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g BExET a9 AE & 5 ook

Abstract  Recently, the proportion of renewable energy sources in Jeju Island has increased to
approximately 20% of the power generation capacity. However, power curtailment of renewable energy
sources frequently occurs. Many renewable energy sources are also waiting to be connected due to the
lack of power system infrastructure. To solve these problems, an investment in power system
infrastructure is required due to the enormous costs and long period of construction. Therefore, this
paper presents an operation method for VPL, which is virtual power line operation technology to manage
the power system. This is done by operating an ESS installed at the coupling point of a renewable energy
source and the last point of the primary feeder without expanding the power system infrastructure. We
also propose an economic evaluation method to perform a feasibility study of a VPL. The economic
evaluation method was modeled with cost and benefit factors. The cost factors consisted of construction
and operation costs. The benefit factors were composed of improvement of pricing of power curtailment
and the benefit of deferred investment in power system infrastructure. From the simulation results for
VPL models at the small, medium, and large scale, it was confirmed that the proper capacity of a VPL
can be more economical than the investment cost of the expansion of power system infrastructure in the
conventional method.

Keywords : VPL, Power Curtailment, Renewable Energy Source, Power Facility Infrastructure, Economic
Evaluation
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Fig. 1. Configuration of VPL
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Fig. 2. Distribution system model for hosting capacity
of small-scaled renewable energy sources
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Fig. 3. Distribution system model for hosting capacity
of medium-scaled renewable energy sources
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Fig. 4. Distribution system model for hosting capacity
of large-scaled renewable energy sources
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Where, Cgg : total construction cost of ESS for

VPL(won), Cpps - construction cost of PCS system
(won / kW), Qpes -

G, : construction cost of battery system (won /

capacity of PCS system(kW),
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kWh), @, :
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Where, C,

op . rate

* total operation cost(won), r,,
of operation and construction cost(%), r;, (i) :
inflation rate(%), i : economic evaluation year, n

! entire year
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Where, By : electrical pricing by improving

the power curtailment(won), £}, yy, : capacity of power

transaction(kWh), power trading unit

Usip
price(won/kWh), P, ., : power loss of line (%)
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Where, Bppc : price of REC(won/kWh), P; :

power generation of ¢ energy sources (kWh), m
. kind of renewable energy source, k; : weighting

factor of REC in renewable energy sources,
Ugrpce i+ price of REC(won/kWh)
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Where, B, : cost of carbon emission(won) in

target year, E,(t) ! carbon emission in time

interval(ton), 7: time interval in target year CER
: unit cost of CER in time interval(won/ton), &
: renewable energy power generation(ton), C, :
consumption rate of fuel(L/kWh), ., : carbon
i

0.842),

molecular weight of carbon dioxide(44), 4. :

conversion

A[COZ

emission coefficient(0.837),
coefficient of petroleum(

carbon atomic weight(12)
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X = CD/L ° LJ_)/L * ND/L+ CU/P * P (10)
span
X, = G = K (11)
Xy =Chyyp * Ly +Cqs * Sype (12)

Where, By (i) : deferred investment benefit in
power system infrastructure by scenario(won), i :
scenario (¢=1 : small-scaled, =2 : medium-scaled, =3
. large-scaled), m : the number of scenario, X
. construction cost(won) of distribution feeder

and udlity pole, Cp/; ' construction cost of

distribution feeder(won/km), Lp,; : the length of

distribution feeder(km), Np/; : the number of

line in a distribution feeder, C7;p : construction

cost of utility pole(won/km), P, : span of

utility pole(m), X, : construction cost of bank in

C;m, nk

substation(won/kW), construction of

main transformer(won/kW), %k : the number of

bank in substation, X; @ construction cost of

transmission line and substation(won), Cpy :

construction cost of transmission line(won/km),

L7y the length of transmission line(km), Cg/5

: construction cost of substation(won/kW), 5,

. type of substation

3.3 IR it
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T 7R, A S50l wE 713]H]8<1 AZHX| 7
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84F A (13)3 Zol, "9 7H]o] SIS 183
AA7HA] S o] 8sto] Bl-E E HOQAE FYUTH

