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The photovoltaic effect

Photovoltaic Panel

Photovoltaic System
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¢ Sunlight striking a semiconductor and
causing electrons to be excited due to
energy In the sunlight (photons).

Light energy
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Several important magnitudes must be used:
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¢ ldeal Cell
Ideal Cell
KLY 4 \
\ N
V. ]V
T
=1 -1 (1)

© Total current in the diode

qVv
aKTC . 1:| (2)

|D=|O{e

© The Current |,; appears with
reverse polarity and relatively high

negative tensions.




¢ Other characteristics or data | _ ,L_,{eaﬁc _1}

© I5: Diode current (A)

© |,: Saturation current of the diode (A)

© q: Electron charge, 1.6 10-19 (C)

© a: Diode ideality factor.

© K: Boltzmann’s Constant, 1.38 102 J/K
© T.: Cell Temperature (°K)

© V: Voltage on the photovoltaic module (V)
© |: Current photovoltaic module (A)
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Equivalent circuit of a photovoltaic cell
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The fundamental electrical parameters:

¢ Short circuit current (l,.) is the current through the solar cell when

the voltage across the solar cell is zero

¢ Open circuit voltage (V,.) is the difference of electrical potential

between two terminals of a device when disconnected from any circuit. There

is no external load
¢ Maximum current (I ..,) current at the maximum power point
¢ Maximum voltage (V,,,,) current at the maximum power point

Maximum power (P...)
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Types of IV characteristic curves:

IV curve for constant T2 25°C
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Types of PV characteristic curves:
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Series and shunt resitances:

¢ R,: A function of the impurities and contact resistance.
¢ R : Inversely proportional to the leakage current to earth.

¢ ldeal photovoltaic cell: Rs =0 and R, =

¢ Silicon cells: R, = 0,05-0,1Q and Ry, = 200-300 Q = |, = 0.

¢ The PV conversion efficiency is very sensitive to small

variations in R, but insensitive to variations in R,
|
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c effect

Series and shunt resitances:

¢ Influence of the Rg and Rg, on the curve caracteristics

G0

— 50

o 401

3 204
104
— ideal solar cell
— cell with series and shunt
0.0 01 02 03 0.4 05 06 07
voltage (V)
C [ )
Cell series resistance is: 1 ohm cm?

C ] )

Cell shunt resistance is: 100 ohm cm?

[}
Concentration: 1 suns
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s Measurement conditions of a photovoltaic cell

= Standard Test Conditions, STC

 Solarirradiance : 1 kW/mz2,

The air mass coefficient defines the direct optical path length
e Airmass: PM 1.5. through the Earth's atmosphere, expressed as a ratio relative
' to the path length vertically upwards, i.e. at the zenith.

 Cell temperature : 25 °C.

= Condiciones de operacion estandar, SOC

* Solar irradiance : 0,8 kW/m2.
 Wind speed : 1 m/s.

* Environment temperature : 20° C.

= Nominal operating temperature of cells, NOCT. (Open circuit).
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Data gathering for IV or PV curve building

®7

The current is similar to measure flow of a river

The voltage is similar to measure slope of a river
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Data gathering for IV or PV curve building

The elements used for measurements are:

Photovoltaic Modelling Introduction 16
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Mathematical Models of the photovoltaic cell:

% 20 e Ideal Cell
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Basic Models

Complex Models
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Key specifications of the PV Panel

¢ I : Short Circuit Current

¢ V,.: Open Circuit Voltage

¢ Ng: Number of cells in series

¢ P... Maximum power

¢ |,,: Maximum power current

¢ V- Maximum power voltage

¢ Normal operating cell temperature (NOCT)
¢ o .. Temperature coefficient of |,

¢ By..: Temperature coefficient of V

21



Basic Models

¢ Matlab Tools

¢ Basic Model in Simulink

¢ Simulink model with Tags

¢ Physical component model

¢ Model advanced component library
¢ Model with real data

Photovoltaic Modelling Introduction 22




Matlab Tools

¢ Curve Fitting Toolbox

>>cftool

>>cftool(V,l)

R2008a

MATLAB’

The Language of Technical Computing

Copyright 1984 - 2008, The MathiWorks Inc.
Pratected by U.5. patents. See . m athiwo s, com/patents

<\ The MathWorks

File  View Tools Window Help

o T e

@[ %S @ |Eee

Data
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01

Select "Data” to begin curve fitting
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Matlab Tools: Curve Fitting Toolbox

Photovoltaic Modelling Introduction

Data Tab
T S

Fit name: ‘ CurvalV |
|

| Data set: [ Ivs. V '] Exclusion rule: l (none) =

Fitting Tab

:

Type of fit: [ Polynomial b ] [] Center and scale X data

Polynomial

linear polynomial i
quadratic polynomial

cubic polynomial
4th degree polynomial
5th degree polynomial

6th degree polynomial -
[] Immediate apply ! Cancel || Apply
Results

T8 = B.135 (8.058, B.20%3) =

Goodness of fit:
S55E: 0.002635
R-square: 1
Adjusted R-square: 0.9%9%

RMSE: 0.02596 E|

4 . ¥

Pata el Index X ¥ Weights
v 1 0 8.13
il 2 2.5 8.13
Weights: (none) 3 5 813
O 4 75 8.13
* 5 10 813
2 6 12.5 8.13
7 15 8.13
8 17.5 8.13
g 2375 7.5
10 244 7.58
11 2458 7.44
12 259 6.75
i E: 306 0
Exclusion rules:
[ (none) V]
Close

@ | Fit name Data set Equation name SSE B

[ Delete fit ][ Save to workspace... ][ Table options... ]

o




fix) = pi*s° + pr*x’ + patx’ + pgtx + pstx’ + ptx +

7
prx" + pe*x + po

p; = 1.536€-009
p; = -1.699¢-007
p; = 7.451e-006
ps = -0.0001679

ps = 0.002085
ps =-0.01407
p; = 0.04677

p; = -0.05706
ps = 8.13

File View Tools Window Help

T i e
e =

NEREIE

[ Data... H Fitting... H Exclude. H Plotting... ] l Analysis...

&L + lvs. V
— Cuva IV
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Basic Model in Simulink
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Simulink model with Tags

Initial conditions

25+273.15

1.8e-12

Temperatura

30.8/50

Ten Circ Ab

Initialization

]
K1

[Tl
T1

[al

q1

FROM

#

LY
¥

Divided

Wt

V, = K*T/q

- oM
Tit\e:l From i Blocks (_S\mulink@)
simulink®
Provide feedback about this
From

Accept input from Goto block

Library
Signal Routing

Description

[» 9

The From block accepts a signal from a corresponding Goto block, then passes it as output. The data type of the output is the same as
that of the input from the Goto block. From and Goto blocks allow you to pass a signal from one block to another without actually
connecting them. To associate a Goto block with a From block, enter the Goto block’s tag in the Goto Tag parameter.

L
Title:i Goto i Blocks (Simulink @)

Simulink”

Goto

Pass block input to From blocks

Provide fesdback about this

Library
Signal Routing

Description

The Goto block passes its input to its corresponding From blocks. The input can be a real- or complex-valued signal or vector of any data
type. From and Goto blocks allow you to pass a signal from one block to another without actually connecting them.
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Inicializacidn

P 0.02672
-
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General equation :

(V+IR,)q
Rsh

5 10 15 20 25 \30 /3
5

K Acti

We always know three points :
1. Short Circuit Current: | = |

SC?

2. Open Circuit Voltage: | =0,

0C

3. The maximum power point: =1, mp
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¢ Complex Mathematical Models

£ : Photocurrent,.

£1,: Reverse saturation current of the diode,
£Rg: Series resistance,

£Rp: Shunt resistance,

£a: A parameter curve fit

© Model of three parameters
g R, (R, —>x)a (I =1.)el,.

© Model of four parameters
9 R, (Ry, >x), a,l el,.

© Model of three parameters
¥ R, Ry, a, 1 el,.

Photovoltaic Modelling Introduction 34




“*Model of three parameters

Unknowns : R, (Ry, =), a, (I, = 1. ) e l,.

. V+IR:s
General Equation: I=1, -1, (e ~ 1)
I

===
e

V. V4V ln(lsc_lmp) azﬁbbcTc-%c+£Ns

ocC mp T a{sc Tc
= SC I - 3
L

mp
Escuela Universitaria de Ingenieria de Vitoria-Gasteiz 35




“*Model of four parameters

Incognitas: R, (R, »>x), a, 1 el

- V+IR;s
General Equation: I=1,—-1, (e T 1)
lgeKs
=1,y V=0 I“=I,_r—lo(e a —1)
Yoc
=0y V=V, 0=Ip—-1I,lea —1
Vmp+impRs
1= 1op Y V=" Vi Lo = Iy, — Ay (e_a - 1)
— ﬁVocTc — Voo + &N;
According to Townsend ar,. T, 5
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“*Model of five parameters

Rsh

(V+IR,)q
I—IL'Io-Le akT _lj_(V-I—IRS)

Short circuit current : 1=1.,, V=0

Open circuit voltage : 1=0,V =V,

At the point of maximum power : | = |

In short circuit: dlg. /dV =-1/Rsh

mp?

