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Abstract

Based on a parking lot in Shanghai, a low-power concentrated photovoltaic charging system was
designed. Firstly, the heat dissipation module of the system was digitally simulated, and found that
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the highest temperature of the battery in the period of the highest ambient temperature and the
maximum radiation intensity in the four seasons in 2020 were 69°C, 85°C, 73°C and 53°C respec-
tively, which were within the normal temperature range of the photovoltaic cell (-40°C~90°C), in-
dicating that the concentrating photovoltaic cell can operate reliably. Secondly, Simulink was used
to simulate the photovoltaic cell subsystem and predict the generating capacity. It was obtained
that the highest average daily generating capacity in August 2020 was 536 KWh, the minimum av-
erage daily power generation in December was 145 KWh, and the total annual generating capacity
was 125262 kWh. The charging demand of the whole system was simulated. The results showed
that: on the day when the generating capacity was the smallest, the generating capacity cannot
meet the charging demand, while on the other days the generating capacity can meet the charging
demand. The distribution of generating capacity showed that 40%~50% of the generating capacity
was used directly for charging, while the rest was fed into the grid. Finally, the economy of the
system was estimated: the cost can be recovered in 5 years, and the profit can be 1 million yuan in
14 years.
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Figure 1. Low-power concentrated photovoltaic power generation system
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Table 1. Design parameters
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Figure 2. Thermal system
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Figure 3. Temperature distribution map photovoltaic plate
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Figure 4. Equivalent circuit diagram of photovoltaic cells
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Figure 5. Models of photovoltaic cells system
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Figure 6. Model of energy storage system
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Figure 7. Model of power grid system
E 7. BNARSZEE

PE R G EEAREPIRE S, Horh MPPT $2] SR 48R H Sk A MY 5 S0 o bl Sk, A “Hf &
RS+ R BB AT LA 8. S NMEH R GUR TR RS, R EEEHE . Bt
JGAREES . HL DL K 78 Bt 2 [ 1847 . i bE B L B i e Th 3 L 78 A R SR DD LA B 28 Tt v
IRZS(SOC) AR I fif HE R ZE M AR, FETM AR BLREIEM Ay, XA DC-DC ALl K@ A% il ik .
B RT L E] 9(a) Al 9(b)

4:57
g error

> X +—»<_Vmean PV

o
on/off
error &)

Delta_D |K Ts
Delta_D /_ z1 _[ 3 /
@
I

S

Figure 8. MPPT control model of “incremental conductivity and points adjustment”
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Figure 9. Model of charging and discharging controller
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Figure 10. Model of charging pile
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Figure 11. Model of concentrating photovoltaic charging station
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Table 2. Maximum, minimum, and average monthly generation between China and Japan in 2020
= 2.2020 F AT HEAR/NAR Y LEE

H 3 K H R HUE/KWh B/ H K HL R KWh P H & HL B KWh
1A 378.45 24.45 178.98
2H 403.85 27.54 232.65
3AH 534.78 40.12 306.12
4H 556.32 65.23 342.73
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Figure 12. The power generation of theoretical formulas and models
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Table 3. Simulation scheme
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5:00 / 13.48 / ! ! 17.43 ! !
6:00 0.47 1.89 / ! 0.5 40.32 / /
7:00 7.02 4.41 0.14 / 12.96 / 0.18 /
8:00 12.96 / 9.72 / 28.80 3.27 1.12 /
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Figure 13. Simulation results
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Table 4. Charging volume statistics
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Table 5. Distribution of concentrated photovoltaic power generation

=5 BAXKEINLEESD
285 HEHZ T 78 HLi/kWh IC AR /kWh
F 309.89 336.46
G 45.14 291.03
H 295.86 443.84

| 19.05 5.40

M I A R, TR A RIOUIR ARG Z )5, FRIIKER I E],  FEICAREES T A )
FL5E 42 HEH AL FE FRL I FE AR, BIAEAE R LR SRR KIS 5, (0 R DUXRR AU, X th RN
AR R GEFRAR 1 78 Bt 78 F0 T HEL R A s

5.3. &FEair

Fefk RG LT R AN SERE S, B RS AMERA . il TR R b5 R, REH
ESATINTE 70 T3 /547 o MRAE IR BO AR K FLBOR AN, H7T 5N SRED 0~5 4Rk R G s Ar NI HLN Sy
1.27 7t/kWh, 6~20 44 0.87 Jt/kWh, 20 4FLLJE N 0.45 J6/kWh. [l RIE AR R 55 1 3h 3 $5444E 0.75%
TRRIES, M RGEHIIGEESF T WL 6. ATLAEE] 5 St nl LU AR, 14 S5t nT LAlias 100 75, Fi
DABEGR B, REUESEAT LA, S5t e it ke, BMETH MLk RS, Ia
R

e

DOI: 10.12677/mos.2024.134428 4734 e RSE TR


https://doi.org/10.12677/mos.2024.134428

T %

Table 6. System cumulative benefit estimate
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2023 495,434 62.921 2030 1,327,339 140.224
2024 616,978 78.357 2031 1,442,644 150.256
2025 737,611 88.852 2032 1,557,085 160.213
2026 857,339 99.268 2033 1,670,667 170.095
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