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Iph =0.1 A , Io = 10-19A 

 Ioc=Iph=100 mA. 
Vt = 25 * 10-3V Vt =kT/q  

Voc = 25 * 10-3 ln (Iph/Io) 
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Voc = 476 mV  
Ioc Voc  
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           q x10-19 Coulomb 

           k:   Boltzmann =1,38x10-23 Joules/Kelvin =86,3*10-3 eV/K 
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           l m] 

          Kelvin C oK ) 

          V  

           Io -

 [21]   

 

4.4  
 

T

 



65 

 

 

 

 

  

 

 

 
 4.2: 

  

 

Rs 

Rs > 10m

FF  

 

 

 

 

 

 

 
: 

  RPV 

iph ID,VD 

Rs 

RL 

Rpv iph 

ID,VD 

Rs 

RL 



66 

 

 
Rpv 

-
 

 

Rpv  [21] 
 

4.5   
 I-V 

M

 
  

V(I). 
 

Isc , Voc , Ipmax , Vpmax 
 

(Degree of accuracy of 
approximation within the range of degree of accuracy of 
measuring method (state-of-the-art) ) 

 

 
 
 
  



67 

 

 
 
 

 

 

 

: 

  

  
 Rs 

Rpv. 
[22]  

  

4.6 
(Rs) 

  

 
 

 
 

 

 
 

 
 

 

RL iph ID,VD 

Rs 



68 

 

 

 
 

Rpv , VT , Io , Iph 
sc , Voc , 

Ipmax , Vpmax M  
 

   

 
 

 

 

     

 
 

 

 

 

  



69 

 

1 2 3 4 

 
 

 

   
 

 

    

 
 

    

 
 

   

 
 

 

 

:  
BP585F 

 
 



70 

 

 
 

 

 

 

 

 

 

 

 

  

 



71 

 

 

 4.1 :  

I-V   

 Solarex MSX 
 

 

 

 

 

 

 



72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



73 

 

 

.2 
I-V  

 
I-V  [22]  

 

4.6.1 
I-V  

 Rs 
I-V 

IEC 60891. 

 
V1 V2  



74 

 

  

 

    

 

V1 V2  

  

 

  

 

: 

   

 

 

 single cells I-V 
  4.3). [22] 



75 

 

 

.3:  

Rs  

4.6.2 
I-V under 

illumination). 
 
KW

I-V under illumination).  

 I-V 
I-V 

KW)  



76 

 

I-V 
IEC 

 
Rs

 

 

   

 

 

  

 

 

   

To FF  

 

 

 

 

 

 



77 

 

 

 

 

 

 

 

 

 

Rs 

I-V  

  

 Rs Rs 

BP 585F  

R [22] 



78 

 

5  
 4.4 

BP585F  

 

 

   

sc =5A , Voc= 22.3V , Ipmax= 4.72A , Vpmax= 18A 

Rs 

MATLAB  
function ypologismosrs(Voc,Vpmax,Ipmax,Isc); 
K1=-5.411; 
K2=6.450; 
K3=3.417; 
K4=-4.422; 
Voc1=Voc; 
FF= (Ipmax*Vpmax)/ (Isc*Voc) 
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if (FF>=0.7)   
    fi=FF 
else 
    fi=2.2*10^-9*exp(28*FF) 
end 
Isc1=fi*Isc 
Isc2=fi*Isc1 
Ipmax1=fi*Ipmax 
Vpmax1=Vpmax 
DI=0.5*Isc1 
M=(Voc/Isc)*(K1*((Ipmax*Vpmax)/(Isc*Voc))+(K2*(Vpmax/Voc))+(K3*(Ipmax/Isc
))+(K4)) 
M1=(Voc1/Isc1)*(K1*((Ipmax1*Vpmax1)/(Isc1*Voc1))+(K2*(Vpmax1/Voc1))+(K3
*(Ipmax1/Isc1))+(K4)) 
Iph=Isc 
Iph1=Isc1 
Rpv=-M*(Isc/Ipmax)+((Vpmax/Ipmax)*(1-(Isc/Ipmax))) 
Rpv1=-M1*(Isc1/Ipmax1)+((Vpmax1/Ipmax1)*(1-(Isc1/Ipmax1))) 
Vt=-((M+Rpv)*Isc) 
Vt1=-((M1+Rpv1)*Isc1) 
Io=Isc*(exp(-Voc/Vt)) 
Io1=Isc1*(exp(-Voc1/Vt1)) 
Voc1=Voc 
I=Isc-DI 
I1=Isc1-DI 
Vcalc=Vt*log((Iph-(Isc-DI)+Io)/Io)-I*Rpv 
Vcalc1=Vt1*log((Iph1-(Isc1-DI)+Io1)/Io1)-I1*Rpv1 
Rs=((Vcalc1-Vcalc)/(Isc-Isc1)) 
 

