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Generation Cost Investment Cost All External Costs*
Technology (cents/kKWh) s'wW) (cents/kWh)
Coal, thermal 3.5 10-1.5 20-15
Nuclear N 12-2.0 02-0.6
Gas combaned cycle 3-5 0507 10-40
Saall hydro S-10 08-12 o
Biomass, thermal 410 1.5-25 -
Wind 3-5 08-15 0.05-0.25
Solar, PV 20-35 60-8.0 0.05-0.25
Solar, thermad 15-30 4.0-60 —

* Estumated cost to society and environment
* Not including nuclear waste and decommissioning cost
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Electrical Characteristics

Maximum Power (P,,,,) 150W
Voltage at Pyax (Vip) 34.5V
Current at Pyax (Znp) 4.35A
Open-circuit voltage (V,,.) 43.5V
Short-circuit current (/) 4.75A
Temperature coefficient of /. 0.065 +0.015 %/ °C
Temperature coefficient of V. -160 = 20 mV/ °C
Temperature coefficient of power -0.5 +0.05 %/ °C
NOCT 47 £2°C

BP Solar BP SX 150S[13] _f93b (5 s Silasin
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4l R=4 Ohms\ R=7.93 Ohms

1
25t Slope=1/R ~ R=16 Ohms P

Module Current (A)

_~" Increasing R

o) = S ! 1 ! ( 1 1l ‘
0 5 10 15 20 25 30 35 40 45 50
Module Voltage (V)
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@abi obs,y galsle men s BP Solar BP SX 150S i, i Jshe 0L o galslas sl ol s
V;wiu s function s ol e 5 Wleds i Mfile ,s 1 function 5 &5 1) Oy S0
[13]wloass St 5 odds ari

mfilel:
function Ia=bp sx150s(Va,G,TaC)
function bp sx150s.m models the BP SX 150S PV

module
calculates module current under given voltage,

o°

o°

irradiance and temperature
% Ia = bp sx150s(Va,G,T)

2

]

% Out: Ia = Module operating current (A), vector or
scalar
% In: Va = Module operating voltage (V), vector or
scalar

o°

G = Irradiance (1G = 1000 W/m”*2), scalar
TaC = Module temperature in deg C, scalar

o

]

o°
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% Define constants

k=1.381le-23; $ Boltzmann’s constant
g=1.602e-19; % Electron charge

% Following constants are taken from the datasheet
of PV module and
% curve fitting of I-V character (Use data for

1000W/m"2)

n=1.62; % Diode ideality factor (n),

% 1 (ideal diode) < n < 2
Eg=1.12; % Band gap energy; 1.12eV (Si),

1.42 (GaAs),
1.5 (CdTe), 1.75 (amorphous Si)

o°

Ns=72; % # of series connected cells (BP
SX150s, 72 cells)

TrK=298; % Reference temperature (25C) in
Kelvin

Voc_TrK=43.5/Ns; % Voc [(open ;circuit ~voltage per
cell) @ temp TrK

Isc _TrK=4.75; % Isc (short circuit current per
cell) @ temp TrK
a=0.65e-3; % Temperature coefficient of Isc

(0.065%/C)
% Define wvariables

TaK=273+TaC; % Module temperature in Kelvin
Vec=Va/Ns; % Cell voltage

% Calculate short-circuit current for TakK
Isc=Isc_TrK* (1l+(a*(TaK-TrK)));

% Calculate photon generated current @ given
irradiance
Iph=G*Isc;

VO
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% Define thermal potential (Vt) at temp TrK
Vt_TrK=n*k*TrK/q;

$ Define b = Eg * g/ (n*k);
b=Eg*q/ (n*k) ;

% Calculate reverse saturation current for given
temperature
Ir TrK=Isc TrK/ (exp(Voc_TrK/Vt TrK)-1);
Ir=Ir TrK* (TaK/TrK)*(3/n)*exp(-b*(1/TaK-1/TrK));

% Calculate series resistance per cell (Rs =
5.1mOhm)
dvdI Voc=-1.0/Ns; % Take dv/dI @ Voc from I-V
curve of datasheet
Xv=Ir TrK/Vt TrK*exp (Voc_TrK/Vt TrK);
Rs=-dVdI Voc-1/Xv;

% Define thermal potential (Vt) at temp Ta
Vt Ta=n*k*TaK/q;

