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 This paper presents a concise review of solar (photovoltaic (PV)) and wind 

(horizontal axis) energy systems, focusing on their modeling and simulation 

using MATLAB)/Simulink. The advantages, disadvantages, strengths, and 

weaknesses of each system are discussed, providing a comprehensive 

overview of their characteristics. The review explores the mathematical 

modeling approaches for PV cells and modules specific for single diode 

model, as well as horizontal-axis wind turbine systems, highlighting the key 

equations and parameters involved. Furthermore, the paper discusses the 

emerging trend of hybrid solar-wind energy systems and their potential for 

optimizing power output, efficiency, and reliability. The review emphasizes 

the importance of accurate modeling based on fundamental knowledge, 

which serves as a practical implication for readers to understand the 

mechanism. Future research directions and challenges in the field of 

renewable energy modeling and simulation are also outlined. This review 

serves as a valuable resource for researchers, engineers, and decision-makers 

involved in the development and implementation of solar and wind energy 

systems. 
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1. INTRODUCTION 

Energy is an important aspect for living beings as it is the basis for doing all kinds of activities. 

Humans, especially, have used energy since the prehistoric era for heating and lighting using fire sources. 

After the technological revolution, marked by the use of the steam engine, energy was used more  

frequently [1]. Now, with the rapid demand for energy resources, the use of fossil fuels as one of the most 

dominant sources due to their output characteristics has become depleted significantly [2], [3]. Hence, an 

alternative is proposed, which is using renewable energy. Renewable energy is an efficient source that can 

meet the requirements of the environment, and energy is also considered clean by reducing CO2 emissions 

only if it surpasses a certain threshold of renewable energy consumption [4]–[6]. Examples of this energy are 

solar energy, wind energy, hydropower energy, geothermal energy, biomass, ocean thermal energy,  

and tidal energy. 

The significance of renewable energy is that it produces electricity that will supply the energy 

demand needed. The other advantages of renewable energy in general are its availability, land usage, safety 

(minimizing the risk of man-made disaster), development of technology, employment, environmental 

friendliness, and reducing fossil fuel dependency [4], [7], [8]. It will also help supply energy to 
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underdeveloped areas [4]. However, the disadvantage of these sources lies in power production due to 

weather conditions (unpredictability and volatility), low efficiency, and/or the presence of reserves that will 

provide energy when energy deficiency occurs [4], [8]. The limitation can be countered by carefully planning 

and selecting specific renewable energy choices. Hence, the phase of research and design becomes one of the 

important parts due to the need for complementary studies, designing, and testing. 

A strategic way to support the development of renewable energy in the research phase is to use 

energy models, as they help in providing suitable designs for decision-making [9]. The method used, 

namely simulations, has become a powerful tool to create virtual experiences as the answer to  

real-physical performance [10]. It acts as a replication, linking theories and experimental investigation 

based on systems, processes, and laws for random known parameters [10]. In the case of renewable 

energy, simulation enables people to analyze the estimated results before directly installing systems to 

reduce losses such as cost, time, and quality, as well as consequences such as environmental damage. 

Many types of renewable energy implementations use simulation before implementation. In the future, the 

era where renewable energy must become the main source, solar and wind energy have become the top 

choices for utilization. This is due to the popularity of both sources that have been implemented and their 

huge potential compared to other renewable energy sources (solar by 8,300 TWyr and Wind energy by 

1,500 TWyr) [11]. With the capacity generation for both types increasing, uncertainties with the 

availability of the supply must be carefully considered to avoid system reliability quality loss or even 

power outages [12]. Thus, detailed planning must be done to assess how far the systems can reach the 

desired output comparable to the potential. 

Since simulation acts as the key step in the planning stages, it is important to see how the solar and 

wind energy implementation will result. Solar energy systems mainly consist of several parts, including 

models of photovoltaic (PV) cells and modules, storage systems, trackers, direct current to direct current 

(DC/DC) converters, and inverters. Several elements that affect the final output of the system include rated 

power, cell internal resistance, operating voltage and current, short circuit current, and open circuit  

voltage [10]. For wind energy, the whole system may consist of a turbine system, generator, and electronic 

power system. Not to mention that, each system has reciprocating complex subsystems such as blades, 

nacelle, and rotor. With unsupportive weather conditions, the complexity of both energies undoubtedly poses 

the potential for inefficiencies and losses. Therefore, the use of simulation may significantly help in 

suggesting the outcome under simulated conditions based on physical world behavior. 

