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ABSTRACT This paper introduces INEP PVSim, an offline application designed for teachers, students,
and engineers to evaluate the behavior of photovoltaic (PV) modules. The application features a user-
friendly interface that allows the simulation of [-V and P—V curves under different climate conditions,
enabling real-time modification of parameters such as solar irradiance and temperature across a much
broader range than typically provided in manufacturer datasheets. INEP PVSim is developed as
free Python-based code and offers significant educational potential in the field of Power Electronics,
as analyzing the impact of parameter variations on PV generation is often a challenging task with
direct implications for power converter design. In addition to presenting the application, this paper
also formalizes, in a single document, the equations and methods adopted for the implementation of
the one-diode model, providing an accessible yet accurate platform for both learning and practical

analysis.
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I. INTRODUCTION

In recent years, photovoltaic (PV) generators have emerged
as one of the leading sources of renewable energy, driven by
advancements in power electronics and simulation tools that
enable the design of optimized systems. The high penetration
of photovoltaic generation in the power system is mainly
motivated by the global effort to reduce carbon emissions and
achieve sustainability targets, while also benefiting from its
status as the most cost-effective solution in many applications
(1].

Accurate modeling of PV modules, particularly through
tools that simulate current-voltage (I-V) curves, plays a key
role in understanding the impact of environmental and
operational conditions on PV performance. Such tools
provide valuable insights, not only for educational purposes
but also for practical engineering applications, as they
illustrate the real-world behavior of PV modules.

Beyond design and performance optimization, the analysis
of I-V curves is an insightful tool for evaluating the health of
photovoltaic modules under real operating conditions. Its
shape and variations enable the identification of faults and
aging effects that compromise system efficiency, allowing
the diagnosis of issues such as increased series resistance,
short-circuited bypass diodes, local shading, and potential-
induced degradation. I-V curve tracers capture these
characteristics throughout the module's lifespan, delivering
critical data for predictive maintenance and monitoring of
module integrity, as detailed in [2].
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To effectively represent these characteristics in a
manageable format, the one-diode model has become widely
adopted. Known for its sufficient accuracy, this model can
represent the electrical behavior of PV modules using a
simple electrical circuit with solar irradiance and temperature
as inputs [3], [4]. As a tool for engineers and researchers, it
supports both practical applications and theoretical analyses
of PV performance [4]. However, teaching the principles
behind the one-diode model can be challenging due to the
complexity of the parameters involved [5].

The development of models to predict the electrical
behavior of PV power plants has a significant impact on the
field of Power Electronics, as variations in PV generation is
usually considered during the design of power converters. In
Power Electronics, simulation tools have already been widely
used in advancing the teaching and understanding of
concepts. Early developments [6] laid the groundwork with
interactive web-based seminars utilizing Java applets to
demonstrate key principles, effectively engaging students and
enhancing their comprehension of complex topics.
Subsequent work [7], [8] refined these methods by
introducing circuit simulators specifically designed for
interdisciplinary education, enabling students from diverse
engineering backgrounds to explore power electronics
through simulation tools.

Similarly, as the complexity of PV systems grew,
researchers sought more precise and computationally
efficient methods to improve these models. In [9], an
effective method for extracting parameters from I-V curves is
proposed, which significantly enhanced the precision of

1


https://creativecommons.org/licenses/by/4.0/
http://doi.org/10.18618/REP.e202549
mailto:matheusmms.eel@gmail.com
mailto:victorgruner@gmail.com
mailto:thiagofrech@hotmail.com
mailto:tailan_orlando@hotmail.com
mailto:kevin.costa@uni-kassel.de
mailto:friebe@uni-kassel.de
mailto:kirsten.andre@ufsc.br
mailto:roberto@inep.ufsc.br
https://orcid.org/0000-0001-8257-7580
https://orcid.org/0000-0003-0710-7815
https://orcid.org/0009-0000-6818-0974
https://orcid.org/0000-0002-0541-5702
https://orcid.org/0009-0003-2743-7739
https://orcid.org/0009-0008-4333-3661
https://orcid.org/0000-0002-1016-3909
https://orcid.org/0000-0003-2640-3329
https://orcid.org/0000-0001-7347-5320
https://orcid.org/0000-0002-4672-0885
http://crossmark.crossref.org/dialog/?doi=10.18618/REP.e202549&domain=pdf&date_stamp=2025-08-26

Silva et al.: Introducing INEP PVSim: A Free Offline Application to Assess the Effects of Parameter Variations on the |-V Curves of Photovoltaic Modules

simulations. Meanwhile [10] and [11] introduced analytical
approaches that further refined the model's accuracy while
simplifying its practical application. These advances
addressed one of the main challenges in PV simulation: the
non-linearity of the one-diode model.

