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Abstract Recently, the demonstration projects on an MVDC distribution system have been actively
carried out to apply *35kV MVDC to the existing AC distribution system to overcome the grid
connection delay issue of renewable energy sources in Korea. However, because the DC distribution
system may be expected to be more expensive than AC distribution system due to the high cost
equipments such as inverter, converter and DC breakers, a research is required on the introduction of
MVDC distribution systems in terms of economic aspects. Therefore, this paper presents the introduction
types of distribution system by scenario based on the capacity of PV system and the feeder length in
the MVDC demonstration distribution system, and proposes an economic evaluation modeling to criteria
the feasibility of MVDC distribution system. Where, the economic evaluation modeling is classified by
cost and benefit factors. The cost factors consist of construction and operation costs of the AC and DC
distribution systems. And also, the benefit factors are composed of power loss reduction in AC and DC
distribution systems, and electrical pricing, REC pricing, carbon emission pricing based on the capacity
of PV systems. From the simulation results based on the proposed economic evaluation modeling using
CPI(cost performance index) and the present worth method, it is confirmed that hybrid AC/DC
distribution system is the most economical and feasible regardless of the introduction capacity in PV
system.
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Where, C,. : total construction cost(won) in AC
distribution system, C,,;; /7 @ construction cost

in underground cable(km), I,/ : the length in

underground cabletkm), C,,;.p/r * construction
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Where, Cp : total construction cost(won) in DC
distribution system, Cj;,, : total construction cost
(won) in MVDC station, C,,; r/s : construction
cost in inverter(won/MW), P75 : inverter rated(MW),
Ciunit, ¢/5 * construction cost in converter(won/MW),
P c/s Cfeed

construction cost in DC distribution feeder(won),

converter rated (MW), total

Cf,l,b,;t,D/L . construction cost in primary feeder
(won/km), 1
the number of line in primary feeder,
cost in DC breakers (won/EA), k : the

of DC breakers, C,

u

. the length in primary feeder (km),
Np/p -
Ceop -
number

nit,conductor

construction cost in single feeder (won/km)
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Where, . total operation cost(won) in
economic evaluation year, £, :

rate of operation and construction cost(%)
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Where, B),,, : benefit of power loss reduction in
primary feeder(won), Cp,, 4c(y) : power loss cost
in the existing AC distribution system(won),
Cioss.pc(y) © power loss cost in DC distribution
system(won), Cl,.. (1) power loss cost in
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Where, B,y - electrical pricing by improving
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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,

Uppe i - price of REC(won/MWh)
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Where, B, @ cost of carbon emission(won) in

Ecoz

target year, (t) : carbon emission in time

interval(ton), 7 : time interval in target year,

CER : unit cost of CER in time interval(won/ton),

Ry, - renewable energy power generation(kWh),
G, t consumption rate of fuel(L/kWh), £, :
carbon emission coefficient(0.837), F;

conversion coefficient of petroleum(0.842), M,
. molecular weight of carbon dioxide(44), 4. :
carbon atomic weight(12)
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Where, PW : prevent worth cost(won), CF :
cash flow of i year(won), m: unit period of

year(20 years), d : discount rate(%)

3.4 CPl(cost performance index) LW7tX|HE
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Where, CPI Odﬁl(l ) : CPI by introduction model
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Pt olo] W ol wE FYst glow *OWC*E} +