Several simulation software used for energy modeling includes retscreen expert (RETSCREEN), 

PVsyst, hybrid optimization of multiple energy resources (HOMER), power systems computer aided design 

(PSCAD), dynamic modeling laboratory (DYMOLA), power system simulator for engineering (PSS/E), 

thermal library (ThermoLib), open analysis platform for real-time laboratory verification (OPAL-RV), and 

MATLAB. MATLAB is programming, analysis, and computation software for mathematics and engineering 

purposes with matrices as the basis [13]. This software is used to support scientific programming using 

toolboxes such as Simulink.  

Several advantages of this software compared to others are its flexibility and customization  

(block-based environment), advanced control system design, hardware-in-the-loop (HIL) simulation for 

hardware integration, and availability for co-simulation. Simulink can simulate the energy system that has 

been designed and estimate the output as part of the consideration and planning before decision-making for 

real system installation. For solar and wind energy, several studies have conducted experiments using this 

software. However, most articles directly show mathematical approaches and jump into results and 

discussions by only describing the methods narratively, without any guide for readers to try.  

Thus, based on this, the use of simulations can be a solution for energy modelling, specifically for 

solar and wind energy, due to its popularity in the middle of the increasing renewable energy capacity 

installation as the answer for a cleaner transition. In this article, a brief review of related articles on 

renewable energy simulation using MATLAB/Simulink is presented, specifically on solar (PV) and wind 

(horizontal axis) energy. Additional explanations of advantages, disadvantages, strengths, weaknesses, and 

hybrid models will also be included to serve as an introduction for this article in the context of solar and  

wind energy.  

The scope of the review will be limited to solar energy based on a single diode and wind energy 

based on the turbine system. Other specifics and additional systems will not be elaborated. The purpose of 

the review is to give an introduction and basic guidelines for researchers who need a quick summary of 

modeling and simulation for solar and wind energy based on MATLAB/Simulink. The innovation of this 

paper is to present the simulation architecture. Relevant reviews had shown case by case for solar and wind 

energy with the mentioned scope, proving the use of MATLAB/Simulink as a source for energy model 

simulations while also producing results. 
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2. METHOD  

In conducting the literature review on renewable energy simulation using MATLAB/Simulink, the 

methodological steps followed are as follows. First, research was conducted through various academic 

databases such as IEEE Xplore, ScienceDirect, and Google Scholar. Keywords used included "renewable 

energy simulation," "MATLAB/Simulink," "solar energy simulation," and "wind energy simulation." 

Additionally, the research also involved related articles, books, and conferences relevant to the topic. Next, 

articles found in the searches were evaluated to ensure their relevance to renewable energy simulation using 

MATLAB/Simulink, with a specific focus on solar and wind energy. Articles that did not meet these 

inclusion criteria were excluded from the review. After identifying relevant articles, the analysis process 

began by extracting information on the advantages, disadvantages, strengths, weaknesses, and hybrid models 

in the context of solar and wind energy from each article. Relevant information from each article was then 

synthesized to provide a comprehensive overview of subsystem modeling and simulation setup details for 

readers who wish to study and experiment with MATLAB/Simulink on solar and wind systems. 

 

 

3. RESULTS AND DISCUSSION  

3.1.  Advantages and disadvantages of solar and wind energy in general 

Before choosing the right renewable energy sources, several considerations must be taken and 

analyzed before decision-making. Knowing and assessing the advantages and disadvantages of renewable 

energy can be helpful in making the right choice carefully. In this article, the advantages and disadvantages 

of solar and wind can be explained briefly, as shown in Table 1. Thus, based on the prior explanation of the 

advantages and disadvantages, general knowledge regarding the reference for energy suitability is provided. 

Thus, based on the prior explanation of the advantages and disadvantages, general knowledge regarding the 

reference for energy suitability is provided. 

 

 

Table 1. Solar energy advantages and disadvantages 
Type of energy Key characteristics Advantages Disadvantages 

Solar Solar energy comes from the 

sun's radiation, which is utilized 

and converted to heat, electricity, 

and other energy forms using 
conversion technology [14]. This 

energy, in general, is divided into 

solar PV (converts absorbed light 

that moves electrons to 

electricity) and thermal solar 
energy (collects direct normal 

irradiance and transports the heat 

to storage) [14], [15]. 

The advantages of solar energy are 

that it can convert solar energy 

directly to electricity without 

causing pollution, helping in 
mitigating climate change, has low 

operational and maintenance costs, 

and can be used for heating/cooling 

purposes in industry or other sectors 

[14], [16]–[18]. 

Despite those benefits, solar 

energy also has many 

disadvantages, such as high 

investment cost, low efficiency, 
the need for area, weather, and 

latitude dependency, as well as 

complex systems (specifically 

for solar thermal technology) 

[14], [16]–[18]. 