The non-linear nature of the equations in the one-diode
model requires sophisticated numerical methods for their
solution. In this context, the optimization techniques
developed in [12] and [13] improve the fitting of [-V curves,
ensuring that simulated data closely match real-world
performance. By combining algorithms like Newton—
Raphson with heuristic approaches, researchers have
achieved more accurate and faster parameter estimation.

Moreover, recent studies have focused on incorporating
environmental factors such as temperature and irradiance into
PV modeling. For instance, [14] examined the effects of
temporal and environmental variations on PV performance,
further enhancing the practical utility of these models for real-
world applications, while [15] applied hybrid numerical
methods to achieve faster and more accurate simulations. In
parallel, industry-standard simulators such as PVSyst [16]
and SolarPro [17] have become widely adopted for designing
and optimizing PV systems, enabling engineers to simulate
performance under varying operating conditions. However,
despite their effectiveness for professional use, these
platforms are often complex and not ideally suited for
educational purposes.

These limitations encouraged the development of INEP
PVSim, which addresses the gap between industry-level
simulators and educational tools. While it does not aim to
replace advanced design software like PVSyst, it offers a
more accessible platform for students and engineers to grasp
the fundamentals of PV module behavior. Featuring an
intuitive interface and real-time simulation capabilities, it
greatly enhances the learning experience by allowing users to
examine the effects of parameters like irradiance and
temperature on PV performance.

This paper not only advances the evolution of I-V and P-V
curves simulation by introducing a tool that merges
educational value with practical utility but also formalizes in
a single document the equations and methods adopted to
model the one-diode-model.

Il. 1-VCURVE AND MATHEMATICAL MODELING

The one-diode model allows the electric representation of a
photovoltaic (PV) module by the circuit illustrated in
FIGURE 1. In this circuit, /p; is the photogenerated current,
R, is the series resistance that represents the electrical contact
losses and R, is the parallel resistance that models the leakage
current losses of the PV module, whereas D is the diode
that models the semiconductor properties. The quantities V.,
and 1, are the output voltage and current, respectively.

R,
>
+ vl I ep I,, +

1P/1 Vj_) D RP Vp\'

FIGURE 1. One-diode model that represents a photovoltaic
module.

Evaluating the circuit by means of the Kirchhoff’s laws,
results in:

[pv =Ipp —Ip — Igp, (D

VD = V;Jv + Rslpvy (2)
Vp _ Vpu+Rslpy

Ipp === "—-"F—. 3

R =2 =2 3)

From (1) it is noted that /,, can be described as a function
of Ips, Ip, and Igp. Since Izp has already been defined in (3),
only /p; and Ip remain to be determined. The photogenerated
current /p; depends on the solar irradiance G and the
temperature 7 to which the photovoltaic module is subjected,
and can be represented by [4]:

G
Ipn = zsrelpn  [1+ (T =TS9,

“)

where the superscript term "STC" represents the parameter in
question found at the datasheet under standard test conditions,
and a is the thermal coefficient of Isc provided in the PV
module datasheet.

Additionally, the current ID across the diode can be
rigorously approximated by the Shockley equation [8]:

avp
I =1, (e - 1), (5)

where k=1.38x102J/K and q=1.602x10""°C are the
Boltzmann constant and the elementary charge, respectively,
whereas A4 is the ideality factor of the diode and I is
its saturation current. In practice, I is related to the thermal

ionization at the pn junction and depends on the
temperature 7
ste (_T_\? nquG( : ‘1)
s = 1576 () e Ak ST, ©6)

In (6), n,s is the number of cell connected in series that
compose the PV module and E¢ is the semiconductor gap
energy, which can also be described as a function of the
temperature 7' [9]:

k,T?

Eg = Ego — T+k,

) Q)

where the coefficients k1 =4.73x10-4 eV/K, k2 =636 K,
and EG0 = 1.166 eV are specific for silicon cells.

