 715 [ ES MH| + C{A 2ot ] [ SOC 2|5 H|of ]
Fig. 1. EMS$} MG-EMS¢] F £ - 5@ 1) 2l

14 2243 HEY HE

'15 7HtE HIE 7IE

|
]
o]

E Em
x 09 lo
0z

oA oA

K
i)

Fig. 2. 98 A¥] 74 (%)

i
oo
rot
i

& mANAE UA ARM] MG-EMSE
3 AEdold BAS Fatel Aot

E A BAe) meh Aw) T4, 29
el Sol Helin), @ EolAl vwshuAshs oty

A% AEs =98 volazazeel oA AR
ATE MAAAZ Az BE B4zl e ol
£ £ A o 15l o

RERSE i o5 St R AV
MG-EMS®] thd 54 s viehd Aolch. Fig 19 1}
& 7t g5 diste] A AMRES S

A AE v 4 54 bl

s A8 AFe A9 AA Fa 58 Hu
Jo] &S IA A3t st d7dsA
o T7} 2 Als At HASE R AlEo
ofslal ¥k Aujo] ont Xﬂﬂh 2]
| S-S g R
on/off @ = Aoj7} 7%% &4501 ”“’ Hl"%
A 3}7] wfioll vﬂ} o ¥] & &R 0431 7HA] Al
= A3 tﬂﬁ}cﬂl frdgk dix7F 7hssh

20143 -2yl AEAES ARy gy ud A
Hlo] v]Fo] 74 Aa1 o]ojA UAE, Heke| X, AlA)
A w5 BdY] 5 Ods TR AdujEe] Al
o] &9 Folth

stARE oA AP A Alse] rE7F 2hal
7oz HYEo] glom Ax| wkd Adu T Al
o] A s= HFo] Euh AlEY qrEyF Fow S
o] ®Wsglel nju A Wrksta AAA AP v]Fo] o
=99 WE 9A vy Asiry, E=g o] wAE gt
EE "R =7] "t oA A AlE HHAdES

o7 Sl 8 wfE e el 22 olux A A,

[o5

/\-]

II
rﬁl peiaflii)

£ ool rol

A
L of
2
2
2
L o
ey
1E o
Y
i

(R

[Hz]

60.6 I _~ | Diesel Only

60.4

60.2 -
60 |

59.8 \

59.6

T

Inverter with WTs, PVs

59.4

59.2

[Duration : 10min, interval: 0.2sec, Measured during 10th Dec., 2014]

59

1 301 601 901 1201 1501 1801 2101 2401 2701
Fig. 3. A% 7M& Als T35 (2014.12.10)

= BESS7} A=A o]t
BESSE F3lo] 21AjA) ol A] Wz 4?4% %

55 Atz A dYs S5 2
Ay 871 S7Vske Ad8ol ‘f‘“ﬁ Gl 01% WAs
£ %T;L?}Oi’%i oluA ztgAlel Ae 8 &+
ol 53ttt
Ul Hzx olyA Aol FAE dEtdE 7HAE
A9 AA b An] T A Yo n]Fo] oF
Xl?‘s}ﬂﬂ g Fo 5 9 dgHA AF

18t 3 MWh 8-5F¢] BESS7} A X503

al

il

B.AGC 7]

OatE AlsdA e Fal7F &8 ez Frkshd 14
SHE Fdete 257] Ao s Fubgo] Xl‘zm
shehg WHSHANE Alo)7])e] £Ex2AE B o9 6
Hz= 3| 5EA= g ol T h} 10%*8}—5—
95 EMSOIA @3, o]= AGC (22 LFC)o| 2|3
22k &5 52dolt} gt

nfo]g 2 =oflA] )&% BESS’} CVCF EE==
TGHE Aol w4l o WstE 28 Y 5
ol vl whE BESS7F B wgshy] wliel Fukart
dAstA FAHEE T3 wdgog HAHE oA w7
v AAA AL gl MAEAY FH o] oS Hs)
of G2 nld gstel| sAeke Wdgolw o] AS AE
g S gty a87] wiiel oA AFHAdlAl BESS
7} CVCFEER 43 A9-de AGC 7]s°] Has}t
RS =

g A 92 7] 7} main source® % ¥ 3 BESS7| PQ &
=9l me]a R e =9 Ag-olE AGC 7]%°] H57) of
HE‘r. A=t AEAE 9ol AGC 7|5 glo] +494

9t}

7}Ah4 49- 20143 12¥€ 109 10%7F A4S A%
TS A EWE AGC 7% §lolxm ¥
FAE = AS AH 5 5 Aot (Fig. 3).