Wind Wind energy is a source of energy 

that results from the movement of 
air from a higher temperature 

region to a lower one due to 

pressure differences [19], [20]. 

The conversion of wind to 

electricity can be based on two 
different types of turbines, which 

are horizontal axis (blade parallel 

to wind flow) and vertical axis 

(blade perpendicular to wind 

flow) [21]. Based on the location 
type, it can be classified into 

onshore and offshore [22]. 

The advantage of wind energy is 

that, aside from being 
environmentally friendly since no 

greenhouse gas is emitted during 

operation, it also stimulates job 

creation (installation and 

manufacturing), and it also supplies 
electricity. 

The disadvantages of this 

energy include high investment 
cost, complex maintenance, 

difficulty in the transportation 

of components, noise, visual 

effects, and temperature rise 

around the surroundings, which 
cause habitat change and 

animal death [18], [21], [23]. 

 

 

3.2.  Strengths and weaknesses of PV system and wind power system 

Moving on from general advantages and disadvantages, the strengths and weaknesses of solar (PV) 

and wind systems can be depicted as follows [24]: 

i) Strength: renewable energy source that has a relatively predictable pattern, can be scaled to increase 

energy, low operating and maintenance costs, decentralized generation (specific to PV), high energy 

yield (specific to wind energy in some regions with constant and strong wind), reduces greenhouse 

gas emissions and pollution, technological advancements, grid support, and energy independence  

(on fossil fuels).  
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ii) Weakness: both energies are limited (PV by weather and wind by wind speed), limited energy 

production (PV is limited by weather and does not produce at night/least light conditions whereas wind 

causes low production on calm conditions), shading impact (specific on PV that reduce energy 

production), aesthetic considerations, geographical and land use limitations, resource limitations, 

maintenance challenges (especially for the offshore system), high initial costs, visual impacts, and 

energy storage requirements.  

Hence, each system presents similar strengths and weaknesses that must be considered before 

designing, planning, and executing the overall installation of the systems. Additionally, the choice between 

solar and wind systems often depends on local environmental conditions and specific energy needs. Effective 

integration of these systems requires addressing their respective limitations while maximizing their benefits.  

 

3.3.  Studies on solar and wind energy modelling using MATLAB/Simulink 

Recent studies from the last 5 years on renewable energy integration using MATLAB/Simulink 

have focused on creating more accurate and efficient models for PV and wind turbine systems, such as 

developing advanced control strategies like maximum power point tracking (MPPT) and inverters to improve 

grid stability and power quality. For PV arrays, models are now being designed to accurately capture the 

effects of real-world conditions like partial shading, where some PV cells are exposed to less sunlight, 

creating multiple power peaks [25]. These models are crucial for developing effective control algorithms. 

Similarly, wind turbine modeling has progressed to include detailed representations of different generator 

technologies, like the permanent magnet synchronous generator (PMSG) and doubly-fed induction generator 

(DFIG) [26], [27]. These advanced models simulate complex mechanical and electrical dynamics, such as 

blade pitch control and rotor aerodynamics, to predict performance under varying wind speeds. 

As for MPPT, the field is shifting from traditional algorithms to more advanced hybrid methods, 

primarily developed and tested using MATLAB/Simulink. Researchers simulate algorithm performance 

under varying irradiance and temperature conditions to validate their effectiveness before hardware 

implementation. While conventional methods like perturb and observe (P&O) and incremental conductance 

(INC) are still common, they struggle with rapid changes and partial shading. As a result, recent research has 

focused on enhancing P&O methods with variable step sizes to reduce oscillations and improve tracking 

speed [25], [28]. Moreover, a significant trend is the integration of intelligent algorithms like fuzzy logic 

controllers (FLC) and neural networks (NN). These intelligent controllers are particularly effective in 

handling the complex, multi-peak power curves created by partial shading, as they can adapt without 

requiring a precise system model. The Simulink environment enables a side-by-side comparison of these 

intelligent controllers with conventional methods, demonstrating their superior tracking speed and efficiency. 

A study by Melhaoui et al. [29] used Simulink to show that a hybrid P&O-FLC method had a faster tracking 

speed and higher efficiency, while another method by Dahmane et al. [30] utilized the platform to test a 

hybrid P&O and neural network approach for wind energy systems.  

