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Simulation for Benefit—cost Analysis of Smart Grid Hub Project

Wonchang Hur * KwangSup Shin * Yongma Moon - Woo-Je Kim* + Woohyun Hwang

ABSTRACT

This study undertakes a simulation analysis for evaluating the benefits and costs of smart grid hub project. The
purpose of the study is to explore extensively the alternatives for infrastructure configurations and identify the best
scenarios that can satisfy all the stakeholder needs. We consider 19 parameters for configurating a smart grid hub
city, and take a strategy of exhaustive search to find configurations that meet the two criteria simultaneously: each
stakeholder’s B/C ratio should be equally distributed and the B/C ratio of the entire city should be maximized. The
results offer some meaningful implications for building a successful deployment strategy that can facilitate the
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diffusion of smart grid technologies.
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Table 1. Difference between smart grid test site and smart grid hub
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Table 2. Cost and benefit elements depending on stakeholders
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Table 3. Initial infrastructure composition depending on smart grid users

2 N - olael QA
T t"ri? = ?j\;h];] jirs ESS | EMS | AMI BV/ 1 ) | 87
7] | T A4
A 14,390 4,158.7 89.9% X X 0 X X X
Zl B 10 2.9 0.1% 0 0 0 X X X
C 1,600 462.4 *10% 0 0 0 0 X 0
ol A 235 3,433.3 97.9% X X 0 X X X
B 5 69.4 *2.1% 0 0 0 0 0 0
e 3,961 7,640.7 99.5% X X 0 X 0 X
A E@A 40 | 11,7642 *0.4% 0 0 0 0 o) 0
EB 1 294.0 0.05% X 0 0 X X X
LY A 6,331 4,438.0 99.0% X X 0 X X X
Al B 64 44.8 *1.0% 0 0 0 0 0 0
A 132 3,779.2 93.0% X X 0 X X X
AR B 1 598.7 0.7% 0 0 0 X X o)
C 9 5,388.2 #6.8% 0 0 0 0 0 0
WA 41 3889 97.6% X X 0 X X X
. 3B 1 259.8 2.4% 0 0 0 0 0 o]
oY ZAA 20 189.7 95.2% 0 0 0 0 0 0
7B 1 9.5 4.8% X 0 0 X X X
s alel7} 1 - | *s500t) 0 0 0 0 0 X
1A A7 A 1 - *2.0% 0 0 X X X 0
7 - - | 37,0982 - | 1715 1,717 | 39,805 | 1275 639 | 23.63%

Fgol =87t} strjete 1 qfRo| wpeba AufE e
T 71&9] =Yy maaph gebd 4= Qlrk whka] &
FETRE AL FAY £44E s WA =
Aol 4871 fET R s *Jﬂé}ﬂ, 7} 3ol
wjel F5E AnETE|E AH|9)
ok &2 oA B 2871 3 % zdzas
E, AN, AIGA, F8AIA, IEAIA

TEStL ZF 38 fEe] mEF ThA] A, B, C 5O2
otk ESE EAl] 5E 7]E9lZEtE AMI, ESS,
EMS, SHA(F4 9 &), AR Qv g 25t
itk Table 32 4=87} 6401] e et YL E
UrEMW Atk 7Hg 78 AT 87k AMITES =9

= 7R Aolul= uhd, A OiY As 94 7le

g 67k Qe YR AE B sk A0R 7MY
SRlE RO R QIt = 109hE 72 0R Slo] 428
7kl 9 GRS 1 ob&k

HENEDIR

=X

S

Table 32 ZA1d 241 AlgeoldE 913t shte ALt
g ool g AlmEA 2gH = 3o E 3
g_/’\_ =i} Zﬂi’ﬂ/\lﬂ]ﬁk(ﬂ] [q,a}/\i 0]—‘/}‘—4 7,1;(451\] = /\]‘/}_
2|7} Aoj=n] ofo] wt Table 20 A|A1H vl-g- 4
oJg}Eo] ARZHITE @4 Table 30] ¢JEl 7 Al B 0]

AL 2857 3t 27)7E0 g AR Aotk o] 27|zt
&t AvtETIR|E Ago] SEE AT} A1)
A dn) =elo] gofet A4 5 87 A 3 He
Q gogE ulgko g At =g Adulo| dis)A

= 87 AMIZL HgEl= 2108 7Pkl T
1/}“17\] AJAQ] x| ofH 27} 90| ulet tha s Al
A om, o] f39] Hlg&S Hsh= W oE FAA
B9 Alye| 7} AR EolA ?‘517;“,‘; FES N
Z BEEst 5o ARQA BEO] BRSOl EEkAAl
At 2 87F WA B WER] § R BAA
o] Agamu] Bl&2 Uehjglh nprate s 1o



B2 HlEolA *2 FAJE FE2 AlEdloldolA 1
P RIGERA FEOR ANES] s ghe] WEo] ols]
ARPE HoE ofg A WEA7=A] FH3EATh

i

Pl ot :(o

e

3.3 BA L2290 MY

ShA Argdl uiet o] AAld 24 Algdlolde A
A 871 fEER 345 HSAITIHEA oA
H HolY| Waks wAkehs Walow Nt f9d
7 HEEE AN Qlxer o] WiEE o] =A A
Aol E=QlEe 8a7]E S MEEw, 1o ket
2t ofsfAAe] Wl Hejo] i WMEHrh IHH
& 19709 =87 @l disf o=zt T4 s 5
Aoz MFA7A = Feidie] 77ke: 239 Alue]

S whso] ¥ 4= Qlek olo] & dtollA= 881
gEofol & <l 94 Ul HHE FHOE dAH o
HEd HeE Adgsiurie Bale Fsi3ich

