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Abstract Technologies for an MVDC(medium voltage direct current) distribution system are being
considered as an effective alternative to overcome the interconnection delay issues of PV systems.
However, the implementation of a DC distribution system might lead to economic problems because of
the development of DC devices. Therefore, this paper deals with the scale of a PV plant based on its
capacity and proposes hosting-capacity models for PV systems to establish a network to evaluate the
feasibility of an MVDC distribution system. The proposed models can be classified as AC and DC
distribution systems by the power-supply method. PV systems with hundreds of MW, dozens of MW, and
a few MW can be categorized as large-scale, medium-scale, and small-scale models, respectively. This
paper also performed modeling for an economic evaluation of MVDC distribution system by considering
both the cost of AC and DC network construction, converter replacement, operation, etc. The profit was
composed of the SMP and REC rate of a PV plant. A simulation for economic evaluation was done for
the MVDC distribution system using the present worth and equal-principal costs repayment method. The
results confirmed that the proposed model is a useful tool to evaluate economic issues of a DC
distribution system.
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Fig. 1. Classification of PV plant by scale
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Fig. 2. Distribution system model for hosting capacity
of large-scale PV system
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Fig. 3. Distribution system model for hosting capacity
of medium-scale PV system
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Table 1. Conditions of economic evaluation

parameters contents
evaluation yearlyear] 30
rate of operation cost[%] 10
loss rate of AC 0.313
distribution
line[%/km] e 0.0647
utilization rate of PV system[%] 14.6
discount rate[%] 7
interest rate[%] 3.46
price of SMP[won/kWh] 90.74
price of RECIwon/kWhl(WFp -1 1) 63.57
unit length for T/L construction[km] 20
life span of AC facility 30
facilitylyear] converter facility 15
repayment method equal principal
costs

Table 2. Condition of construction cost for each

component
components costs
T/L construction[thousand won/km]
2 4,523,260
(XLPE 2,000mm”, underground)
AC line construction[thousand won/km]
9 98,000
(ACSR 160mm”)
one conductor of AC line[thousand won/kml] 25,000
substation construction 2bank 17,700,000
[thousand won]
(45/60MVA per bank) 4bank 23,000,000
utility pole construction[thousand won/km] 97.500
(interval length: 40m) ’
grid-connected transformer[thousand won/MVA] 100,000
PV inverter[thousand won/MW] 40,000
converter station[thousand won/MW] 200,000
DC/DC converter[thousand won/MW] 101,010
DC break[thousand won/EA] 228,000
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Table 3. Construction costs of model for hosting
capacity of large-scale PV system
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65 732,051 418,917 Fig. 6. ROI characteristics of model for hosting
70 774,476 430,833 capacity of large-scale PV system(15Km)
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Table 4. Construction costs of model for hosting
capacity of medium-scale PV system

total construction costs[million won]

feeder
length | (1) AC system @ A,C system (3) DC system
with T/L

[Km]
5 66,716 - 94,216
10 77,323 - 97,568
15 87,929 - 100,921
20 244,321 104,273
25 254,927 107,625
30 265,533 110,977
35 276,140 114,329
40 432,532 117,682
45 impossible to 443,138 121,034

supply

50 453,744 124,386
55 464,350 127,738
60 620,742 131,090
65 631,34 134,442
70 641,955 137,795
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Fig. 8. Construction costs of AC and DC system for
medium-scale PV system depending on feeder
length
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Fig. 9. ROI characteristics of model for hosting
capacity of medium-scale PV system(15Km)
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Fig. 10. ROI characteristics of model for hosting
capacity of medium-scale PV system(25Km)
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Table 5. Construction costs of model for hosting
capacity of small-scale PV system

total construction costs[million won]

feeder
length (1) AC system (2) DC system
[Km]
5 3,070 5177
10 5,176 6,846
15 7,282 8,515
20 9,388 10,184
25 11,494 11,853
30 13,600 13,522
35 15,706 15,191
40 17,812 16,860
45 19,918 18,529
50 impossible to supply 20,198
25,000
= Ww20,000
g
5 wiso00
z
g W10,000
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Fig. 11. Construction costs of AC and DC system for
small-scale PV system depending on feeder
length
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12. ROI characteristics of model for hosting
capacity of small-scale PV system(10Km)
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