The integration of renewable energy sources into the power grid is a vital research area, focusing on 

inverter control for maintaining power quality and system stability. MATLAB/Simulink is an essential tool 

for modeling and testing advanced inverter strategies safely. A key advancement is the shift from  

grid-following to grid-forming inverters. While grid-following inverters rely on the grid for voltage and 

frequency references, grid-forming inverters can generate these references autonomously. This is crucial for 

microgrids and low-inertia power systems, enabling them to provide essential services like voltage and 

frequency support. Researchers use Simulink to test these control strategies, particularly for fault  

ride-through capabilities, ensuring inverters remain connected during disturbances [31], [32]. Additionally, 

Simulink's advanced analysis tools are utilized to design and evaluate filters that reduce total harmonic 

distortion (THD), ensuring that the power supplied to the grid complies with strict quality standards. Studies 

like that by Nguyen et al. [33] and Rao et al. [34] used Simulink to design and simulate control systems, 

analyzing the dynamic operation of microgrids. This demonstrates the platform's vital role in ensuring 

reliable and high-quality power delivery from renewable sources. 

Despite advancements in complex and intelligent systems, it is essential to recognize that these 

systems are built on fundamental models. A solid understanding of how to create basic PV and wind turbine 

models in Simulink is important for several reasons. These foundational models, which are often based on the 

mathematical equations of equivalent circuits and aerodynamic forces, provide insight into the core principles 

of renewable energy conversion. They serve as building blocks for more complex systems, enabling 

researchers and students to progressively incorporate features such as MPPT algorithms, battery storage, and 

grid-forming inverters. Additionally, basic models are invaluable for educational purposes, helping students 

comprehend the physics and engineering concepts of renewable energy before advancing to more complex, 

pre-built library blocks in Simulink. Thus, this article will elaborate on the modelling process, specifically on 

solar and wind energy systems using Simulink. 
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3.4.  Solar energy-photovoltaic cell modelling using MATLAB/Simulink 

The design of PV energy systems depends on the performance of their cells and panels. The cell can 

be represented using either a single-diode or two-diode circuit model (however, the two-diode model has 

complexity with equations and parameters) [35]. The single diode circuit model in Figure 1 is preferable in 

most relevant articles since it presents fewer complex calculations while providing lower computational 

errors compared to the two diode circuit models [35], [36]. Overall, the simulation steps involve finding 

irradiance profiles based on the desired location, modelling based on PV governing equations, determining 

load conditions, and finally integrating storage, power electronics, and control loops. However, this paper 

will discuss limited to PV modelling. 

 

 

 
 

Figure 1. Single diode circuit representation for PV cell [36] 

 

 

The governing equation of the current source of this model is given as (1)-(6) [35]–[37]. 

 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑑 − 𝐼𝑠ℎ (1) 

 

𝐼𝑝ℎ =
𝐺

𝐺𝑟𝑒𝑓
[𝐼𝑠𝑐 + 𝐾𝐼(𝑇𝑜𝑝 − 𝑇𝑟𝑒𝑓)] (2) 

 

𝐼𝑑 = 𝐼𝑠𝑎𝑡 [exp (
𝑉+𝐼𝑅𝑠

𝑛𝑉𝑡
) − 1] (3) 

 

𝐼𝑠ℎ =  
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
 (4) 

 

𝐼𝑠𝑎𝑡 = 𝐼𝑅𝑠 (
𝑇𝑜𝑝

𝑇𝑟𝑒𝑓
)

3

𝑒𝑥𝑝 [
𝑞𝐸𝑔

𝑛𝑘
(

1

𝑇𝑟𝑒𝑓
−

1

𝑇𝑜𝑝
)] (5) 

 

𝐼𝑅𝑠 =
𝐼𝑠𝑐

exp(
𝑞𝑉𝑜𝑐

𝑁𝑠𝑛𝑘𝑇𝑜𝑝
)−1

 (6) 

 

In which I is output current, 𝐼𝑝ℎ is the current source, G is insolation, 𝐺𝑟𝑒𝑓 , and 𝑇𝑟𝑒𝑓 as insolation and 

temperature at STC, 𝐼𝑠𝑐 is short circuit current, 𝐾𝐼 is the current temperature coefficient, 𝐼𝑑  is the diode 

current, 𝐼𝑠ℎ is current through 𝑅𝑠ℎ, 𝐼𝑠𝑎𝑡 as reverse saturation current of diode, V as terminal voltage, n ideality 

factor of the diode, 𝑉𝑡 is thermal voltage (𝑉𝑡 = (𝑘)(𝑇𝑜𝑝)/𝑞 for q by 1.6×10-19 C and k by 1.38×10-23 J/K or 

Boltzmann’ constant), 𝐸𝑔  as band gap energy of semiconductor, 𝐼𝑟𝑠 as reverse saturation current at STC, and 

𝑉𝑜𝑐 as open circuit voltage. (V+IRs) the PV cell connection is usually in a series and parallel combination for 

higher power, combining it into a tool called modules (36 or 72 combinations of cells). The governing 

equation of the PV module is as (7). 