$ Ia = Iph - Ir * (exp((Vc + Ia * Rs) / Vt Ta) -1)

$ £f(Ia) = Iph - Ia - Ir * ( exp((Vc + Ia * Rs) /
Vt Ta) -1) =0
% Solve for Ia by Newton's method: Ia2 = Ial -

£ (Ial)/£' (Ial)

Ia=zeros(size(Vec)); % Initialize Ia with zeros
% Perform 5 iterations

for j=1:5;
Ia=Ia- (Iph-Ia-Ir.* (exp((Vct+Ia.*Rs)./Vt Ta)-
1))...
./ (-1-
Ir*(Rs./Vt_Ta).*exp((VctIa.*Rs)./Vt Ta));
end
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mfile2:

function [Pa_max,Imp,Vmp]=find mpp (G, TaC)
% find mpp: function to find a maximum power point
of pv module

% [Pa max, Imp, Vmp] = find mpp (G, TaC)

% in: G (irradiance, KW/m*2), TaC (temp, deg C)

% out: Pa max (maximum power), Imp, Vmp
/11111771717 77777777777777777777777777777777777777777
/111111711777

% Define variables and initialize
Va=12;

Pa max=0;

TaC=25;

% Start process
while Va<48-TaC/8

Ia=bp sx150s(Va,G,TaC) ;

Pa new=Ia*Va;

if Pa new>Pa max

Pa_max=Pa new;

Imp=Ia;
Vmp=Va;
end
Va=Va+.005;
end
end

mfile3:P&O Algoritm

clc

$P&0 Algoritm Of solar cell By Meysam Rahmani

%1391

3 5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%5%%%
$%%%%%%%%%
clear;

% Define constants

\OY
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TaC=25; % Cell temperature (deg C)
C=0.5; % Step size for ref voltage change (V)
% Define variables with initial conditions
G=0.028; % Irradiance (1G
=1000W/m*2)
Va=26.0;

PV voltage

%
%

Ia=bp sx150s(Va,G,TaC); PV current
Pa=Va*Ia; % PV output power
Vref new=Va+C; % New reference voltage

[o]

% Set up arrays storing data for plots
Va_array=[];
Pa_array=[];
for Sample=1:43.2e+3
% Read irradiance value
% Take new measurements
Va_new=Vref new;
Ia new=bp sx150s(Vref new,G,TaC);
% Calculate new Pa
Pa new=Va new*Ia new;
deltaPa=Pa new-Pa;

% P&0O Algorithm starts here
if deltaPa>0
if Va_new>Va

Vref new=Va new+C; % Increase Vref
else

Vref new=Va new-C; % Decrease Vref
end

elseif deltaPa<0

if Va_new>Va

Vref new=Va new-C; % Decrease Vref
else

Vref_new=Va_new+C; $Increase Vref
end

else

VoY
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Vref new=Va new; % No change
end

% Update history
Va=Va_new;
Pa=Pa_new;

% Store data in arrays for plot
Va_array=[Va_array Va];
Pa_array=[Pa_array Pa];

end

figure (1)

plot(Va_array,Pa array,'qg')

Va=linspace (0,45,200) ;
hold on

for G=.2:.2:1

Ia=bp sx150s(Va,G,TaC);

Pa=Ia.*Va;

plot (Va, Pa)

[Pa max, Imp,Vmp]=£find mpp (G, TaC) ;

plot (Vmp,Pa max, 'r*')

end

title('P&0O Algorithm')

xlabel ('Module Voltage (V) ')

ylabel ('Module Output Power (W) ')

axis ([0 50 0 160])
text (23,140,' 200W/m*2\rightarrow ', 'FontSize', 8)
text (25,115, '400W/m*2\rightarrow ', 'FontSize',8)
text (23,82, '600W/m*2\rightarrow ', 'FontSize',8)
text (23,55, '800W/m*2\rightarrow ', 'FontSize',8)
text (22,27, '1000W/m*2\rightarrow ', 'FontSize',8)
hold off

28w dwis S
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(a) P&O algorithm
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[13] I P
With MPPT Without MPPT
Total Energy (simulation) 1.057KWh 0.577KWh
Total Energy (theoretical max) 1.060KWh 1.060KWh
Efficiency 99.75% 54.42%
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