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Abstract
The research focuses on how to enhance charge performance of PV power 

generation system, for use in independent solar power system. Investigates increasing 

energy storage of PV power generation system by paralleling capacitor. Outdoor 

experimental results indicate that lithium battery in parallel capacitor system can 

improve the charge efficiency of PV power generation system. Then use effects of 

changes in radiation to explain why paralleling capacitor can improve the charge 

efficiency.

In the research also proposed to explore nMPPO matching system performance 

to help match making system based nMPPO screening of the solar panels. 

Performance indicators through which developed a graphical user interface, making 

solar panels so that screening can be more quickly and comparison. Finally, through 

the outdoor experiments
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1.2. 11Phase 2 Duty cycle
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2.3. 2 Simulink Block diagram
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nMPPO

2.4.1 nMPPO

2.4. 1 nMPPO
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(1)

Brand: 

Maximum rating power(Wp): 1000W/m2 25oC
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Maximum power voltage(Vmpp): 1000W/m2 25oC

Maximum power current(Impp): 1000W/m2 25oC

Open circuit voltage(Voc): 1000W/m2 25oC

Short circuit current(Isc): 1000W/m2 25oC

Temperature coefficient of Voc: Voc %/K

Temperature coefficient of Isc: Isc %/K

Number of cells connect in series: 

(2)

PV panel temperature: oC

Irradiation: W/m2

Number of panel in series: 1

2.4.1.1 PV

1000W/m2 25oC

(Voc Vmp Imp …)

(W/m2) (oC)

( )
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2.4. 2
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Minimum voltage(VL): (V)

Average voltage(Vav): (V)

Maximum voltage(Vmax): (V)
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Average voltage(Vav): (V)

Maximum voltage(Vmax): (V)

Number of series: 

2.4.3 (Pack)

VL Vav Vmax (
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Li-Batt Pack 
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PV 
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2.4. 4 nMPPO

Voc: (V)

Vmp: (V)

dVmp: Vmp Vav (V)

dVmax: Vmax Vmp (V)

Pmax: (W)

PV_L: (W) P(VL)
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2.4.5 nMPPO

nMPPO

EXCEL

2.4.4

2.4.1 800W/m2

45oC NSP245W 24V100Ah

130W 60W 12V100Ah

2.4. 6

2.4. 1

2.4.1 NSP245 Lmp 0(

0) Vav(26.5V) Vmp(26.9V) Ci(0.34)

0 0.5 nMPPO

130W 60W Ci 0( )

NSP245 PCM130 ASEC130 ASEC130
Maximum Rating Power (Pmax) 245 130 130 130 Wp

Open Circuit Voltage (Voc) 37.62 22 21.66 21.66 V
Maximum Power Voltage (Vpm) 30.38 17.7 17.54 17.54 V

Short Circuit Current (Isc) 8.52 8.1 7.93 7.93 A
Maximum Power Current (Imp) 8.07 7.4 7.45 7.45 A
Temperature Coefficient of Isc 0.046 0.046 0.046 0.046 %/K
Temperature Coefficient of Voc -0.313 -0.313 -0.313 -0.313 %/K

Model Irr(W/m2) Tpv(
oC) Pmp Voc Vmp VL Vav Vmax dVmp dVmax Pmax Pav Lmp rmp Ci roc

NSP2
45 800 45 170.5 33.6 26.9 23.5 26.5 29.2 0.4 2.3 157.3 170.2 0 0.01 0.34 0.66

PCM13 800 45 90 19.6 15.7 11.8 13.2 14.4 2.5 -1.3 86.8 80.8 0.1 0.16 -0.33 1.33
ASE
C130 800 45 90.1 19.3 15.5 11.8 13.2 14.4 2.3 -1.1 87.5 81.5 0.1 0.15 -0.29 1.29

PCM
60 800 45 41.21 19.7 16.4 11.8 13.2 14.4 3.2 -2 37.74 34.78 0.16 0.2 -0.61 1.61
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Vmax Vmp MPP Vav( )

Vmp nMPPO Lmp 0.1 Vav

rmp 0.15~0.16 nMPPO MPP 16%

nMPPO
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nMPPO
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2.5. 1 nMPPO

MPPT

Phase1( )