By substituting (7) into (6), and the obtained result in (5),
it is possible to write the complete equation for ID:

3 Rslpy+Vpy s k,T? 1 1
I, = ISSTC< Z;C> <eq( fk; o) - 1) ez_lg(EGo—Tikz)(TSTc‘—f).
T
)

Finally, substituting (3), (4) and (8) into (1), an equation to
describe the relationship between I[,, and V,, of the
photovoltaic module can finally be derived:

G
Ipy = —sre ln [1+ a(T = T5T)] =
3 [ a(Rslpv+Vpv) nsq(p  _kiT?) 11
17 () (5 ) e RN
Rslpy+Vpy
Betpetpr ©9)

p

Equation (9) has five unknown variables: 4, I3£¢, I3T€, R,
and R,. Finding a correct solution for these parameters
requires knowledge of five equations that relate to them. The
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procedures for obtaining these five equations are explored in
the next section.

lll. SYSTEM OF EQUATIONS TO DETERMINE THE
REMAINING FIVE PARAMETERS

To obtain the system of equations mentioned above, it is
necessary to analyze the operation of the photovoltaic
generator from different perspectives. First, let’s assume that
the PV generator is operating at the standard test conditions
(G=G5and T = T 57¢), as these are the conditions under
which the PV module is characterized in the datasheet. With
this assumption, (9) can be simplified as:

I _ JSTC
pv — ‘Ph

- I$7¢ (e% - 1) S LIALLUT))
R

Three operating points of the I-V curve under standard test
conditions are provided in the PV module datasheets. From
these three operating points, three of the five required
equations can be obtained to describe the module operation at
the short-circuit, open-circuit, and maximum power point
conditions.

In short-circuit operation, the voltage Vpv measured
between the PV module terminals is null, and the current /,,
is the short-circuit current 157, In open circuit operation, the
voltage V, is the open- 01rcu1t voltage V,3T¢, while the current
1,,1s equal to zero. Finally, at the maximum power point, the
voltage ¥,y and the current ,, assume the values V3¢ and
I3k, respectively. The substitution of these operating points,

one by one, into (10), allows writing:

aRsISEC R.ISTC
ISTE — ISTC [ @arTSTC — 1) — 255 = (11)
s Rp }
qVSTC VSTC
ISTC I5TC | earTSTC — 1 %€ — 0 (12)
N Rp >
STC
qRsIg; R ISTC + VSTC
—EE sim m
ISTC ISSTC (eAkTSTC —1]= P P _ 151;10 =0.
Rp

(13)

The fourth equation is obtained by inspecting the P-V
curve, which reveals that the derivative of the PV output
power in respect with the voltage is null at the maximum
power point, as shown in FIGURE 2. Therefore, using the
Fermat’s Theorem on Local Extrema, we can obtain an
equation to describe this condition:

dPpy
AVpy

(14)

Vpo=VimpC =0.
Ipp=Ingt

Now, using the relation P,, = V}ul,, and knowing that 1, is
defined in (10), it is possible to write:

Q(Rslpu+vpv)>

dPpy _ d

=—|V
AVy

AKTSTC
v
Avpy | P

P

2
_ ReVoulpy+Vis
Rp

(15)
To solve this last equation, it must be considered that the
current /,, is not constant in respect to the variations of V),

With this information, we apply the relation 1,,= P, /V,, in
(15) to solve the derivative implicitly, obtaining:
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Rslpp+V
STC Zva STC_,;STC q(V”” Rslpy 7( > vaTéW)
ph et IS T C IS TC 14— et akr
dPpy Rp AKT (1 6)
avpy stc (Rslpp+Vpv)

Rs qRslpy q

148 + AKTSTC

AkTSTC

In addition, we apply the constraints of (14) into (16) to
find the fourth equation of the system:

2 STC
ML ISTC
R
STC

ST STC

a(ViSTC-R ISTC) a(RsIFHS +Viy )
mp s'mp AkTSTC
AkTSTC

ISTC

I57¢ [1 (17)

/ o
, L : >V,

FIGURE 2. P-V curve with indication of the maximum power
point.

Finally, the fifth equation is obtained by inspecting the
I-V curve of FIGURE 3, which evidence that the derivative
of the PV output current in respect with the output voltage, at
the short-circuit operating point, is negative and inversely
proportional to R,.

I
[sr ____________
N e
dl, _ 1
av, R,

>V

pv

FIGURE 3. I-V curve with indication of the short-circuit operating
point.

This last equation can be derived by the analysis of the one-
diode model at the short-circuit condition, as presented in
FIGURE 4.

() v,»057p [ |R

FIGURE 4. One-diode model at short-circuit condition.