9] A

831 91
o] Lpehdl 4

Ale] ¥ CPI H7IX|#+= Table 49 &
At o371A, A= g7l 13[km]<

o‘l“,

st i7]'7<4°§ AAEE HEFFHAYY S 30[MW] AC ¥R ®d(Case 1)9] CPI= AC/DC sfolEE|=
e} 60IMWIE L3I, A= 342 13~29[km] HjAY 29 (Case )3 MVDC HiAY 2&(Case 1IDE
= "o}@?}‘:}. o} ZA 4P E| o], Case I°] 7V BARLE & 4 A
gt A2 F7o] 14[km] o)<l ¢, Case 119 CPI7}
Table 1. Simulation conditions Case [9] CPIET} ZotA|, Case 117} 7P HAAZ LS
& % 9.
items parameters
economic evalution periodlyear] 20
inflation ratel% 3 Table 4. CPI characteristics by introduction model
- with the feeder length(30[MW1])
discount rate[%] 5.5
rate of operation cost[%] 2.5 f:zdtelll' Case I Case 11 Case TII
loss rate of distribution feeder AC 0.31 [ki] [CPI] [CPI] [CPI]
[%/km] D )
— c 0.065 13 1.00 1.03 1.44
pr%cTng of SMP[won/kWh] 196.465 14 - 0.99 136
pricing of REC[won/kWh] 56.48 5 .00 0.96 1.29
16 1.00 0.93 1.22
Table 2. Construction cost of power facility 17 1.00 0.90 1.17
18 1.00 0.88 1.12
tems costs 19 1.00 085 1.07
overhead primary feeder 20 1.00 0.85 1.03
[thousand won/km] 245,700
(ACSR 240 mmz) 21 1.00 0.83 1.00
. 22 1.00 0.81 0.96
single feeder
[thousand won/km] 38,000 23 1.00 0.80 0.93
(ACSR 240 mm’) 2% 1.00 0.78 0.91
underground primary feeder
[thousand won/km] 3,281,382 = 100 077 088
(CNCV-W-600 mm?) 26 1.00 0.76 0.86
inverter 27 1.00 0.75 0.84
[thousand won/MW] 200,000 28 1.00 0.74 0.82
converter 29 1.00 0.73 0.80
[thousand won/MW] 100,000
DC break [thousand won/EA] 228,000
4.2.2 EHUETIR0| 60[MW] SHE A2
Table 3. Concept of introduction scenario A3719] 4.1804 A AlEH el 2AS HiEgo
—— = Rl 60V FE =UEs 39, olF
introduction introduction new PV Q= X ] __
scenario model system[MW] le[git]h 7’9_01'7] ‘I’]o} ]L]-E]Q% CPI 07]';(]:}3"_1__ Table 59—}'
— _ 2ol g 4 Aok o714, BE Mz 3] thatod,
ase
olHZI T ujjAul wg) [¢) L
Case II AC/DC 30, 60 13~29 AC/DC sto]HE|E g 2d(Case 19| CPL= AC
Case 111 MVDC wj Y 2@ (Case DI MVDC #i% 2 (Case 112

4.2 £35kvg@ MVDC &EHIHEC| AXEE7t

4.2.1 EjLETRO0| 30[MW] B4
3719 418014 AAIRE Algdeld £4E v
712 =" 49, °l

£ HggHdo] 30MW]

d|
=21

o
| Z9

e

4 lo

510

CPIHET} &A A4 E]o], Case 117} 7P AARYS &
= i} &3 A= FAo] 13[kmlQl B$-, Case 19
CPI= Case I119] CPIETH ZoH, A2 F4o] 14[km]

£ 2I8M= %, Case 1119] CPI= Case 19] CPIRE}
A AHRES & 5 ok

“owa
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Table 5. CPI characteristics by introduction model
with the feeder length(60[MW]I)

f:[el:teli Case | Case II Case III

[CPI] [CPI] [CPI]
[km]
13 1.00 0.49 1.05
14 1.00 0.47 0.99
15 1.00 0.45 0.95
16 1.00 0.43 0.91
17 1.00 0.42 0.87
18 1.00 0.41 0.84
19 1.00 0.40 0.81
20 1.00 0.39 0.79
21 1.00 0.38 0.76
22 1.00 0.37 0.74
23 1.00 0.37 0.72
24 1.00 0.36 0.71
25 1.00 0.35 0.69
26 1.00 0.35 0.67
27 1.00 0.35 0.66
28 1.00 0.34 0.65
29 1.00 0.33 0.64

423 2N

4719 e

2 295 A9 diste, A= 34
3 wjAe] £Hle 9 CPl E43S YeRE Fig. 59 2
t}. oJ7]A, Fig. 5(a)= 30IMW]Q] BjFgado] 4=