A, 7P & o] FA7E 88 et AR
WHFEE 29 F Aeasgo] diuld vlg= 4
AL 71 ghE 2%l AlRkste] S7kA71 hAke 7
ket 2 st EA R AR Feoly 57t
718 dlell AAE 4= s AR A Y] s
ol ARt F3EQl 125% [112 AIRKSHA ¢fal
12.5%0114 100%7H2] HEste] 1 a3kE A5k

3t 71 W HEMS+ESSES fitof| tisiie= ok
o Ze AEFold ke Feilth A dETE B
5 16,00022 48kl o] F 7 C9 =2} 4
& 7 FEMIE 271k 10%E AAR 5 o] vl
S HEA7IE WAoo R B/IC W3S ARSIt BEMS
1A, S7dAlde] Bt thfit FPAId ] e
aegi YA = AL Tt AAAl

F 413 T BE Q=g a4t AR EE ARFY H|
&5 UEAHOEA BN AU LES =3I
A7) B 5f3o] 739 871 Btz 871 9t
Hof wt MEAoz 4ste] oF 1,500th~3,500tH 7}
A WEAIZAL 719 A 47l AR 10 1
715 Biste A0R 7PYSIYaL, 5471 JETE AR
& aEfste] A7)k 429 50%E ARk AR 7Hgs)
Ack. AX 9= Surdayt 29A] 5 digte YA
A}, FFAA, Bhal, ofufE Fofl 8 fuo] HHs}
of APdatelet. wpAjeto R JETL ARdtRE 500Tof
A AFRsto] REAIHT

SPA 713t Hie} o] 7} HSo| ’islo] wet B/CT}
PR W= olsARES, 1) 871 2) AAEEA]

ol of

ol

o
[

PSS

o o
o

ADETZ|E HYEA| FEAMUS| MY 24 AlZaold

4, 3) AR, 4) AR D A ol 287be] A9
spEEdo|2, AU, AupE 0] 7| T
U g 9 o Tas mEEth SYude Wt %
e oS Bl SYuido] w2 v ojsiukAiRtel BiICH
ShE 0} H33E S TAmR oo Ao ol
He A8 A Brhsste, At A el

) 2231 Fcka shjek AARO
2 yojujgh 241] @ sl rk wheha] & alio]
A= 2t o] Wl W BICe] wat deje] F55t
7, FFHORL BE ojsfAAY BCT 18 HES
sjo] wojo] TAR WL FES 29| Tt
2 Fohhx} stick ofe] Table 3] AAIEL 27kl
A Frste] Alapste] oF 2,0000] 7h Alubele.] B4
2 ) BiCo] Wake ATk

4, ZHd 2Nz

4.1 AR HISO| T2 B/CO| W5} | — wiHIZO)
=S
Table 41 T ALY MG o] AVARFI0} A
871e) MRS WBkA7IWA] ofshEAe) BICT} of
WA BisheA) s Aolck
WA TR AL AR o] Ao} A S
7he] MRS WEHAIZ A olSEAR] BICHE ofgA
WsH=A] A Rghh SolA] B ulel o] thfw Al
Age] wpo] Sofubw ghie] BIC7 Zasie v
HPAe] BICE 2715Hs 20 Uelie 53] e
AARE] 77} 29%7h B whae] 4lo] uhg- 27 b
BRIk g P 487kolA] AL W] Sel
8710) BICE mlAIsH whastc gl BICH A
5 & Zoz Zolsel, el BIC 94l s 37}
She e o 4 itk
A A AR AR o AR ek
Ag-g7ke] AR WAleel ke s s, ol
i wele] Wt o] ujet ofshEAR S ] BICH
CHE Qo sl % ok Fig. 190433 EA 4
WPt} gh 9 AR e BIC sk o) S
91z sk AR Lehha olk aofshe mE ol
AR BIC7 gl ke 1) chesk A w7
2 Z7MIA A WA BICE 2l 2) A
8710) wig Sl el ofs) 7 we] BCE
28], 3) ofu} AR4E7ke) BICTE ALAA SHsHA

ok wolyix|a Astslol she Aoa AAE 2= 9k

He4d mMas 20153 122 EEED



Qi
10
o
>
Il

oz

Ao

0

=1
N

40

=

ofok

40

|'0|

Table 4. B/C ratio depending on smart renewable capacity
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2.0% 12.5% 7.4% 1.069 0.811 0.337 1.333 1.098
1.0% 20.0% 9.7% 1.037 0.419 2.987 1.353 1.127
1.5% 20.0% 10.2% 1.037 0.618 1.901 1.353 1.110
2.0% 20.0% 10.7% 1.037 0.811 0.815 1.353 1.093
1.0% 30.0% 14.0% 1.003 0.419 3.625 1.376 1.118
1.5% 30.0% 14.5% 1.003 0.618 2.539 1.376 1.103
2.0% 30.0% 15.0% 1.003 0.811 1.453 1.376 1.088
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Fig. 1. Stakeholders B/C ratio depending on smart renewable capacity
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Table 5. B/C ratio depending on investment levels (large-scale SR 2%, individual customers SR 30%)
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A7) 214 2747 ARAY A4 287} A7 B 2 B (;;g];ﬂ A
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1,595 638 20.6% 1.0% 30% 1.264 0.607 0.439 0.896 1.083
1,915 638 21.5% 1.0% 50% 1.255 0.607 0.860 0.709 1.007
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1,695 716 23.8% 2.0% 30% 0.935 0.819 1.617 0.924 0.940
2,015 716 24.4% 2.0% 50% 0.946 0.819 2.038 0.752 0.905
Table 6. B/C ratio depending on EV investment (Customer investment — large-scale 2.5%, small-scale 30%)
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Fig. 2. Exploration of optimal investment scenarios
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