 

𝐼 = 𝑁𝑝𝐼𝑝ℎ − 𝑁𝑝𝐼𝑠𝑎𝑡[exp (

𝑉
𝑁𝑠

+
𝑅𝑆𝐼

𝑁𝑝

𝑛𝑉𝑡
− 1)] −

𝑁𝑝
𝑁𝑠

𝑉+𝑅𝑆𝐼

𝑅𝑠ℎ
 (7) 

 

In which 𝑁𝑝 is an equivalent circuit in parallel strings, and 𝑁𝑠 is for series arrangement.  

The known equation can now be converted to an energy system model in Simulink. For a simpler 

understanding, some assumptions are made. First, based on Figure 1, Rs and Rsh are both resistant for series 

(current path and act as losses by Joule effect) and parallel (correlated with seepage of current) aspects [37]. 

Although both variables must not be overlooked, with the purpose of simplicity, Rsh can be ignored (becomes 

conspicuous if many modules are considered) while Rs is still taken into account due to its multiplication 

effect, making it more prominent [37]. This will result in a newer equation, which is (8). 
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𝑁𝑝𝐼𝑝ℎ − 𝑁𝑝𝐼𝑠𝑎𝑡[exp (
𝑞(𝑉+𝐼𝑅𝑠)

𝑁𝑠𝑛𝑘𝑇𝑜𝑝
− 1)] (8) 

 

Then, with these equations, PV can be modeled based on the desired catalogue and type. As a 

reference, a study by Vinod et al. [37] uses this approach to model a PV system based on the determined 

parameters of JAP6-72-320/4BB. The values of the parameters are given in Table 2. 

 

 

Table 2. JAP6-72-320/4BB PV module parameters [37] 
Variable Values Variable Values 

Pm (maximum power at STC) 320 W Ns (total series cells) 72 

Vmp (maximum power voltage) 37.38 V Np (total parallel cells) 1 

Imp (maximum power current) 8.56 A n (ideality factor) 1.3 
Voc (open circuit voltage) 46.22 V Ki (cell short circuit temperature coefficient of Isc) 0.058%/C 

Isc (short-circuit current) 9.06 A Tref (reference temperature) 25 C 

Ns (total series cells) 72 Gref (solar irradiance) 1,000 at STC 

 

 

The next step is to make subsystems based on smaller equations that are not dependent on other 

subsystem equations. This can be done first for the operating temperature conversion model as shown in  

Figure 2 and products of NsknTop as shown in Figure 3, in which the variable n is equivalent to A [37]. Then 

the modeling can be focused on obtaining I, which depends on Iph and Id (Gain from Isat in (5) through IRs). 

Hence, using (2) and (6) to find Iph and IRs as shown in Figures 4 and 5, then using IRs to find Is (or Isat) shown 

in Figure 6. Then, I can be produced based on the resulting value of the mentioned subsystems based on (1), 

which is shown in Figure 7. The final system models are shown in Figures 8 and 9. 

Several other studies offer improved equations tailored to specific needs and purposes. These new 

equations result in different mathematical formulations depending on the requirements. One example is from 

the Berlini studies (seen in Figure 10) that shows the approaches as (9)-(15) [38]–[40]. 
 

𝐼𝑦 = 𝐼𝑠𝑐 [1 − 𝐾1 (exp
𝑉𝑦

𝐾2𝑉𝑜𝑐 − 1)] (9) 

 

𝐾1 = (1 −
𝐼𝑀𝑃

𝐼𝑠𝑐
) exp

−𝑉𝑀𝑃
𝐾2𝑉𝑜𝑐  (10) 

 

𝐾2 = (

𝑉𝑀𝑃
𝑉𝑜𝑐

−1

ln (1−
𝐼𝑀𝑃
𝐼𝑠𝑐

) 
) (11) 

 

𝐼𝑠𝑐(𝐺, 𝑇𝑐) = 𝐼𝑠𝑐𝑠 .
𝐺

𝐺𝑠
[1 + 𝛼(𝑇𝑐 − 𝑇𝑠)] (12) 

 

𝐼𝑀𝑃(𝐺, 𝑇𝑐) = 𝐼𝑀𝑃𝑠 .
𝐺

𝐺𝑠
[1 + 𝛼(𝑇𝑐 − 𝑇𝑠)] (13) 

