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A Feasibility Study on DC Microgrids Considering Energy Efficiency
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Abstract - More than 80% of electric loads need DC electricity rather than AC at the moment. If DC power could be
supplied directly to the terminal loads, power conversion stages including rectifiers, converters, and power adapters can
be reduced or simplified. Therefore, DC microgrids may be able to improve energy efficiency of power distribution
systems. In addition, DC microgrids can increase the penetration level of renewable energy resources because many
renewable energy resources such as solar photovoltaic(PV) generators, fuel cells, and batteries generate electric power in
the form of DC power. The integration of the DC generators to AC electric power systems requires the power
conversion circuits that may cause additional energy loss. This paper discusses the capability and feasibility of DC
microgrids with regard to energy efficiency analysis through detailed dynamic simulation of DC and AC microgrids. The
dynamic simulation models of DC and AC microgrids based on the Microgrid Test System in KEPCO Research Institute
are described in detail. Through simulation studies on various conditions, this paper compares the energy efficiency and

advantages of DC and AC microgrids.

Key Words : DC microgrids, DC distribution system, Energy efficiency, Photovoltaic, Battery, Converter efficiency
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Table 1 Distribution line data
= 2&(m) | R(Q/Kkm) | X(R/km)
STS-ACB1 10 0.0996 0.0830
STS-ACB2 10 0.0996 0.0890
M2 H-Pvi 10 1.7100 0.0994
N2 H-PV2 10 3.0100 0.1040
N2 H-PV3 230 0.6270 0.0925
e 2 M -Battery 10 0.4760 0.0941
NeL2H-MGT 230 0.4760 0.0941
Met2H-Load bank 50 0.4760 0.0941
M2 H-Load bank2 50 0.4760 0.0941
Hg24-Smart Home 50 0.3970 0.0922
M2 H-gV 70 0.1920 0.0911
MEL2H-NTAIES 30~120 0.4760 0.0941
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o A5 Avel dee Bday de Aew AAsdrh
AEHA7IEe] oz Q3] wixdudelAe] WY
o] g0l 97%°l ol2= Aow dHA Juh. AHH3LI| &
< AC/DC, DC/AC, DC/DC, AC/AC & theFst d=wst
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A71 DC vlolAR @] =7F AC vlo]AR 1 Gl
Aoz 200% Mt FFe T
g 4 glrh olo] wla Fa 3
DCet ACel Aews &

1% QoA Zol7t drhe AS & + 3
AFH I DC AC EF A
96797% ol HEE AYWHIrE 2ds]

o

4.1 Case 1: DCE3l vs AC £3t (50:50)

Case 1914 += DC F-3te} AC H-3kel F+AH]7F 50:50¢1
A duA E28&S AES AL Zone AT F3H200kW)
o dial 22 EAEYL®PVI 30kW, PV2 10kW)o] A E
AEolH Zone B H-3H150kW)el B2 HEo] EAAY
(F 140kW)ell A &S e X0t

Case 19 W3 DC % AC vlolaz2az]=¢] 7} Zone®
W, A AE, A8EA, 2 dyA 58, 183 "A 6
UAl &5 % 20 YeAT dEEAe A2 9 ddE
WEL7)o A WAy shH 31 3o A 5ol YER AT

DC wlolazag|=e] A A2EH(C2)0] Zone AdlA
= 3.90kW, Zone BelA = 844kW7} #Astd o AC v}
olmaz# =2 49 Zone AdlA = 2.40kW, Zone BollA =
495kW7F L ASETE. & DC vlo]aARZ 18| =9] AREAH ]
F 12.343kW, AC vlolmagagl=e AgRE2o] & 7.35kW
2 DC wfolaRag =9 MAREH] F5 1 & 9l
1ol AC vwlola R =e] Ag 22 dEs A
o glo] 349 MAARE EIl=2E 7 Fe A
1/3& F#3AW DC wol a2 1= 79 2709 wjd A
25 ol§tnzE 7} dR2AA HA HHY 1/24 D=

il

>
@)
=)
o
[y
fr
H
i)
[
=2
=
:‘.":’,
=
)
2
[t
lo
=
fu
il
o
oo
o\ o
fru
_5E .

7 .