C. Unit Commitment®] Z Q4

Ui AYAel BAE &Y BESSE £% T v
7E7F Bl wis ZRabiee] A 3 MWhA Li-ion®]
A% oF 309 flo] ek nrbe] Alolth. Tk FuA
SI7F oF 3-40003] 2 Algts] o] Q= & FHol #7] d



o a8 98 Tt gk A7)z &3 o 3t
t}. o]& $I8le M Msoﬂ/\i BESS¢] SOCE Alo] ¥
#e st 7)Fo] E44 o).

w2, B4 ela Wl gE AN A5 A

5 T3l BESS9 SOCE "g] dF3le] AleS s
™ BESSO| ™3t &4 #e]7} 7Fssith o= EMSell

A AHgskeE w1 7] 718X A (Unit Commitment, UC)
o] At 7ol &85 Fate] o]Fo] A 4 Uk A
o] r7F wwd =] wiEe] AAFZH  (Economic
Dispatch, ED) A4t 71¥ Rl An]e] On/Off 7]%57HA
Aikel 7hsgk UCE &8sk zlo] A3t AlEe 1
B7F Ao 45 ARE AAZE A ¢ 7] wiE
MG-EMS®l| A 9] UC 9A] AAzto 2 Axalslo] Absto gt
= 547“4 74]E %Oﬂc’ s g ot ok EMSe A *H’L

G-EMS©| 4 2] UCdll= BESSY] &

% -5—*301 s B 5 Aotz ol molselel o
™ ol 9 AFEARo] U] A T4 2
A% ©Q HAol A A A G

A7) A A 2
9% o %
ey s A adel WEel e
HeAE eleldt Qo] 2 ehdy] WES] ol & A
5 71 o] Bk

MG-EMS®ll A AHg-5= UC ALk 7S &-8317] 9
A= e Alsel o Hek e, S5 2uar A
of tigh AAE o5 HuIE Aasih o5 ghe J8A
& =ol7] #sk —ro}ak d=e] A5 AdEs 2= o
B g ASgh A Fekl i@ A, A 25
ok }vﬂ g o5 Al 2% dloE &8 oF s F
Aoz aefsto] Atk =9 A dde] P
=l 3 = AEE A7) fAsto] 71
#ahs A B9 F 2 FH dB {Gs ARgdTh o
A3 2 AREL AAo R YUolE B dn g

ol T8 Wl A4 skl igel Abssn

Bt ALABAE AG F FA5 APES F7
7] A% e AulEe] 75 Hol Yu AN 1
A $3 A% BLEH 2L AT gl we vA we
o) waso] Qo] ATl ity A B 2 At

WAT Bl St

g U A AEAL s

2

9l = /\éﬁ]g

jn o
N
S

o] ¥Ealn Yy vo|Aziee EAY AT A
T 4L A% vAE Gl 27) A 27

]
A

HAA B AL W] a3 o] vjg- Faah.
OﬂLﬂX] }3“ o 0474] 2k BESS7]- main source
2 953 931 CVCF =0l ALdE SoCc7t AE<

o

[._TNF

o1
= AAsh= %—&6& 7iee] gk wheF BESSO
SOC7} 0% =2 100%7} =W Alal @A) g&o] F7ts)