 

𝑉𝑜𝑐(𝑇𝑐) = 𝑉𝑜𝑐𝑠[1 + 𝛽(𝑇𝑐 − 𝑇𝑠)] (14) 
 

𝑉𝑀𝑃(𝑇𝑐) = 𝑉𝑀𝑃𝑠[1 + 𝛽(𝑇𝑐 − 𝑇𝑠)] (15) 
 

In which 𝐼𝑦 is PV current. While 𝐾1 and 𝐾2 are parameters dependent on irradiance and temperature. After 

that, 𝐼𝑠𝑐, 𝐼𝑀𝑃, 𝑉𝑜𝑐, and 𝑉𝑀𝑃 are values given in the datasheets of PV module manufacturers. 
 

 

 
 

Figure 2. Subsystem for operating temperature 

conversion model [37] 

 
 

Figure 3. Subsystem for NsknTop [37] 
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Figure 4. Subsystem for Iph [37] 

 
 

Figure 5. Subsystem for IRs [37] 

  

  

  
 

Figure 6. Subsystem for Is [37] 

 

Figure 7. Subsystem for I [37] 

  

  

  
 

Figure 8. Final system integrated based on 

designed subsystems [37] 

 

Figure 9. Simplified final system [37] 

 
 

 
 

Figure 10. Simulink model by Möller and Krauter [40], based on Ayaz et al. [38] and  

Berlini et al. [39] approaches 
 

 

Corresponding to the reviewed literature provided, it can be highlighted that the modelling based on 

the Simulink can be made by using the equation that governs the solar cell operations. However, the studies 

given have several limitations, which can be further progressed by including several other considerations 

aside from the mathematical models of PV cells and modules, such as storage systems, tracking algorithms 

(generally MPPT), DC/DC converters, inverters, and other additional systems, such as temperature 

adjustment systems. 
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3.5.  Wind energy-turbine and generator modelling using MATLAB/Simulink 

For a wind energy system, the simulation steps involve finding wind velocity profiles based on the 

selected area, modelling based on wind energy governing equations, determining load conditions, and 

integration with storage, power electronics, and control loops. However, similar to the PV section, this article 

will discuss limited to wind energy modelling. The main components of wind energy systems consist of a 

blade turbine, generator, power converter, and controller [41]. Wind energy turbine modeled in 

MATLAB/Simulink. It can be based on (16). 

 

𝑃𝑚 =
1

2
𝜌𝜋𝑅2𝑣3𝐶𝑝(𝜆, 𝛽) (16) 

 

In which 𝑃𝑚 is mechanical power (W). While R is the radius of the turbine blade (m), v is the wind velocity, 

𝐶𝑝 is the power coefficient, λ is the tip speed ratio, and β is the pitch angle. Obtaining λ will be based  

on (17). 

 

𝜆 =
𝜔𝑅

𝑣
 (17) 

 

The λ acts as the ratio of tangential velocity to wind speed, in which ω is the angular speed [42]. The 

𝐶𝑝 is dependent on several aspects. For the horizontal axis type, factors that are affecting consist of several 

blades, λ, and β. Therefore, in making the system of wind energy, the 𝐶𝑝 significantly impacts the power 

output based on the λ and β. Several mathematical approaches to 𝐶𝑝 are based on three main functions, which 

are polynomial, sinusoidal, and exponential functions. One of the most general functions used to design a 

Simulink model is using the exponential function based on Ovando et al. equations [42], [43]. The equation 

is as (18) and (19). 

 
1

𝜆𝑖
=

1

𝜆+0.08.𝛽
−

0.035

1+𝛽3 (18) 

 

𝐶𝑝 = 0.5176 (
116

𝜆𝑖
− 0.4. 𝛽 − 5) 𝑒

−(
21
𝜆𝑖

)
+ 0.0068𝜆 (19) 

 

Using the given equations, the mathematical model can be designed in Simulink. First, subsystems 

must be created for (18). This process is illustrated in Figure 11, in which eq1 represents 
1

𝜆+0.08.𝛽
−

0.035

1+𝛽3 and 

eq2 as 0.5176 (
116

𝜆𝑖
− 0.4. 𝛽 − 5) 𝑒

−(
21
𝜆𝑖

)
+ 0.0068𝜆. Now that the model for (18) is known, a power factor 

can be obtained. This power factor can then be used to complete the calculations based on (16), as shown in 

Figure 12. This model can now be simplified to a final system, as shown in Figure 13. The parameters for the 

blade radius, wind velocity, beta, and angular velocity should match the real conditions and preferences.  

The angular velocity can be obtained from (17). 

