Single Diode Equivalent Circuit Models — PV Performance Modeling Collaborative

About Us | Events | PVPMCBlog | ContactUs | Login |
Pe rfo rm a nce A Collaborative Effort Between Sandia National Laboratories and Industry
Aimed at Improving Photovoltaic Performance Modeling

MODELING COLLABORATIVE

Search

Home Modeling Steps System Architecture Applications Member Services Documents PV_LIB Toolbox Nomenclature

¢{ Spectral Mismatch De Soto “Five-Parameter” Module Model »»
A Modeling Steps

# Module IV Curve

= Definitions and Overview

« Effective Iradiance Single Diode Equivalent Circuit Models

= Single Diode Equivalent Circuit
Models Equivalent circuit models define the entire 1-V curve of a cell, module, or array as a continuous function for

= Point-value models a given set of operating conditions. One basic equivalent circuit model in common use is the single diode

model, which is derived from physical principles (e.g., Gray, 2011) and represented by the following circuit

for a single solar cell:

(‘D Rsn v

The governing equation for this equivalent circuit is formulated using Kirchoff’s current law for current [:

I:IL_ID_IJJA
Here, IL represents the light-generated current in the cell, Iu represents the voltage-dependent current
lost to recombination, and I‘m represents the current lost due to shunt resistances. In this single diode

model, IJ'_J is modeled using the Shockley equation for an ideal diode:

V +1IR,
I;_J = In [CK]) (W) —_ 1:|

where 71 is the diode ideality factor (unitless, usually between 1 and 2 for a single junction cell), In is the

saturation current, and VT is the thermal voltage given by:

KT
q

where [. is Boltzmann’s constant [1,381 w1~ .]/'K) and {f is the elementary charge
(1.602 x 1012 Q).

Vp =

Writing the shunt current as {,;, = [V + IRg) ’:’Rm and combining this and the above equations results

in the complete governing equation for the single diode model:

Vi+ 1R, V+ 1R,
1=t o (i) <] -

The five parameters in this equation are primary to all single diode equivalent circuit models:

o [} : light current (A)

. In : diode reverse saturation current (A)
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o R_! : series resistance ({})
o R : shunt resistance ((})

e 711 : diode ideality factor (unitless)

For a photovoltaic module or array comprising N__, cells in series, and assuming all cells are identical and
under uniform and equal irradiance and temperature (i.e., generate equal current and voltage),

I{]’M}Lilli £ = f:r_'ﬂ and .l;:J'MJ(.EH-!I’_' = N-! x E:r.'“

The single diode equation for a module or array becomes (Tian. 2012):

I —In 1 Vie + Iy N.R, Vi + Iy N.R,

M =1dr— 1o [cxp ( N Ve ) = ] — N.R.

where IM and VM are the current and voltage, respectively, of the module or array. Care should be taken
when implementing model parameters, as they are either applicable to a cell, module, or array. Parameters
for modules or arrays are strictly used with the single diode equation for [, which is the more commonly
implemented form.

In some implementations (e.g., De Soto et al., 2006) the thermal voltage Vj diode ideality factor 11, and

number of cells in series N# are combined into a single variable ¢t termed the modified ideality factor:

NnkT.
—q .

L
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The following equivalent circuit module models are described. These models have been proposed with
different sets of auxiliary equations that describe how the primary parameters of the single diode equation
change with cell temperature and irradiance. Module models, or those with parameters applicable to a
module using IM' are examined here instead of those for cells or arrays because module models are the

basic performance models used for modeling arrays in PV modeling software packages.