 

>> ypologismosrs(22.3,18,4.72,5) 

FF = 0.7620 

fi =  0.7620 

Isc1 =  3.8099 

Isc2 =  2.9030 
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Ipmax1 =   3.5965 

Vpmax1 =  18 

DI =  1.9049 

M =  -0.5045 

M1 =  -0.6621 

Iph = 5 

Iph1 = 3.8099 

Rpv = 0.3082 

Rpv1 = 0.4044 

Vt = 0.9815 

Vt1 = 0.9815 

Io = 6.7881e-010 

Io1 = 5.1723e-010 

Voc1 = 22.3000 

I = 3.0951 

I1 =1.904 

Vcalc = 20.3990 

Vcalc1 =  20.8492 

Rs = 0.3783 

[22] 



81 

 

 

sc =5A , Voc= 22.3V , Ipmax= 4.51A , Vpmax= 14.56A 

Rs  

R MATLAB 

 
function ypologismosrs(Voc,Vpmax,Ipmax,Isc); 
K1=-5.411; 
K2=6.450; 
K3=3.417; 
K4=-4.422; 
Voc1=Voc; 
FF=(Ipmax*Vpmax)/(Isc*Voc) 
if (FF>=0.7)   
    fi=FF 
else 
    fi=2.2*10^-9*exp(28*FF) 
end 
Isc1=fi*Isc 
Isc2=fi*Isc1 
Ipmax1=fi*Ipmax 
Vpmax1=Vpmax 
DI=0.5*Isc1 
M=(Voc/Isc)*(K1*((Ipmax*Vpmax)/(Isc*Voc))+(K2*(Vpmax/Voc))+(K3*(Ipmax/Isc
))+(K4)) 
M1=(Voc1/Isc1)*(K1*((Ipmax1*Vpmax1)/(Isc1*Voc1))+(K2*(Vpmax1/Voc1))+(K3
*(Ipmax1/Isc1))+(K4)) 
Iph=Isc 
Iph1=Isc1 
Rpv=-M*(Isc/Ipmax)+((Vpmax/Ipmax)*(1-(Isc/Ipmax))) 
Rpv1=-M1*(Isc1/Ipmax1)+((Vpmax1/Ipmax1)*(1-(Isc1/Ipmax1))) 
Vt=-((M+Rpv)*Isc) 
Vt1=-((M1+Rpv1)*Isc1) 
Io=Isc*(exp(-Voc/Vt)) 
Io1=Isc1*(exp(-Voc1/Vt1)) 
Voc1=Voc 
I=Isc-DI 
I1=Isc1-DI 
Vcalc=Vt*log((Iph-(Isc-DI)+Io)/Io)-I*Rpv 



82 

 

Vcalc1=Vt1*log((Iph1-(Isc1-DI)+Io1)/Io1)-I1*Rpv1 
Rs=((Vcalc1-Vcalc)/(Isc-Isc1)) 
 

 

 

>> ypologismosrs(22.3,14.56,4.51,5) 

FF = 0.5889 

fi = 0.0319 

Isc1 = 0.1596 

Isc2 = 0.0051 

Ipmax1 = 0.1439 

Vpmax1 = 14.5600 

DI = 0.0798 

M = -1.4061 

M1 = -44.0615 

Iph = 5 

Iph1 = 0.1596 

Rpv = 1.2081 

Rpv1 =   37.8572 

Vt = 0.9900 

Vt1 = 0.9900 
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Io = 8.2392e-010 

Io1 = 2.6292e-011 

Voc1 = 22.3000 

I = 4.9202 

I1 = 0.0798 

Vcalc = 12.2597 

Vcalc1 = 18.5936 

Rs = 1.3086 

[22] 
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7   
 

 

7.1  
MATLAB 

 

Editor 
 SW 80 mono/R5E

MATLAB. 
 