ANEGelAE BT L2 dYgwsEAe DCY 45
Zone A4 10.81kW, Zone BolAl 9.39kW7} 242%™ AC
o] 79 Zone A°lA TATKkW, Zone BollAl 13.23kWe]
gol] aAHr. WA F dEWsEAde DC nfo]l AR 1
=9 A9 2020kW, AC wlolazagl=9] A5 20.7kW=
ARET kW &9 olgte] Aol WIS FES
96% = AASAAT FHAEH A 54 1% ol
Al S oA wio] Al B 4 glema AC
ol ael=et DC rlojazae]=e] HHWHIEES 7
o Zoa & F gk ol& ACHate DCH-3ke] 4ol
50:50017] WiFEo2 AC whelamag=eoA e DC ¥-3=
ojgdd w HAYW

S

ol AC vlolaz g
=9} DC vlolawae=e] dEWaEdo) B Roju.

ol =] E&2 Zone AlA 93.05%, Zone BellAl 89.07%, L
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g wg 4 dR2olAe &4A(C+D)9F ZA Hok ¥k AC
nto]lA 218 =E Zone A4 95.30%, Zone Bell A4 88.89%,
a8l AC wpolzz2agl= AA A 9249% =2 dZE At
= ACH-3e} DCH-317F 50:50891 4% AC vlo]a 21| =9
A & 2w 0 TS & F ALk ol AC vlo]z
2agl=el DC vwlolaZ s BT HAEWskEAo] A
2o g d2EAA DC wlola2 g =7t A vEL
o] wEol ok,

Zone ¥ Z AW HW Zone ART= Zone BollA DC wjo]
AZag =g oA E&o] AuiFer MHEs & F 3
t}. Zone BE ElFE wlEE], wlo]aZEW St} DC
Aol lom Fal 150kWel RS DC AYaA F5
37] wjitel] MEWskEAo] HA dAygth jhdC AC v
oAz =o)X DC A4 DC H3toll dEs 3+
371 flsiA= DC/AC WM E ¢ AC/DC AW E7E H .3}t
th F, Ha 29 ol el AWl o Fasty] uiitol
AC vlolzRag]=oA DC AY7 DC F3F Akoleo ¥
AE Aol U A &&o] volxltt, webx 7hsd @2 DC

sk = & TR
il

Ra7h EAse Role e FEE DC ALNN FR
= P24 DC vhel Az el =sk B3t dlet ol 3
He The Case 29 AE WH 0% AR AT

E 2 DC ¥ AC oto|azaz|=e &2 HolE (Case 1)
Table 2 Energy efficiency of DC and AC microgrid (Case 1)

_ DC microgrid AC microgrid
&g 5 =
Zone A| Zone B| Zone A| Zone B
EEEISE]
(A=A1+A2) kW | 211.71] 163.17| 210.01| 163.65
HE BSHH(AL) | kW | 171.40 19.99| 169.70 20.65
g‘%%%fim KW| 4031 143.18] 40.31| 143.00

SoOIEAHIMA(B) | kW | 197.00] 145.34] 200.14| 145.47
(E=CO EE) kW 14.71| 17.83 9.87| 18.18
A

HHHSEN(C1) | KW 10.81 9.39 7.47  13.23

HEELH(C2) kW 3.90 8.44 2.40 4.95

= 2(B/A*100) % 93.05] 89.07] 95.30] 88.89
Zone A, B &Ml 8| % 91.32 92.49

E: 3 DC ojo|azae|Ee| Mz st&Al (Case 1)
Table 3 Energy conversion loss of DC microgrid (Case 1)

_ Pin Pout loss 28

Zonel EHEES | vt | vl | [kw [%]
AC/DC_A | 171.40] 165.50 590] 9656
| PVI_DC/OC| 3027|2925 1.02]  96.63
PV2_DC/DC | 10.04]  9.65| 039] 96.09
N-1 DC/AC | 103.60] 100.10]  3.50| 96.62
AC/DC_B 19.99]  19.31 0.68| 96.60

PV3_DC/DC 30.27 29.30 0.97 96.80
B | BAT_DC/DC 49.99 47.96 2.03 95.94
MGT_DC/AC 62.92 60.42 2.50 96.03
SH_DC/AC 78.47 75.26 3.21 95.91




ix 4 AC ojo|az2ael=e| M E&A (Case 1)
Table 4 Energy conversion loss of AC microgrid (Case 1

_ Pin Pout loss k=3=3
EL I
Zone| dgHEHH [KW] [KW] [KW] (%]