Escuela Universitaria de Ingenieria de Vitoria-Gasteiz

V=V_

At the point of maximum power : dP/dV, ;=0

p
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“*Model of five parameters

(V+IR)q
I:IL—IO.{C akT,x —IJ—(V+IRS)

Rsh
bels  IoR,
(1) =Ly~ HEWY — R P(0 ,|SC)
Voc E
(2) Ioc-: 0= ph Ioe"‘SVT - R P(VOC’O)
sh
VmpptimppRs Y 4] R
‘ pp ¥ ‘mppits
B) I =ha= e - TR P (Vg )
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“*Model of five parameters

Vmpp+imppRs—Voc

= &'cRgh —Voc + IgcRg)e ns¥T 1
nVrR, R
(4) dVII—I m'pp VMPP dl /dV - 1/;28?] h Vmpp""lmppﬁs—voc sh dP/dep -0
mpp 1 + Ms (IgcRgh ‘/:,c +IscR e nsVr +£i
nVrRep R,
IseRe—=Vor
MR~V il R e ™ ]
n.VrR R
O) "Rl " Ik di/dV=-1/Rsh
. 14 (IscRsp — Voo + I“_Rs)e nsVT & R,
nSVTRSh RSh
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+*Full model

I=1,-1,. e = -1|-

IscrefRsref I R
screffisref
Lscrer = Ioresr — lorer (e s 1) =

Rsh,ref
Vocref v
0=1Ip,er— lores (e aref — 1) _ Yocref

R sh.ref

Escuela Universitaria de Ingenieria de Vitoria-Gasteiz
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+*Full model

Vmp reftimprefRsref v + R
Ipref = ILrer — lores (e @ref — 1) o - :P:ef sref
SN.re,
d(1v) ; dl )
e | = mp ~ Ymp Sor —
av o AVlmp
—1I, Vmp+impRs 1
dl —2e @  —p—
- a Ry

I OR S Vmp‘*'lmpf? : R

— s
1+ a e Q +Rsh

aV ~0 Vo c,re f - VO c pTc

N

BVoc = ﬁ - . Tr‘f — Tc
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1
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TANR]
I

PV_MPPT_S,
File Edit View Simulation Format Tools Help

DSES& B & 4[| r o pe [ecewr | FeBEs REES®
Closed Loop |

Is21e00rs, PV.Solar.Panel.- Solar Board System. Leyel -
powergui The MathWorks, R2009b
PWM H-Bridge ~ Modulation :
: BOKHzZ 60Hz
‘—Ej - .@j " ’ : E! p<Joriage]
. : |
DC-DC Buck Converter DC-DC Boost J A —
% B Hir;?omc
: ilters
100uF T : DC-AC Inverter :
PV Panel i @B0Hz. 25Vp :
o TLaTv: Converter o
Lookup Table 10 ohms % :: v .
Photovaoltaic _ . '
= DC Measurements
~Generator - contoliers [0 >———») . Inverter

[Vbuck] > Voliage (V) | H

solar] ) Vs :
[Lvsolan e PR ey T [ |
[Isolar] Is
[Isolar]
AC Measurements

Buck Controller

MPPT [Ibuck] »i - e
[Iboost]
Vboost pulses BWNBoosl] e

Boost Controller Power (W)
Pl+Lead Active & Reactive AC Measurements
Power

Inbridge]

DC Measurements

Photovoltaic Modelling Introduction




“*Types of DC / DC converters basic

¢ Boost converter: V| ..4> Viodule
¢ Buck converter: V| .4 < Viodule
¢ Buck-Boost converter: V| .4 Viodute ©F Vioad < VModule
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“*Why do we need to put a converter, for

example between the photovoltaic module
and battery? For example.

PV-TD185MF5 Load

lpy
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“*Why do we need to put a converter, for example

between the photovoltaic module and battery?

e Mitsubishi-TD185MF5

For G = 1000 W/m?2
T=25°

m-
.12V .
En . 0 15 20 ﬁ- 3 35
Voltage (V)

Our efficiency is poor. We need to work near the MPP

Photovoltaic Modelling Introduction
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L D Is

Boost converter

Vs

(1-0)

V, =

In the case of a Boost converter in
continuous driving operating mode,
the relations between the input (Vg
and output (V) variables are given
by Equations

Vioad > Vivodule
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V, =

(1-05)

With de MPPT look for &

5=1-5
Vo
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