KEPCO Journal on Electric Power and Energy, Vol. 2, No. 1, March 2016

BESS

e —
Danger

SOC 100%

L
SOC_nx 7| &= —— S

Safety Zone

SOC_min 7| =

Warning

Danger

SOC 0%
Fig. 4. BESS®] socel w& AlE &+ 7|+

I AE 99 a&Ade] fadth ayuE AAL S
A= BESSS] SOCE Jlgom 94 WAS Blelub
=W o]& thA] &tk HAo] Hasitth

soc7t 4 gk olst= W 7bH Ao} 7hsgh Fsh
AH|ES off Al7]aL WA %—iﬂ]-‘;—% on AlI7|1AY &9
S7MAACE gtk vl socrF ¥4 gk B EolAw
Alo] 7453 To} AH]ES on Al 1741% =8 ST
T dbd AHES off A|AA SOCE w500} gt} Fig. 4
o} o] BESSS] SOC7} st 7= sfgt 7l WHe o]
el Qo Abar A SHEo] v bg ARl AlE w9
| 7Festthar st shAIRE Ve WHelE Hlojue
35 ARl A BHEo] SUERkThaL dhdshe] /\}13 WA

o

= 9ol Fasith 53] SOC7F 100% 52 0%l 7}
7hE Fhol SABESFE AT At 99 TS ES S
3}71 el SOC 3|Ee] g GA A5 &9 Wetol

Q3lt} oF2# SOCE Fig. 49] Safety ZoneS 2 3] 53k
015 W2 tHA] Warning &9 RE7F 54 sk Aol
AEHA] s Soce] 3I&E Tes AAste] ¢Yste
Zlo] E?-_rﬁ. O]V/}.

I AR 2P 7HAE A 9] MG-EMS &9 A}z

Aepde 7Rabmel] g® olvA e A
A A 5 719%7k AR AROR FHIYIL 3 MWh
o] t&% BESS7} CVCF =2 $171% ] main source™
¢ Folrh olgd AuES Ao 9 A= MG-
EMSO| = B =Ro] o] AHe BN @ s]5So] =
o7} vk o] FEom ATS 93 45
MG-EMSE E£3&le] AEo0 7 AES 993 A%= nu
gte] MG-EMS®] &¥%8 AHBEE st F 749
case= 48A|7F Zob olz]e] AE A J1AFIe] WY
At

oF 17A15-E X&A oz SOC7t fadtd wel £
Ape] ko g of 204 5E 3241744 12413k B¢t oA
HA 7|2 97 }oﬂt} SHAIRE oF 25A|F-E H-3fo| H]5}o
A 2

ol 74%]01] w2l SOC7F F7tskel &

=

I, O Mo

[¢]

117



Ha-Lim Lee ef al.: Functional Properties of Stand-alone Microgrid EMS Application

—load 1= Wind BE  ———PV =
(W) o) o)

400

I TANEEN I\

N ~_ J N\ A~ _ J N\
N7 N7 Lo

R ——— > N— > =

0 T T T

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46

Fig. 5. Case study A3 =71

mm Diesel (kW) A BIEKW) —S0C(%)

68 g
80% — /_ 400
60% ,/_\ / \ / 300

40% \—/ \ / 200

0% T -0

1357 91113151719 21 23 25 27 20 31 33 35 37 39 41 43 45 47[hour]
Fig. 6. Case 19l tigt Al &4 A3}

mm Diesel (kW) A BEKW) —S0C(%)

[soc] - Ik

100% 50
0% /\\ 400
60% // V\K 300

40% \/_\\ //_\ 200
0% 4= oy m 0

1357 91113151719 2123 25 27 28 31 33 35 37 39 41 43 45 47 [hour]
Fig. 7. Case 2] tigt Al 4 A3}

Table 1. Case study 23} &%
(A= 71 gA AFH]: 180 U/kW)
n | OAEEE | AR 212 A8 LIRS
T (kWh) (kWh) | =2 (kWh) )
Case | 750 1,885 3,940 165,900
Case 2 732 1,611 4,158 127,234
=7 118 1274 1218 138,666(5%)

Tkl gAd 7S FARE FAAF mheb oF 334
SOC7F 100%¢l =P3hgith. o] A3k o] 2 AAA A cq
oA W B ARe B wes Uzt Hel &

ARl o] o]FofA]X] kofrt. F AN L 165,900L

A3} oF 3449 BESS9 SOC7F 100%
gkl ffa} T Atk ol& Fab div] AAA
oS ‘3101 JJmobﬂ oA dArlE 2 A7
o} Algshs Fah, AAA =49
2 AAIZE UC Al 1° 3 An] &9 AlFo]
™ SOC7F 100%7F o] o] 5ol Aitx= A4 #
GHIEHA] a1l g&K oz 838 Flolt