490 =9IH]E, Fig. 5(b)= CPI S48 Uehdch HA,
A2 FAo] 13[kml olsiQl A%, AC HidY Ednde
AC/DC sfolEgE v Rdla} MVDC i ek
o AAFolAR, A= Fgo] 13kmlE oY,
AC/DC stolBe|E ajdd &) mdlo] 7|&9] AC v
DdR AR o gdido] Qe & 4= itk XL A
2 33| 21kmlE &2Fsh= F-% MVDC Hi1dT &Y
Ldo] AC #i A% &dof Bjs) & AAFAS & 4= Slch

SHH, 60IMW]9] g o] 712 =dH %ol
oo}, A2 S HFFOR AU HiHTe &
YPulg 9 CPI E4< YEHY Fig 63 2tk WA,
Fig. 6(a)= 60IMWI]S] gl S4E 399 &
YJHl-E, Fig. 6(b)= CPI £ Uetdtt. of7]A, A=
374°] 13lkm] o[’ ¢, AC/DC sto|EzE vjAd
T Q] Hdlo] AC Wi @3 MVDC HiHg g
Hoh AAFAE & & Slok. T3, AR FAo] 14[kml]
£ 2I5te 49, MVDC #id% =9 2o AC HiA
o mdEt FAHoR ol = & 5 Aok
2Al, 4719 AA H7HETel ostH, SgEEdy
=9 2ot AFglo]l AC/DC dlolBeE wiAY =Y
Ldo] 7P AAFULE & ¢ Ut

Ta=

Heo2, 300MWIe] EjeRgige] %71
3L Vo Al

511

80,000,000 — —
T 70,000,000
]
2 60,000,000
o 60,000,
2
£ 50,000,000
: 0 P e
& 40,000,000 5
o (==
9 30000000 ¥
o]
3
O 20,000,000 e
- %= AC distribution system
10,000,000 ©— ; hybrid AC/DC distribution system
= : MVDC distribution system
0 L L
1314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
feeder length [km]
(a) total cost
1.60 — —
*----: AC distribution system
140 ©— : hybrid AC/DC distribution system
e - : MVDC distribution system
1.20
1.00 =
Y 080 *M
0.60
0.40
0.20 L L
1B 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

feeder length [km]
(b) CPI

Fig. 5. Cost and benefit characteristics by introduction
model with 30[MW] PV system
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+ 200,000,000 _* RS
9 P ey TR Y
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= 150,000,000 ¥
]
2
100,000,000 M
-— AC distribution system
50,000,000 L] hybrid AC/DC distribution system
MVDC distribution system
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feeder length [km]
(a) total cost
120 %= : AC distribution system
- @— : hybrid AC/DC distribution system
w— : MVDC distribution system
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e
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Fig. 6. Cost and benefit characteristics by introduction
model with 60[MW] PV system
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6. A&

2 =2ol4= MVDC Hige] =do digt eg4d

< B7ks7] flste], MVDC A5HAdE-S vfgo s &

FFHYY] AASHT AR FFL 1T AuE e

27 w4 =9 ZES AASL, ol 7IHke s A

387t HdgE i) ofo] digt 2 ATARE
[ofshd ot Zt.

(1) 30IMW19] HFZHHo] 72 =d" H9
i5le], A= F4o] 13[km] ©15F21 A2 AC Hi
A mdo] 71 AAFo|Aul, Az FAo]
13[km]E Z35H= 3¢, AC/DC sto]EE| = uj
Ay dlo] 714 AAHYLS & 5 AL, A=
30| 21lkmlE &3st= 3%, MVDC 8%
dlo] AC viAY mdlof v]g) o FAGIS &
= 99Tt

(2) 60IMW19] HlFFHYo] 3712 =9E F% &
E AR Z&0| sl AC/DC sto]EE HiA
o zdlo] 7B AAAHAS & S A%, AR F
o] 14[km]E Zz3toke 4%, MVDC HiA% &
dlo] AC iy mEHT} FAEAE & 5= Ak

(3) 2 =Rl AR AU e 27 el = =
4o vigtoz JA7ER|gAET CPl BV ES
olgste] FAEE Hrist A3l B =RojA AA|
St AAAE7E 2ol -84 BRIE 4= Qi

(4) o= A714 Yaa9lS 1=t MVDC BiA
o] oMYA W7t AFE ko] Tt AluE]
Q2 9 DoAY AAE =& Yt AA-Y
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