PV1_AC/DC 29.20 28.25 0.95 96.75

PV1_DC/DC 30.27 29.28 0.99 96.74

A PV2_AC/DC 9.60 9.30 0.30 96.93
PV2_DC/DC 10.056 9.76 0.29 97.15
N-1_AC/DC 104.95| 100.00 4.95 95.28

PV3_AC/DC 29.29 28.34 0.95 96.76

PV3_DC/DC 30.27 29.29 0.98 96.76

BAT_AC/DC 47.95 46.42 1.53 96.81

B | BAT_DC/DC 49.99 47.95 2.04 95.92

MGT_AC/DC 60.48 58.70 1.78 97.06

MGT_DC/AC 62.74 60.48 2.26 96.40

SH_AC/DC 78.70 75.01 3.69 95.31

S 5 DC 2 AC olo|mzaz|=e| M&&4l (Case 1)
Table 5 Line loss of DC and AC microgrid (Case 1)

DC Oi0lA=21elE | AC Dolaz1else
zone | ASH=E Fs A W] T2 Al W]

STS 206.10 209.3

\ PV 179.40 116.6
PV2 34.72 62.07

N-1 3481.00 2.013.00

STS 444 31515

PV3 1393.00 911.0

B BAT 134.50 80.51
MGT 4931.00 2.522.00

SH 1982.00 1,401.00

4.2 Case 2: DCE3l vs AC £3} (100:0)

Case 2914+ DC H-3tek AC H3+9] A9 7F 100%:0%
ol %9 duyx E&S HAESAT. ZF Zoneo A, A7)
A8, A8e4d 2 oyx ag, agla AA dux 5&S
E 6ol YEhAT AEsde Az 2 Ao
Aoz sy &48 9] & 7oA 9ol YEFSATE

DC wlolmzagl=e AL MZE2o] Zone AdAE
427kW, Zone BollA = 868kW7t wHAel gl o AC wlol=
2ad=9 A$ Zone A= 2.86kW, Zone BolA=
ATTkW7F AT & DC vholaz g =e] AzEso]
F 12.95kW, AC vlolaz gz Az£ao] & 7.63kW
2 Case 19 499 L3/ DC rlolaz gz A2E

5

AEHIAS T3 I HAYRHIELLE DC AY
Zone A°lA 7.41kW, Zone BelA 6.31kW7} 245%™ AC9|
A9+ Zone A°lA 10.94kW, Zone BollA 1538kwel A&
o] 2dd Wl F HYWMEAELLE DC vlolazag =
o] A9 1372kW, AC wnlolazag|=9] #H$ 26.32kW=E
2REo] DC wlolmzaa=e] APWM3 &Aoo AC nfol
Azag=d " A FEUTE o= DCH3eF ACH
3kl A o] 100:0017] W oz AC mlolaR g =
DC 3% o8 w AgyadEdo] A& DC vlo]
Az EdA = DC §-31E AFES o= dEng &4

ol TAsA 7] wiEoltt

olixl 2224& S8 DC oto|a2az|=9 EHEM ZHE

Trans. KIEE. Vol. 60, No. 9, SEP, 2011
ool Al AHE AHEH 93] DC rlo]aZagl=9
AUA &L Zone A°lA 94.32%, Zone BelA 91.06%, %
A U E&e 0286%2 HRHUG. WE AC vlolAm
8=+ Zone A°lA 9355%, Zone Bl A 88.23%, ~1¥] il
HAANA 91.19%% #ZEHUA. F DCH-3tet ACH-3817}
100:0%1 A% DC wlolaR =9 ofuA] E&°] 4 F&
o Gtk Eg DC mlolazad=s A2 AEREA,
sle] &4 oF 1 ¥ DC ¥37F 8438k
= DC AYE EA e YA

tlo

E: 6 DC ¥ AC otoj|zzaz2|=e &2 HolE (Case 2)
Table 6 Energy efficiency of DC and AC microgrid (Case 6)

_ DC microgrid AC microgrid
& 5 =t
Zone A| Zone B| Zone A| Zone B
s3=8Y
(A=AT+A2) kW | 205.82 | 167.69 | 214.01 | 171.25
HE s= 8 (A1) | KW | 165.50 | 24,55 | 173.70 | 28.09
FAERA
S F=(A2) kKW | 40.32 | 143.14 | 40.31 | 143.16
EolEAHI™E(B) | kKW | 194.14 | 152.70 | 200.21 | 151.10
MHESE4A
(C=C1+C2) kW| 11.68 | 14.99 | 13.80 | 20.15
MSBEEAM(C1) | kKW | 7.41 6.31 10.94 | 15.38
HE2=4(C2) kW | 4.27 8.68 2.86 4.77
S E(B/A+100) % | 94.32 | 91.06 | 93.55 | 88.23
Zone A, B Ml 28| % 92.86 91.19