Many other mathematical approaches are presented to show different designs of Cp in Simulink 

such as polynomial function (third order, fourth order, fifth order, and sixth order [44], [45]–[47]), sinusoidal 

function ([44], [48]–[51]) as well as exponential ([43], [52]–[57]). The steps to design the models are the 

same since they only rely on the given mathematical models. Aside from Cp considerations, choosing the 

right turbine in which the data of speed in a selected area is suitable as the cut-in speed for the turbine. In 

addition to the turbine selection and mathematical approaches, the use of a generator is adequately important 

due to the turbine selection, which can be classified into fixed-speed wind turbines and variable-speed wind 

turbines. For fixed-speed turbines, the squirrel cage induction generator is suitable, whereas the doubly fed 

induction generators and permanent magnet generators are used for variable-speed turbines [41]. The 

generator can be classified into asynchronous and synchronous types based on the grid supply requirement 

for the asynchronous type, in contrast to synchronous. The squirrel cage induction generator and doubly fed 

induction generator are both categorized as asynchronous types while the permanent magnet is classified as 

synchronous. According to the study conducted by Chong et al. [41] a simulation using the mentioned 

generator in the variation of speed (0-9 m/s) from 1 to 10 s shows that the permanent magnet synchronous 

generator performs better at lower wind speed (which means better efficiency) in Malaysia since the other 

two generators must draw reactive power from three-phase alternating current (AC) source, which consumes 

energy before the generator starts working. The model of each generator based on the prior study can be 

shown in Figures 14-16. 
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Figure 11. Subsystem for (18) provided by researcher 

 

 

 
 

Figure 12. Subsystem for (16) provided by researcher 

 

 

 
 

Figure 13. Wind turbine final system provided by researcher 

 

 

 
 

Figure 14. Simulink model of a squirrel cage induction generator [41] 
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Figure 15. Simulink model of a doubly-fed induction generator [41] 

 

 

 
 

Figure 16. Simulink model of permanent magnet induction generator [41] 

 

 

Based on all those considerations, upon designing the system of wind energy, designated and  

well-planned components and selection of turbines and generators must be compatible with the wind speed 

data of the chosen location, in which the cost-benefit analysis must not be overlooked. Moreover, the 

consideration for a grid-connected system based on the oscillation factors that may happen must not be 

overlooked, which is also shown by the study by Behabtu et al. [58] comparing the squirrel cage induction 

generator and a doubly fed induction generator in Figures 17 and 18. The results of the study show that the 

performance of a doubly fed induction generator is better than the other during variable wind speed swell, as 

well as active-reactive power control capability during steady-state and transient operating conditions.  

 

3.6.  Model evaluation 

The evaluation of PV and wind turbine model performance in MATLAB/Simulink is a critical 

process that focuses on two key aspects: accuracy and computational efficiency. Researchers have developed 

a variety of methods to ensure that their models are both reliable and practical for a wide range of 

applications, from academic research to real-time control. 

Accuracy is the primary metric for model validation and is typically assessed by comparing 

simulation results with real-world data. The most common approach is experimental validation, where the 

output of a Simulink model is compared against data collected from a physical PV array or wind turbine 

system under the same operating conditions. For PV models, this involves using measured values of solar 

irradiance and ambient temperature as inputs and comparing the simulated voltage, current, and power output 

against the measured values. The difference is often quantified using metrics like root mean square error 

(RMSE) or percentage error, which provides a clear measure of the model's fidelity. For wind turbines, 

models are validated by comparing simulated power curves and torque-speed characteristics with data from 

real turbines at varying wind speeds.  

Some studies also use theoretical validation, where the model's output is compared against 

established mathematical principles or existing, highly validated models. For instance, the single-diode 

model for PV cells is a well-understood theoretical basis, and new Simulink models are often validated by 

showing that their I-V and P-V curves match the theoretical curves under standard test conditions [59], [60]. 

This approach is particularly useful for verifying the fundamental physics of the model before moving on to 

more complex simulations. While the accuracy of individual components, such as the aerodynamic block's 

Cp or the electrical generator's output, is also verified to ensure the overall model's correctness [57]. 
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Aside from accuracy, computational efficiency is a critical consideration for models used in  

real-time applications, such as HIL simulations or for large-scale grid studies [61]. Researchers often 

compare the simulation time of their proposed model against that of simpler or older models to demonstrate 

performance improvement. A faster simulation time allows for more extensive testing, including long-term 

simulations and real-time control. A key challenge is the trade-off between accuracy and efficiency. Highly 

detailed models that include every parasitic resistance or aerodynamic nuance can be computationally 

expensive and slow down simulations. 

