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Independent Generation System Design for the Economic Management of Electrical
Charging Stations
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(Jin-Gyu Seo + Kyu-Ho Kim * Sang-Bong Rhee)

Abstract — This paper presents the optimal energy generation systems for economical EVs(Electric Vehicles) charging stations
located in an island area. The system includes grid electricity, diesel generator and renewable energy sources of wind turbines
and PV(Photovoltaic) panels. The independent generation system is designed with data resources such as annual average wind
speed, solar radiation and the grid electricity price by calculating system cost under different structures. This sensitive
analysis on the varying data resources allows for the configuration of the most economical generation system for charging
stations by comparing initial capital, operating cost, NPC(Net Present Cost) and COE(Cost of Energy). Depending on the
increase of the grid cost, the NPC variation of the most economical system which includes renewable energy generations and
grid electricity can be smaller than those of other generation systems.
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Fig. 1 Configuration of independent power generation system
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Fig. 2 Daily power consumption (Load)
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Table 1 Diesel generator and converter capacity and cost

Capacity | Cost | Replacement | O&M Cost
[kW] [$] Cost[$] [$/hr]
Diesel 1 1,500 1,500 0.050
Generator
Converter
(Inverter) 1 900 900 10

E 2 MEAS0IM Tujss FE 8% 2 Hg
Table 2 Power capacity and cost to purchase from power
system

Cost[$/kWh]
0.3, 0.7 0.9, 1.0, 1.1

Power Capacity [kW]
80, 140
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Table 3 0.3[$/kWh] of power purchase price

Initial | Operating COE

Copital | [gong | T NPC ] rs/cwn)
G/W | $110000 | 108257 | $1493891 | 0.295
G - 119026 | $1,521,555 |  0.300
G/D | $45000 | 118249 | $1,556615 | 0.307
G/P | $185000 | 116822 [ $1678371 | 0.331
G/P/W/D | $340,000 | 105683 | $1690,980 | 0.333
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B 4 Ao 7FH0] 0.7[$/kWh]d ™
Table 4 0.7[$/kWh] of power purchase price

Initial Opggasttmg Total NpC | °OF

Capital [$/vr] [$/kWh]
G/P/W/D | $450,000 201,139 $3,201,226 0.596
G/W $330,000 219,090 $3,130,706 0.617
G/D $60,000 247,667 $3,226,014 0.636
G - 277,728 $3,5650,294 0.700
G/P $585,000 247,825 $3,753,032 0.740

E 5 AT} 7FH0] 0.9[$/kWh]d ™
Table 5 0.9[$/kWh] of power purchase price

Operating COE
Cost | Total NPC
Capital [%j);r] ot [$/kWh]

Initial

G/P/W/D | $575,000 211,825 $3,282,830 0.647
G/D $75,000 269,427 $3,519,185 0.694
G/W $440,000 268,561 $3,873,110 0.764
G/P $465,000 305,247 $4,367,079 0.861

G - 397,079 $4,564,664 0.900

E 6 -7ES5 565m/s]

Table 6 5.5[m/s] of average wind speed

Initial Op&asttmg Total NpC | OF

Capital [$/yr] [$/kWh]
G/W/D | $445000 | 179587 | $2740,727 | 0.540
G/P/W/D | $630,000 | 176029 | $2,880,238 | 0568
G/W | $440000 | 222579 | $3285309 | 0648
G/D | $75000 | 269427 | $3519.185 | 0694
G - 357,079 | $4,564,664 | 0.900

B 7 BOEYARE 55[kWh/m?/d] & o
Table 7 55[kWh/m?/d] of average solar radiation

il O g wee || OO

Capital [%/yr] [$/KWh]
G/P/W/D | $575,000 209,335 $3,251,006 0.641
G/P/D $540,000 232,324 $3,5609,879 0.692
G/D $75,000 269,427 $3,519,185 0.694
G/P/W $655,000 247,182 $3,822,485 0.754
G/W $440,000 268,561 $3,873,110 0.764
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Table 8 Carbon dioxide emission of each generation method

OJASH B4 HiEE [ke/yr]
0.3[$/kWh] 0.7[$/kWh] 0.9[$/kWh]

G/P/W/D 206,797 229,859 231,786
G/D 250,794 313,921 337,387
G/W 221,484 189,350 179,819
G/P 235,157 205,785 205,785

G 250,749 250,749 250,749
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