A9 7= st BAdE B,

N\~ CF
Pngl] ity 13)

Where, PW : prevent worth cost(won), CF :
cash flow of i year(won), n: unit period of

year(20 years), d : discount rate(%)
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I E7MISELS 42 5.5(%)9F 3[%)2 APEee) E3L
71& AgAu|et VPL AR 284182 7489
2.5[%)2 A7g3lal, VPL-E& ESSS] PCSe} vl 2]e] wA
A= 7247} 2093 109 o= itk ghH, SMP
£ 'KPX9 AYBAFEAIAR A AAZE 20229 %=
B FH 250.74[¥/kWhlE #-E5ta, REC 832
56.48[¥/kWhl], VPL E3HE-2 VPL-& ESS AAH]&9
10[%)2 APgtet11]. =3t Mgdu] LA 240 &
2] H]-g 7= Table 29} o] A% $AA4Z, wjxg
HAA(4bank 718), FHYY], 1Y WAAE, AFE
ZZF 4,520,000 /kml, 23,000,000[31 €],
6,000,0000€1, 98,0004 Y/km], 97,500[%1Y/km]
o= Apgsict. ghH, VPLE ESS9| =82 U
Aol o]g-go ZABIY, Table 3% Zo] &t
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= 200MWI1/800[MWh] &30z APA3ict,

> o 0

mo o Mo ok

0:
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Table 1. Conditions of economic evaluation

parameters parameters
economic evaluation periodlyear] 20
discount rate[%] 5.5
inflation rate[%) 3
price of SMP[won/kWh] 250.74
price of REC[won/kWh] 56.48
operating cost of VPL[%] 2.5
life span of
PCSlyear] 20
life span of
10
batterylyear]
10% of construction
cost of VPL platform cost in ESS
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Table 2. Construction cost of each component

items costs
one circuit T/L [thousand won/km]
(XLPE 240mm’, underground) 4,520,000
distribution substation
[thousand won] 23,000,000
(4bank)
main transformer[thousand won]
(45/60 MVA) 6,000,000
one circuit primary feeder
[thousand won/km] 98,000
(ACSR 160mm?)
electric pole[thousand won/km] 97,500
B PCS[thousand won/kW] 90
battery[thousand won/kWh] 500

Table 3. Contents of VPL scenario

introduction |capacity of renewable| ESS of VPL capacity
scenario energy source (MW) (MW/MWh)
small-scale 3 3/12
medium- 30 30/120
scale
large-scale 200 200/800
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Fig. 5. ROI characteristics of small-scaled VPL model
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Fig. 6. ROI characteristics of medium-scaled VPL model

4.4 T2 AHEOILAX] SRS 7HH0f CHet
BHEE7t

37191 4.17800A AR AV B71EE g,

3& H71shE Fig. 73 ol yekd 4= 9)
9] Holg AgFag, AAYIIx]2] RECS-
EH 8902 " YA Aol 9Jgt HATE 1
3t 4<%, Fig. 79 A T me} Zo] ROIZ} 15.99 02
APgE] AAS R 4 e & 5 Aok SR
A n] ERA AR $A4Z, i HH A, v
HAA0] 1Y), 19t v AZ)of st Hel7kx] 11
S, Fig. 79| B 1o}l Zo] ROI= 4.8¥ 02 H7ly]

ol AAeE &l dET & U2 & 4 Utk

£
ol g,
2
—
=
=

18

16

14

12

1

ROI

0.8
0.6
04
02 4.8 15.9
; ,
o ¥ ¥
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

evaluation year

Fig. 7. ROI characteristics of large-scaled VPL model
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platform cost ROI(year)
rate . .
for ESS introduction |only benefit of | with deferred
construction model power investment
cost [%] curtailment benefit

small-scale 15.1 5.5

5 medium- 15.1 11.9
scale
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small-scale 15.9 6.1

10 medium- 15.9 12.6
scale

large-scale 15.9 4.8

small-scale 16.9 6.8

15 medium- 16.9 135
scale

large-scale 16.9 5.4

small-scale 17.7 7.4

20 medium 17.7 14.1
-scale

large-scale 17.7 6.1
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