As can be observed, the voltage on the diode is equal to the
voltage drop across the resistor R, (Vp = Rsly). Since Ry is in
the order of milliohms, Vp is too reduced to bias the diode,
which remains blocked. Therefore, around the short-circuit
operating point, the slope of the I-V curve is majorly caused
by the leakage current flowing through the parallel resistor
R,. As a result, it is possible to conclude that the rate of
variation of the current /,, in relation to the photogenerated
voltage Ipvis given by:
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dlpy
AVpy

(18)

Vpp=0 = Ry
—jSTC
Ipy=Isc

To obtain the derivative of /,, with respect to V},,, we use
(10), such that:

dl
v _ ISTC — 7€ (¢
dvp,,

AVpy

AkTSTC

q(RsIpy+Vpy)
e _ 1)

_ Rslpy+Vpy
Rp

(19)

Again, using implicit derivation and applying the
restrictions of (18), it is possible to obtain the fifth and final
equation:

STC STC
als" “Rp(Rs—Rp) eAkTSTC =0.

Ry + AkTSTC

(20)

Finally, (11), (12), (13), (17) and (20) may be grouped in a
system of equations whose solution leads to the five unknown
parameters: A, I51°, [T, Rs and R,,:

qRgISTC R ISTC
Igzc _ ISSTC (eAkTSTC — ) sc IsScTC =0,
Ry
vSTC VSTC
Ig’TI‘C _ I§9TC (eAkTSTC — 1) = O,
Ry
RIhE +VinkC STC STC
Igzc — sTe (eq( AkTSTc ) 1) _ Rylnp’ + Vinp —ISTC =
Ry
src STC _ STC RIShE +VEE
ISTC _ 2Vn Isrc Isrc 1+ q(V Rl ) (I(Tsrc) =0
n v AkTSTC
ISTR (R, — R qIsr¢
R+ aIFT Ry (Rs — Ry) eAakTSTC = (),

AkTSTC

As can be noted from the presented system, the equations
are non-linear, so it is necessary to use numerical methods to
solve them. To run these numerical methods, proper initial
values need to be assigned to the unknown variables, so that
the convergence is achieved with a smaller number of
iterations. To obtain the initial values of the series and parallel
resistances, the [-V curve may be approximated by means of
two straight-line segments, as shown in FIGURE 5.

Al
ISTC

STC
I; mp

=
VSTC - VPV
oc

V.SI(,

mp

FIGURE 5. Approximation of the I-V curve by means of straight-
line segments to determine the initial values of R and R,.

Considering that the slope of the straight line to the left of
the maximum power point is caused by the leakage current
through Rp, and that the slope of the straight line to the right
of the maximum power point is caused by the voltage drop in
Rs, one can write:

VSTC VSTC
Rso = st 21)
mp
V".;'lTC
R P (22)

po = 1STC_ ,sgc

Additionally, the initial value of the photogenerated

current I51S can be approximated by the short-circuit current

4

itself, since in the short-circuit condition shown in
FIGURE 4, the diode is reversely biased and the current
flowing through Rpcan be neglected. Thus:

ISTC

STC
pho = Isc -

(23)

The next initial condition is the emission coefficient A.
This coefficient is dimensionless and ranges from 1 to 2 to
each solar cell. Therefore, considering that a PV module is
composed by #; cells associated in series, it is fair to infer that
ns < A <2n;,. For simplicity, the lower limit is adopted:

A, =7, (24)

Finally, we can approximate the value of I37¢ on the scale

of nanoamperes, since this is the typical magnitude of the
reverse saturation current of silicon junction diodes. In light
of this, it is assumed that:

IS¢ = 1 nA. (25)

A. MODEL VALIDATION

After determining the initial values of the quantities related
to the model, an iterative method can be employed to solve
the system of equations and obtain their final values. The
study of algorithms for the numerical solution of non-linear
systems is not within the scope of this paper. A script
developed by using Python software was used for obtaining
preliminary results. Based on this script, the five parameters
of predefined photovoltaic modules with 36, 60, and 72 cells
connected in series were determined and are shown in
TABLE I.

TABLE I. Predefined modules parameters.