. to “Five-Parameter” M le M 1

e PVsyst Module Model
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= De Soto “Five-Parameter” Module

Model The De Soto model (De_Soto et al., 2006), also known as the five-parameter model, uses the following

equations to express each of the five primary parameters as a function of cell temperature In and total

= PVsyst Module Model
el ez absorbed irradiance §':

5 M
o IL = S‘_r_,Jr ﬂ.{fn_.f [IL_rr_-f + Cifge [I - T:_'_rr_'f:]]
T;. s 1 -E_r; [Trr:f) Er; [ 1’)
In N In-"'—'f I—rrf o I Trr.'f B p
° Er; [I) = Er; [Trr:f) [1 — 0.0002677 [I - Trr:f)]

« R, = constant

Srr_'f
° Rafﬂ = R.uh.rr.'fT

° 11 = constant

Absorbed irradiance, §, is equal to POA irradiance reaching the PV cells (including incident angle reflection
losses but not spectral mismatch). In each equation, the subscript “ref” refers to a value at reference
conditions. In De Soto et al., 2006, the modified ideality factor it is used, and expressed as a linear function

of cell temperature T_, which is equivalent to a constant diode ideality factor 713.

Af. termed the “air mass modifier”, represents the spectral effect, from changing atmospheric air mass and
corresponding absorption, on the light current. ){ is the polynomial in air mass from the Sandia PV Array
Performance Model (SAPM). The term ¥y . is the temperature coefficient (A/K) of short-circuit current, set

equal to the temperature coefficient of the light current.

The term EH [I) is the temperature-dependent bandgap (eV); given as the simplified first order Taylor
series of the experimental bandgap temperature. The empirical constant 0.0002677 is representative of
silicon cells at typical operating temperatures, and it is used for all cell technologies.

The primary advantage of the De Soto model is that its parameters can be calculated from data given on
module manufacturer datasheets.
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= De Soto “Five-Parameter” Module

Model PVsyst is a software package for modeling complete photovoltaic systems including PV modules, inverters,

energy storage, and electrical connection components. PVsyst employs a single diode module model with the

= PVsyst Module Model k i .
following ancillary equations:

5

Srf_'f
Note: in the PVsyst User’s Guide, II’H’ (5, and .. are used to denote the light current,

IL = [IL-”-'f + ".II-‘!C [I - T:'r_f)]

absorbed irradiance and temperature coefficient of L_“__, where we use IL- S and ¢k, respectively for these

quantities.
: 3
Iy = Lovey L exp 4k, _1 — i
T::_rr_'f ﬂ"l'-.' Trr_'f T
Note: in the PVsyst User’s Guide, ¥ is used to denote the diode quality (ideality) factor where we use 3.

The term E” is regarded as constant and values are provided for various technologies (e.g., 1.12 eV for

cSi) in the PVsyst User’s Guide.

R, = constant and

S

R#h = Rah.rr:f + [Rah.n - R#h.rr.'f)cxp _Rah.r::.p ,;;_
e f

Note: in the PVsyst User's Guide, i, ye s is written as iy, (S, 5 ) and f gy, g is written as B, (0); Ry,

is a function of irradiance S, and R f is the value of the shunt resistance at the reference irradiance

sh.re

Srr_' f-

The term R_,,h_r_,xp is a constant, with values given in Mermoud and Lejeune, 2010 for CdTe (2.0), micro-
crystalline silicon (3.0), and all other module technologies (5.5).

The PVsyst User’s Guide provides an option to use a temperature-dependent diode factor expressed as:

n =1y + Mo [T; - Trr.'f:]

For amorphous modules, PVsyst modifies the single diode equation to account for recombination losses { ...

I= IL - I.D - Iah - Irr.'f.'

by modeling them as a controlled current drain as represented in the following equivalent circuit:
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The recombination current [,

o
megs [Vie — (V + TR,

Inclusion of this current sink changes the standard single diode equation to:

& } , [ (V+m) 1] V + IR,

mep Vo — (V + IR |7\ R

where ,-.{'& is the thickness of the intrinsic layer that separates the p and n junctions, 'HM is the voltage
potential across the intrinsic layer, and . ¢y (ﬂ_qr(;ff in the PVsyst User’s Guide, and #7¢ff in Mermoud
and Lejeune. 2010 ) is the effective diffusion length of the charge carrier. In implementation,V}; = (.9 V
per junction and the combined quantity ;f}:',f;m_r:”- =1.4 VY are regarded as constant in the PVsyst User’s

is governed by:

j—rr:f: = IL

I:IL 1—

Guide.
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