function Ia=solar(Va,Ns,m,Suns,TaC) 
  
k = 1.38e-23;  
q = 1.60e-19;  
n=1.2;      
Vg = 1.12;  
           
T1 = 273 + 25;         
Voc_T1 = m*21.9 /Ns;    
Isc_T1 = 5; 
T2 = 273 + 45.5; 
Voc_T2 = m*19.8 /Ns; 
Isc_T2 = 4.13; 
  
TaK = 273 + TaC;  
K0 = (Isc_T2 - Isc_T1)/(T2 - T1);  
IL_T1 = Isc_T1 * Suns;  
IL = IL_T1 + K0*(TaK - T1);  
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I0_T1=Isc_T1/(exp(q*Voc_T1/(n*k*T1))-1); 
I0= I0_T1*(TaK/T1).^(3/n).*exp(-q*Vg/(n*k).*((1./TaK)-(1/T1))); 
Xv = I0_T1*q/(n*k*T1) * exp(q*Voc_T1/(n*k*T1)); 
dVdI_Voc = -(1.15*m)/Ns / 2;  
Rs = - dVdI_Voc - 1/Xv;     
                            
A=1.2;  
Vt_Ta = A * k * TaK / q;  
Vc = Va/Ns; 
Ia = zeros(size(Vc)); 
for j=1:5; 
Ia = Ia - (IL - Ia - I0.*( exp((Vc+Ia.*Rs)./Vt_Ta) -1))./(-1 - (I0.*( 
exp((Vc+Ia.*Rs)./Vt_Ta) -1)).*Rs./Vt_Ta); 
end 
 

 

k -23 Joules/Kelvin =86,3*10-3 eV/K 

q x10-19 Coulomb 
n     (1,2) 
Vg    
T  
Voc_T1  
Voc_T2   
Isc_T1 

 
Isc_T2 

 
TaK  

Newton-Raphson 
Ia.  

 - , Newton-Raphson), 

  
-  
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I(V
 

(x   '(x),  
x0  x1  [26] 

 
 7.1 

 

7.2   

 Ia) 

Va
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Ns 
m 

Suns W/m2 
TaC  

TaC) 
 Embedded MATLAB 



111 

 

Editor  Block   

 . 

 

 

 

 

 

 

 

 

.1 

 

 

 

Embedded MATLAB Editor  Block 
 SW 80 mono/R5E. 

 
I/V P/V 
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23V  msec 

Ns , , 
 

m 
W/m2 

C I-V P-V 
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-V -V C W/m2 

10.3   
I-V V 

Volt I Ampere 
P-V 

V Volt P Watt. 

-V
 

i. 

 
ii. 

V

 Voc=21,9V.  
V 

V Vmpp=17,5V 
mpp  
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mpp = Vmpp * Impp = 17,5 * 4,58 = 80,15W 
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12   
  

12.1 

 
 

Performance of Grid-connected PV  

NOTE: before using these calculations for anything serious, you 
should read [this]  

PVGIS estimates of solar electricity generation  

 
Nearest city: Patrai, Greece (8 km away) 
 
Nominal power of the PV system: 2.4 kW (crystalline silicon) 
Estimated losses due to temperature: 10.6% (using local ambient 
temperature) 
Estimated loss due to angular reflectance effects: 2.7% 
Other losses (cables, inverter etc.): 14.0% 
Combined PV system losses: 25.2%  
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Month Ed Em Hd Hm 

Jan 4.22 131 2.19 68.0 
Feb 5.26 147 2.78 77.9 
Mar 7.29 226 3.93 122 
Apr 9.46 284 5.20 156 
May 10.40 324 5.90 183 
Jun 11.30 338 6.50 195 
Jul 11.00 342 6.42 199 
Aug 10.50 326 6.11 190 
Sep 9.16 275 5.19 156 
Oct 6.82 211 3.77 117 
Nov 4.51 135 2.42 72.6 
Dec 3.45 107 1.81 56.1 

Yearly 
average 7.80 237 4.36 133 

Total 
for year 2850 1590 

12.2 

Ed: Average daily electricity production from the given system (kWh) 
Em: Average monthly electricity production from the given system (kWh) 
Hd: Average daily sum of global irradiation per square meter received by 
the modules of the given system (kWh/m2) 
Hm: Average sum of global irradiation per square meter received by the 
modules of the given system (kWh/m2) 
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