Parameter | VEI36PV [18] | TSM-PC05A [19] | HiS-S350TI [20]
Py 150 W 250 W 350 W
s 36 cells 60 cells 72 cells
IpSTC 8.841 A 8.790 A 9.601 A
157¢ 88.35nA 2.040 nA 31.73nA
A 47.67 66.67 93.89
R, 109.6 mQ 343.8 mQ 183.9 mQ
R, 830 Q 7.032 kQ 2.59 kQ

Now it is possible to replace the parameters of TABLE I in
equation (9) and plot the I-V curve of the respective module
(or the array) for different values of solar irradiance and
temperature. As preliminary results, Figure 6 presents the
I-V curves for the three modules whose parameters are
summarized in TABLE 1. Readers are encouraged to verify
the validity of the models by comparing the curves in
FIGURE 6 with those found in the respective PV module’s
datasheet and confirm that the errors are negligible.

Eletrénica de Poténcia, Rio de Janeiro, v.30, 202549, 2025.
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FIGURE 6. I-V curves obtained under standard test conditions
(STC) and nominal operating cell temperature (NOCT) conditions
for the predefined photovoltaic modules described in TABLE I:
(a) VE-136PV; (b) TSM-PCO05A; (c) HiS-S350TI.

B. APPLICATION DEVELOPMENT

The application focus of this paper was developed using
the Python programming language in conjunction with
libraries that were helpful in the process. As a base, the
Tkinter library was used to shape the application, its
windows, and buttons.

To solve the system of equations, an algorithm written in
the Python programming language was used. To use this
algorithm, and the Python module "subprocess" were
employed. With the help of these libraries, the main code can
receive the results of the algorithm, which is processed.

For modeling the I-V curve, the presented equations are
implemented in a recursive way, using loops iterating each
point of the curve. The used iteration variable was the voltage
in the module terminals, ¥}, which increases with a step of
0.1 V.

For each step, the current /,,, is calculated according to (10),
until the value of V), becomes equivalent to the open-circuit
voltage V.., at which point the current /,, becomes zero and
the loop ends. This results in the I-V curve plot of the module
under evaluation. Through the I-V curve it is also possible to
plot the P-V curve just multiplying each value of I,, by the
respective value of V). For visualization purposes, the P-V
curve is multiplied by a scale factor before being shown in
the graph.

The Matplotlib library was used to plot the I-V curve, as
well as the sliders that change parameters such as the

Eletrénica de Poténcia, Rio de Janeiro, v.30, e202549 2025.

temperature (7) and solar irradiance (G). Dotted lines have
also been drawn over V,, and I,,, which indicate the
quantities of the module at the maximum power point.
Similar lines have additionally been drawn over the /i and
Voc values.

Something important to note is that the module's open-
circuit voltage V,. and short-circuit current /. are sensitive to
the operating temperature 7, whereas I, also varies with the
solar irradiance G. Therefore, when modifying G or T by
means of the sliders, the following equations are employed to
update the related output variables:

Iy =

—re [STE[1 + a(T — T5T9)], (26)

Voo = Voe €[1 + B(T — T*T9)], 27)
where o and B are thermal coefficients of the short-circuit
current and open-circuit voltage, respectively. They can be
found on the photovoltaic module datasheet.

IV. RESULTS

The main result of this research is an easy-to-use
application that can have a major impact on demonstrating
the influence of climatic and structural parameters on
photovoltaic generators in an intuitive way.

For comply with this objective, the application has a home
screen named “PV Calculator”. When clicking on “start” the
users are introduced to the “Mode Selection” screen depicted
in FIGURE 7, for where they can define whether they want
to enter the parameters of a specific module or select an
example module to have the curves plotted.

The “Predefined Modules” screen has some examples of
predefined photovoltaic modules, which do not require
any data to be entered in order to have their curves plotted,
making it easier for a user who wants to inspect them
quickly and test the application's functionality, as shown in
FIGURE 8. The modules showcased on the “Predefined
Modules” screen are the V-Energy VE136PV, Trina Solar
TSM-PCO5A and Hyundai HiS-S350TI, referenced in [5],
which have the features described in TABLE 1.

Additionally, the “Parameters” screen illustrated in
FIGURE 9, allows the user setting the parameters input for
plotting the curves of the desired photovoltaic module. In this
case, the user only needs to enter the data found on the
module's datasheet.

After entering the parameters or choosing the desired
example module, the user has access to the I-V (in red) and
P-V (in green) curves of the photovoltaic module, including
the sliders for changing parameters and the indication of lines
above the maximum power point, in accordance to
FIGURE 10, where the x-axis is defined in volts (V) and the
y-axis in amperes (A). As already mentioned, for
visualization purposes the power is not on the original scale,
so it is not appropriate to graphically measure its value along
the curve. By changing the position of the sliders, the curves
are adjusted in real time according to the applied change. An
example of curve updated by the sliders is illustrated in
FIGURE 11.