0.1Hz nMPPO

(1) (2) nMPPO

MPP

(2.5-1)

Rn(t)

(2.5-2)

nMPPO 2.5-3 (

) MPPT Imp Vmp
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(2.5-3)

(2.5-4)

nMPPO

(2.5-5)

2.5.1 245Wp

NSP245

2.5.1 nMPPO

800W/m2 45oC

VL=23.5V Vav=26.4V Vmax=29.2V

Ϲi=0.34 roc=0.66 Lmp=0 rmp=0.01 2.4.4

nMPPO

2.5.3 nMPPO MPP

90% (W) 100% 2.5.4 nMPPO

MPPT 45o

MPPT nMPPO 45o

2.5.5 X MPPT

Y MPPT MPPT

(Wh) (%) 5%

24V
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Maximum Rating Power (Pmax) 245 Wp

Module Efficiency 15 %

Open Circuit Voltage (Voc) 37.62 V

Maximum Power Voltage (Vpm) 30.38 V

Short Circuit Current (Isc) 8.52 A

Maximum Power Current (Imp) 8.07 A

Temperature Coefficient of Isc 0.046 %/K

Temperature Coefficient of Voc -0.313 %/K

2.5. 1 NSP245

2.5. 2 NSP245W -
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2.5. 3 NSP245 nMPPO MPP

2.5. 4 NSP245 MPP nMPPO
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2.5. 5 NSP245W 

2.5.2 130W

PCM130

2.5.2 nMPPO

800W/m2 45oC

VL=11.8V Vav=13.2V Vmax=14.4V

Ϲi=-0.33 roc=1.33 Lmp=0.1 rmp=0.16 2.4.4

nMPPO

2.5.7 nMPPO MPP

85% (W) 90% 2.5.8

MPPT

2.5.8 nMPPO

Maximum Rating Power (Pmax) 130 Wp

Module Efficiency 15 %
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Open Circuit Voltage (Voc) 22 V

Maximum Power Voltage (Vpm) 17.7 V

Short Circuit Current (Isc) 8.1 A

Maximum Power Current (Imp) 7.4 A

Temperature Coefficient of Isc 0.046 %/K

Temperature Coefficient of Voc -0.313 %/K

2.5. 2 130W

2.5. 6 PCM130W -

2.5. 7 PCM130 nMPPO MPP
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2.5. 8 PCM130 MPP nMPPO

2.5. 9 PCM130

2.5.3 ASEC130

ASEC130
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2.5.3 nMPPO

800W/m2 45oC

VL=11.8V Vav=13.2V Vmax=14.4V

Ϲi=-0.29 roc=1.29 Lmp=0.1 rmp=0.15 2.4.4

nMPPO

2.5.11 2.5.12 2.5.13

PCM130

Maximum Rating Power (Pmax) 130 Wp

Module Efficiency 14.5 %

Open Circuit Voltage (Voc) 21.66 V

Maximum Power Voltage (Vpm) 17.45 V

Short Circuit Current (Isc) 7.93 A

Maximum Power Current (Imp) 7.54 A

Temperature Coefficient of Isc 0.046 %/K

Temperature Coefficient of Voc -0.313 %/K

2.5. 3 ASEC130
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2.5. 10 ASEC130W -

2.5. 11 ASEC130 nMPPO MPP
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2.5. 12 PCM130 MPP nMPPO

2.5. 13 ASEC130
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2.5.4 PCM60

PCM60

2.5.4 nMPPO

800W/m2 45oC

VL=11.8V Vav=13.2V Vmax=14.4V

Ϲi=-0.61 roc=1.61 Lmp=0.16 rmp=0.2 2.4.4

nMPPO

2.5.15 2.5.16 2.5.17

PCM130 ASEC130

Maximum Rating Power (Pmax) 60 Wp

Module Efficiency 15 %

Open Circuit Voltage (Voc) 22 V

Maximum Power Voltage (Vpm) 18.43 V

Short Circuit Current (Isc) 3.518 A

Maximum Power Current (Imp) 3.316 A

Temperature Coefficient of Isc 0.046 %/K

Temperature Coefficient of Voc -0.313 %/K

2.5. 4 PCM60
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2.5. 14 PCM60W -