E: 7 DC ojo|azae|Ee| Mz st&4Al (Case 2)
Table 7 Energy conversion loss of DC microgrid (Case 2)

i 24t L Pin Pout loss S8
zonel AMEEE |y |l | [kw) [%]
AC/DC_A 165.50 159.50 6.00 96.37
A PV1_DC/DC 30.27 29.25 1.02 96.63
pPv2_DC/DC 10.05 9.66 0.39 96.11
N-1 DC/AC - - - | S&otat
AC/DC_B 24.55 23.62 0.93 96.21
PV3_DC/DC 30.27 29.27 1.00 96.70
B BAT_DC/DC 49.99 48.04 1.95 96.10
MGT_DC/AC 62.88 60.45 2.43 6.13
SH_DC/AC - - - | S&ors
E: 8 AC ololzz2ae|Ee| M EEA (Case 2)
Table 8 Energy conversion loss of AC microgrid (Case 2)
o4t =L C Pin Pout loss g8
cone EEEEE |t | onw) | tkwl | (%]
PVi1_AC/DC 29.29 28.33 0.96| 96.72
PV1_DC/DC 30.27 29.29 0.98| 96.76
A PV2_AC/DC 9.62 9.23 0.39| 95.95
pPV2_DC/DC 10.04 9.62 0.42| 95.80
N-1_AC/DC 208.40 200.21 8.19| 96.07
PV3_AC/DC 29.29 28.34 0.95| 96.76
PV3_DC/DC 30.27 29.29 0.98| 96.76
BAT_AC/DC 47.98 46.38 1.60| 96.67
B BAT_DC/DC 49.99 47.98 2.01| 95.98
MGT_AC/DC 60.37 58.26 2.11| 96.50
MGT_DC/AC 62.90 60.37 2.53| 95.98
SH_AC/DC 156.30 151.10 5.20| 96.67
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HM71&s =2 60 9% 20114 9

E: 9 DC ¥ AC ojo|zzael=e M&&A (Case 2)
Table 9 Line loss of DC and AC microgrid (Case 2)

c c

STS 192.2 258

A PV1 180.8 124.1
Pv2 35.7 63.54

N-1 3,861.00 2,411.00

STS 9.196 22.91

PV3 1,391.00 9383.1

B BAT 134.3 85.4
MGT 4,912.00 2,462.00

SH 2,235.00 1,268.00

6.2 B

o] el Al DC wlolazag =9 g4 HEE $8) DC
vlelmz gz} AC vwlolaZ =9 Simulink 7]4He]
FARAS o] &3t oYz a&S e Hkth wjol
azag=e oux F&e WgrIed, Azed Ay
FEA g AV S A 5 A

AR, AC mfolaZ g =0 H]3] DC vlo]aAR 1T =9
A, ARELo] S #EE £ A o AC vl

Ara=el A 33 MAARE olgstd dHE A
F3l=d wE] DC vlolaz gt 279 AZE o
o 2 AV AEE AF3y] witel 7 AR =
% 7] 2 AR EHo] Frhgth wrekA DC wf
2ag=e AA Aoe Aol e wHAARE ALE

Ao AskeEs =oAM AR AVE Eele

¢
i
lo
[

Mae] xg9 Aol Wl ACUA DCIA, F3k7h AC
97 DCYA ol Wk et AL & 5 Ak & w2
k-
=3

2ad e AC Fsh7b &2 5ol
%

£ o]&stal AC AdolA HA™s =
& FUAA o]5d Fleolth sty DC ALeld AC
stell d"e THs7] fsiA= DC/AC dgyFto] Hx
g dAeld dasty] wEelth w2 DC Fehrt g2 4
o= DC mlolazae|=5 o]§ste] DC HAEIYE, o
244, vWigeE) &2 vler] Fydez Fdsts AC dd
(F9, vfolazgiheziy A4S Tt Aol Fes
th 2 ol whTMAIE AC WA DC F-afell dEs
i I A ]

FHa7] $lsiAE AC/DC AW e]
5

8.3}7] woltt

dAAel wiAAAELe DC wlolaRa =S HE37]d
FEs FFoR Wgetn ok AABNYA ALE o] &
3 wlolag =, ~vtE WY 5 ARFAGH L Uy E
AL HAA~d 5 DC vwlolazazl=g H&T F
J= HAHo ygoz wATh
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