The flowchart for the curve’s calculation is depicted
in FIGURE 12. Initially, the interface requests and stores
the parameters of the PV module provided from the user in
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variables. After this, Python's subprocess modules
are employed to solve the system of equations and return
the calculated parameters to Python variables. With the
parameters entered by the user and those calculated
by the Python code, it is possible to proceed to the curve’s
calculation.

The equations that do not require any iterative process are
calculated first, which are equations (4), (6) and (7).
Subsequently, lists are created in which the current, voltage
and power values will be stored to form the I-V and P-V
curves. Next, the equations (2), (3) , and (5), which require an
iterative process, since the I,, equation is recursive, are
solved. The process starts with an iterative loop using the
voltage V. as the iteration variable, which is incremented at
each iteration by 0.1 V. Every iteration, the values of /,, are
calculated by (9), then I, Vv and P,, values are stored to
form the curves. The loop continues until the value of 7,
reaches the short-circuit voltage V,., at which point the curve
is finalized. The plot of the list of points is accomplished
using the Matplotlib library.

Once the loop is completed, the [-V and P-V curves are
displayed on the screen and can be modified using sliders that
adjust the parameters 7, G, Ry, Ry, 4, I, and I, enabling real-
time curve updates. When a slider is moved, the values of V.
and /. are recalculated according to the modified parameter,
and the code returns to the step where the non-iterative
equations are evaluated. The iterative process is then
repeated, updating the curves accordingly.

L0 PVSim = X

Mode Selection

Predefined Modules

FIGURE 7. Main screens of the application: (a) image of the
application “home screen”; (b) image of the application “mode
selection” screen.

L PVSim — X

Predefined
Modiiles

FIGURE 8. Image of the application “Predefined modules”
screen.

o2 PVSim = X

Parameters

g

Get Parameters ‘

FIGURE 9. Image of the application “Parameters” screen.

I-V Curve — Hyundai: His-S350TI

Pmax = 348.77 W Isc = 9.60 A Voc = 47.20V
Imp = 8.99 A Vmp = 38.80 V
[ EED T=25°C
— 10 —)
[ = e 330 G = 1000 W/m?
i ——
> 5
=3 k264 Rs = 0.1839 Q
ol : —)
i Ligs Rp = 2000 O
E “ N SEE A=9389
2 24 H |
g_' © r%  Iphstc=9.60A
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FIGURE 10. Image of the curves generated by the application.

®
Eletrénica de Poténcia, Rio de Janeiro, v.30, 202549, 2025.


https://creativecommons.org/licenses/by/4.0/

Special Issue

I-V Curve — Hyundai: His-S350TI

sc = 5.58 A Voc = 50.30 V
Pmax = 220.43 W s =5 5
Imp = 5.22 A Vmp = 42.20V
H L431 T=43°C
- 101
< L3sg  G=700wm:
> g —
2 287 Rs=011940
—t
64 ;
........................................................... cinb215 Rp=15000
- —
g o
= [144 A=97.20
> | : : —
E_‘ : rz Iph_stc = 7.91 A
0 y ¥ y — 0 s stc=430x 1094
0 10 20 30 40 50 _stc = ‘
Vpv (V)

FIGURE 11. Image of the curves generated by the application,
with modified sliders.
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FIGURE 12. Flowchart of the algorithm used in the application.

V. CONCLUSION

This paper has introduced the INEP PVSIM, an offline
application designed for teachers, students, and engineers to
evaluate the behavior of photovoltaic (PV) modules. Through
the developed application available for desktop, it is possible
to intuitively analyze the influence of parameters 7, G, R
and R, on the I-V and P-V curves of photovoltaic modules,
requiring only the datasheet information entered by the user.
This application has great potential to be applied in
educational way, to demonstrate to the students how
parametric and climatical variations affect photovoltaic
generation curves.

Eletrénica de Poténcia, Rio de Janeiro, v.30, e202549 2025.

In the future, the tool could be enhanced to include
additional features related to the operation of photovoltaic
modules, or to analyze the performance of the same module
under different operating conditions. The application is freely
available for download at:

https://inep.ufsc.br/2025/06/04/inep-pvsim-a-free-offline-
application-to-assess-the-effects-of-parameter-variations-on-
the-i-v-curves-of-photovoltaic-modules/.
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