2.5. 15 PCM60 nMPPO MPP
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2.5. 16 PCM60 MPPT nMPPO

2.5. 17 PCM60
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2.3

( 5W/m2 ) -
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3.2. 1

Rs RC

OCV [11] 3.2.1

OCV Rs R1 C1 R2 C2

SOC(State of Charge)

SOC

(i) SOC 0%

(ii) SOC 10% 30

(iii) (ii) SOC 100%
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3.2. 2 PCT

Channel

3.2.2 12bit 0 5V

0 5V 4096 0.002V

2.8V~3.65V

3.2. 3 PSI15Ah

PSI 15Ah 3.2.3

SOC100% 3 5 0.2C

SOC 0% PCT(Pulse charge test)
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3.2. 4 PCT

3.2.4 PCT 0.2C 30

30 0.2

10 10 3.2.5 PCT

3.2. 5 PCT

3.2.5

RC
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3.2. 6 PCT SOC 50%

3.2. 7 SOC

3.2.6 U1 U2 Rs

Rs 3.2-2 I I=3A U2

U3 RC MALTAB

Curve fitting toolbox R1 C1 R2 C2

3.2.4 I U3

OCV 3.2.7 SOC
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3.2.8 3.2.10 SOC

(3.2-1)

(3.2-2)

(3.2-3)

(3.2.4)

SOC Rs R1 C1 R2 C2 OCV

10% 0.0044 0.003127 160103.7 0.004931 9392.051 3.2327

20% 0.0044 0.003598 137232.9 0.004633 8649.264 3.2891

30% 0.0044 0.003518 135304.7 0.004352 9101.258 3.3107

40% 0.0044 0.003512 116207.8 0.004747 7973.471 3.3119

50% 0.0044 0.003787 141114.1 0.006384 7241.408 3.3143

60% 0.0044 0.003602 104012.9 0.00512 5980.713 3.3419

70% 0.0056 0.004775 123216 0.007612 5408.519 3.3467

80% 0.0076 0.006 87301.15 0.009924 4225.097 3.3467

90% 0.0096 0.00873 56218.64 0.016922 2516.614 3.3467

100% 0.0116 0.016215 26473.32 0.030342 1683.356 3.3503

3.2. 1 SOC

3.2. 8 SOC OCV Rs
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3.2. 9 SOC R1 C1

3.2. 10 SOC R2 C2
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PCT

MATLAB Simulink

Simulink

4.1.1 simulink

(1) SOC

(4.1-1)

4.1. 1 SOC Simulink Block diagram

SOC 4.1.1 SOC0

15Ah 15Ah SOC

(2) OCV 

PCT OCV SOC

4.1-2

(4.1-2)
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4.1. 2 OCV Simulink Block diagram

(3) RC

PCT R1 C1 R2 C2

SOC

4.1-3~4.1-6 4.1-9 RC

4.1.4 Block diagram

(4.1-3)

(4.1-4)

(4.1-5)

(4.1-6)

4.1. 3 RC Simulink Block diagram (1)
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4.1. 4 RC Simulink Block diagram (2)

(4.1.7)

(4.1.8)

(4.1-9)

(4) VS

PCT Rs SOC

(4.1-10) Vs Rs 4.1.5 4.1-11

(4.1-10)

(4.1-11)

4.1. 5 SOC Vs Simulink Block diagram
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(5)

4.1. 6 simulink block diagram

Equation 4.1. 1

Vt:

V1: R1C1

V2: R2C2

simulink block diagram

4.1.6 Vt block diagram

4.1.4

(6)
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4.1. 7 Simulink Block diagram

4.1. 8 Simulink Block diagram

2 8

24V30Ah 4.1.7

4.1.8

4.1.2

4.1. 9 Simulink Block Diagram

Simulink Block Diagram

(W/m2)

4.1.9 nMPPO

4.1.3
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4.1. 10 Simulink Block Diagram

Simulink Block Diagram

4.1.10 PID
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24V30Ah

PSI 2.8V

3.65V 0.2C SOC 0%

100% 4.2.1

4.2. 1

2 8 24V30Ah 0.2C

PSI

BMS 4.2.2 BMS

4.2.3
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4.2. 2 PSI 24V30Ah

4.2. 3

0.132F Phase2 28.3V

24V

4.2.4 2013 6 2

28.3V

PID
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4.2. 4 2013/6/2
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24V30Ah 260W