B. Case 2: EMSZ 53 #5234

MG-EMSE g3l AEo2 oux giel <
Ag AHES Aol ¥ weld Ao Fig 79} 2k,
o AE £ A AEE AEE FAAEGE A
A AT Hse A BT #ES f4 F F Ak
3 el Case 19] vldte] H4E WL 5 35

%} 19 ]—rE1
A7E T4

R = o

118

AMAAY Abe A A= AEgggo] W S %
sto] o 7] wf&ol] Case 19 12A1%F Bt} &S 7A17F %
oF Ol MA7|E A3 e 294] o] % SOC7t 4
3 AS g d5ste] deE 3= 5235 F3 SOC
7F 100%°] Z=gsts RS WAL F dn g2
127,234910] g},

Case 137} ¥ 2 27A]4-H 30A]77}Xl soc7t wj$- &
et o] %o o S% -3t gy AAA E=Ho] o] o
ol Hegk gAl M) s S}Xl gkttt o2 <ls)
o] 30AIF-H 38A17kA] SOC7F &ebitom oF 38A]o %
100%°)] =23}#] ¢ro} RE AAA wAHS g8t

C. Case Study 23}

Case 17} Case 24 AFE H] ul s} 7‘3\:’46‘}‘?4_ Table 1
I} 2t} MG-EMSE &-83 23} tjAa 2-dsF 2 BESSY
TRl B Z-@“\O}oﬂo‘ﬂ A1 A Z* 4] o] g0l
Z7hete] AAAH SR oA A AuES aiH o
2 283 S g T 5 vk =S BHAvE GA
MG-EMSE AR&-3sE A} oF 5% skt ol Az
°F 1300%F ] d H]E A adE EAAFITE B
Case 101419} o] SOC7} 100%°] =gdh o] 5-E Ak

0{

HE A4 BARe WelK 21 vE $edo e
S8 19 A ) wEeg WA w2 4AA &
17} vebs

Iv. 242

olUX] AP 34 g uzd, i dgng A
7, 3 HE 5o olfF=E <lste]l A AAIAQD Ao
o]t oy AgAdddlE wlol A28 =8 EMSS
MG-EMS7} WA s adte) & =g A dite A%
o] EMS¢}o] H|WE Ea] MG-EMSo| 2o EA 9 7
sE°l tste] A sl
oy AEAlE =HE vwlolarRg|=e] 544
BESS7} dAA|=o] Qi A1AA el HFo] =t} o2
013t MG-EMSOl+ AGC 7]%5< BESS7F thAlste] <
_A

g}, ek 17t HH]O] BESSO| &&4¢ +9L ¢
sfo] A o5 7IMS e85k UC 74]4 71%‘3—% s
AAZE soC & ARE Artste] &3k E=I AfaL

= WA3}7] 95t AA7 =A SOCE e
J
= 11

28y,

s eto R debde shibee] P4 oluA g
of %N AWF MGEMSE A8 490l 0l case
studyZ A @3Stk MG-EMSE 283hs 49 ol %
galo madeln A $oo] sbsalrhe Ae &
218t}

REFERENCES

[1] F.P. Sioshansi, “Smart Grid - Integrating Renewable, Distributed,
& Efficient Energy”, Academic Press, 2011.

[2] M. G. Simoes, and F. A. Farret, “Renewable Energy Systems —
Design and Analysis with Induction Generators”, CRC Press, 2004.



KEPCO Journal on Electric Power and Energy, Vol. 2, No. 1, March 2016

[3] M. R. Patel, “Wind and Solar Power Systems — Design, Analysis, Press, 2009.
and Operation — Second Edition”, Taylor & Francis, 2005. [5] “AAAATA] 7|0 FEZ AJUAA| == 2 AFAA 7]
[4] A. Yazdani, and R. Iravani, “Voltage-Sourced Converters in Power M HFE HaA, shAAE AT, 2015.

Systems — Modeling, Control, and Applications”, WILEY/IEEE

119