Phase2

4.3.1 4.3.1 30Ah

4.3. 1 30Ah
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4.3. 1 30Ah

24V60Ah

0.132F VL=23.5V Vmax=28.3 260W

Simulink

4.3.2 4.3.4

30Ah Cap System 60Ah Cap 

System

Phase2

30Ah

Cap System

(Wh) (MJ/m2) solar eff(%) (Wh) (MJ/m2) solar eff(%)
5 10 769.49 11.04 12.76% 5 28 1028.85 17.66 10.67%
5 11 191.32 2.41 14.52% 5 29 862.40 13.77 11.47%
5 12 204.56 2.55 14.71% 5 30 1019.74 21.41 8.72%
5 13 766.85 11.32 12.41% 5 31 1014.21 23.38 7.94%
5 14 856.33 12.29 12.76% 6 1 1021.02 19.70 9.49%
5 15 607.57 8.59 12.96% 6 2 1015.63 21.95 8.47%
5 16 505.64 6.88 13.47% 6 3 1024.40 21.29 8.81%
5 17 815.74 12.15 12.29% 6 4 550.99 7.93 12.73%
5 18 236.25 3.40 12.72% 6 5 636.93 9.17 12.72%
5 19 953.90 14.54 12.01% 6 6 1038.44 18.31 10.38%
5 20 807.17 12.52 11.80% 6 7 893.88 14.16 11.56%
5 21 401.01 5.54 13.26% 6 8 1028.58 22.15 8.50%
5 22 481.42 6.91 12.75% 6 9 619.24 8.64 13.12%
5 23 616.64 9.36 12.06% 6 10 765.19 11.23 12.48%
5 24 730.91 11.27 11.87% 6 11 536.45 7.56 13.00%
5 25 1049.01 24.50 7.84% 6 12 819.21 12.31 12.19%
5 26 977.32 15.13 11.83% 6 13 770.02 11.22 12.57%
5 27 1036.23 16.92 11.22%
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4.3. 2 2014/6/1

4.3. 3 2014/6/2

4.3. 4 2014/6/3 
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4.3. 5 2014/6/4 

4.3.6

16MJ/m2

1.2.9

13.9% 4.3.2
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4.3. 6 30Ah Cap Sys 60Ah Cap Sys

4.3. 2

(MJ/m2) 30Ah (Wh) 30Ah solar eff(%) 60Ah (Wh) 60Ah solar eff(%)
5 10 11.04 769 12.76% 897 14.87%
5 11 2.41 191 14.52% 97 7.37%
5 12 2.55 205 14.71% 110 7.94%
5 13 11.32 767 12.41% 893 14.44%
5 14 12.29 856 12.76% 1041 15.52%
5 15 8.59 608 12.96% 640 13.66%
5 16 6.88 506 13.47% 489 13.02%
5 17 12.15 816 12.29% 973 14.67%
5 18 3.40 236 12.72% 144 7.73%
5 19 14.54 954 12.01% 1209 15.22%
5 20 12.52 807 11.80% 959 14.02%
5 21 5.54 401 13.26% 344 11.37%
5 22 6.91 481 12.75% 454 12.04%
5 23 9.36 617 12.06% 654 12.80%
5 24 11.27 731 11.87% 834 13.55%
5 25 24.50 1049 7.84% 1376 10.29%
5 26 15.13 977 11.83% 1249 15.13%
5 27 16.92 1036 11.22% 1353 14.65%
5 28 17.66 1029 10.67% 1340 13.90%
5 29 13.77 862 11.47% 1052 13.98%
5 30 21.41 1020 8.72% 1324 11.33%
5 31 23.38 1014 7.94% 1314 10.29%
6 1 19.70 1021 9.49% 1342 12.47%
6 2 21.95 1016 8.47% 1503 12.54%
6 3 21.29 1024 8.81% 1451 12.48%
6 4 7.93 551 12.73% 509 11.75%
6 5 9.17 637 12.72% 685 13.69%
6 6 18.31 1038 10.38% 1357 13.57%
6 7 14.16 894 11.56% 1105 14.29%
6 8 22.15 1029 8.50% 1340 11.08%
6 9 8.64 619 13.12% 658 13.95%
6 10 11.23 765 12.48% 890 14.51%
6 11 7.56 536 13.00% 534 12.93%
6 12 12.31 819 12.19% 979 14.56%
6 13 11.22 770 12.57% 898 14.65%
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5.1.1

5.1. 1 i-sCon2
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5.1. 2

i-sCon2

500W

15

2 i-sCon2 Phase1

Phase2 Phase3 Phase2 Phase3 PID 5.1.3

PID PID

MOSFET Duty Cycle

5.1. 3 PID

5.1.2
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5.1. 4

5.1. 5

i-sCon2

1.5

1.5

5.1.3
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5.1. 6 50V22000uF

50V/22000uF 6 0.132F

5.1.4

5.1. 7 PSI 24V30Ah

PSI 24V30Ah

BMS

24V60Ah [8]
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5.1.5

5.1. 8 NSP

Maximum Rating Power (Pmax) 245 Wp

Module Efficiency 15 %

Open Circuit Voltage (Voc) 37.62 V

Maximum Power Voltage (Vpm) 30.38 V

Short Circuit Current (Isc) 8.52 A

Maximum Power Current (Imp) 8.07 A

Temperature Coefficient of Isc 0.046 %/K

Temperature Coefficient of Voc -0.313 %/K

5.1. 1 NSP245

(NSP)

D6P245A3A 5.1.6 5.1.1 nMPPO

Lmp=0 rmp=0.01 Ϲi=0.34 roc=0.66

nMPPO

5.1.6
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5.1.7 12V50W

8 4 24V

200W i-sCon2

7.5A 0.125C

5.1. 9 ( )

5.1.7

5.1.10

5.1. 10
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Cap

No-Cap

5.2. 1 2014/6/2

5.2. 2 2014/6/3
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5.2. 3 2014/6/4

5.2. 4 2014/6/5
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5.2. 5 2014/6/6

5.2. 6 2014/6/7

5.2. 7 2014/6/8
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5.2. 8 2014/6/9

5.2. 9 2014/6/10
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5.2. 10 2014/6/11

5.2. 11 2014/6/12

5.2. 12 2014/6/13
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5.2. 13 2014/6/14

5.2.1 5.2.13 X Y

Y

[6]
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5.2. 14 Strengthen Normal

5.2. 1 Cap No-Cap

(5.2.1)

5.2.14 X Normal Y

Strengthen Normal

Strengthen 5.2.1

Date Normal(Wh) Strenghten(Wh) Gain(%) Date Normal(Wh) Strenghten(Wh) Gain(%)
6 2 568 571 0.44% 6 15 366 368 0.67%
6 3 268 274 2.08% 6 16 491 501 1.97%
6 4 315 320 1.50% 6 17 739 774 4.71%
6 5 191 196 2.95% 6 18 651 673 3.34%
6 6 363 366 0.71% 6 19 411 437 6.45%
6 7 364 365 0.36% 6 20 358 382 6.74%
6 8 452 455 0.57% 6 21 462 489 5.88%
6 9 467 468 0.22% 6 22 362 400 10.35%

6 10 351 353 0.63% 6 23 339 374 10.28%
6 11 335 338 0.91% 6 24 228 260 14.05%
6 12 882 885 0.27% 6 25 377 397 5.31%
6 13 806 812 0.86% 6 26 672 694 3.32%
6 14 583 586 0.65% 6 27 579 606 4.51%
6 15 366 368 0.67% 6 28 426 467 9.71%
6 8 452 455 0.57% 6 29 521 562 7.92%
6 9 467 468 0.22% 6 30 560 582 3.89%

6 10 351 353 0.63% 7 1 553 580 4.88%
6 11 335 338 0.91% 7 2 664 682 2.66%
6 12 882 885 0.27% 7 3 735 755 2.71%
6 13 806 812 0.86% 7 4 582 609 4.70%
6 14 583 586 0.65%
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400Wh Strengthen

200Wh

Strengthen

Strengthen
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6.1

A.

Phase2

Phase1

Strengthen

SOC

BMS BMS

B. nMPPO
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nMPPO

nMPPO

nMPPO

MPPT
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6.2

nMPPO
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