To address this, researchers are developing simplified models that strike a balance. These models 

use reasonable assumptions or lump certain parameters to reduce the number of equations and computational 

steps. For example, a reduced-order model for a PV system may simplify the equivalent circuit to a single-

diode model without a shunt resistance to speed up simulation time with a minimal impact on accuracy [62]. 

The evaluation of efficiency often involves running models on a standardized computer system and reporting 

the simulation time for a specific duration to allow for fair comparisons across different studies [28]. The use 

of machine learning models integrated with Simulink also provides a pathway to enhance efficiency by 

creating fast-to-predict, yet physically consistent, models for real-time forecasting [63]. 

 

3.7.  Future trends-hybrid energy system 

Both solar and wind energy systems, with limitations imposed by the components, geographical 

situation, weather, costs, and other factors, have caused losses and inefficiencies, casting doubt on the 

worthiness of these renewable energy sources. Due to technology's rapid advancement, an innovation in that 

combines both PV and wind systems is developed to optimize energy output production, efficiency, and 

reliability. Several techniques that have been used are co-located installations (both systems are connected to 

one grid), integrated controllers (control systems for power and battery charging diversion), microgrids 

(combinations for energy storage solutions), power electronics (using devices to adjust voltage and frequency 

parameters for stabler power), optimization algorithms (computational algorithms that have considered 

weather, demand, and storage capacity) and demand response systems (automatic adjusting supply-demand 

response) [24]. 

In the case of MATLAB/Simulink implementation, most of the related studies show that hybrid 

model (seen in Figure 17) is usually completed with a PMSG generator, an inverter, a boost converter, 

MPPT, solar panels, and a wind turbine, the power output of the combination is more effective compared to 

each PV or wind system [64]–[66]. One of the examples is the study by Bangura et al. [66], which shows the 

output in Figure 18. MATLAB/Simulink is an invaluable tool for the initial design and simulation of hybrid 

PV-wind systems, enabling rapid prototyping, detailed controller testing, and system optimization. Its 

modular, block-based environment allows engineers to quickly build and test different system configurations, 

from simple DC/DC converters to complex grid-connected inverters [67]. The ability to simulate various 

control algorithms, such as MPPT and intelligent energy management strategies, is essential for fine-tuning 

performance before deployment [68].  

The ability of MATLAB/Simulink to integrate with real-world systems is a significant advantage. 

This is achieved through rapid prototyping and HIL simulations, where the control algorithms developed 

in Simulink can be directly deployed to a real-time hardware processor. This is essential for applications 

such as microgrids and grid-tied configurations, where real-time control and interaction with the electrical 

grid are necessary. A study on a grid-connected solar-wind hybrid system demonstrated the use of 

MATLAB/Simulink to design a system that not only ensures optimal energy transfer but also enhances 

power quality and reduces harmonic distortion to meet grid compliance standards [34]. For standalone  

PV-wind setups, this integration validates the effectiveness of the control system in managing power flow, 

battery charging, and load balancing under dynamic and unpredictable weather conditions [67]. 

However, as a system's complexity grows with the addition of generators, multiple converters, and 

intricate grid connections, the simulation models can become overwhelming. Building these models from 

thousands of interconnected blocks can be a complex and time-consuming task, even with the latest versions 

offering pre-built system blocks. Furthermore, publicly available resources often lack the detailed guidance 

needed to reconstruct advanced models that account for real-world phenomena like the shading effect on PV 

panels and wind variability, limiting researchers' ability to replicate and build upon existing work [67]. 

Another major limitation of Simulink for holistic system analysis is its lack of integrated, real-world 

weather data. To overcome this, a multi-software approach is often required. Specialized tools like PVSyst 

and WindPRO (or other advanced wind modeling software) are essential for providing accurate 

meteorological data inputs. PVSyst, for example, is a dedicated PV simulation software that excels at detailed 

solar energy analysis, including modeling complex shading effects and calculating system losses and 

inefficiencies. For wind energy, tools like WindPRO provide robust wind resource assessment and turbine 

placement optimization [67].  
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Future extensions for hybrid PV-wind systems will focus on integrating advanced technologies to 

enhance performance and reliability. These innovations include AI-based control, digital twin modeling, and 

co-simulation with other platforms. These intelligent controllers can analyze vast amounts of data from 

weather forecasts and energy demand to make real-time decisions, optimizing power dispatch and energy 

storage strategies and ensuring both high efficiency and resilience against unexpected events [68]. Building 

on this, the concept of a digital twin is a significant future extension. This is a high-fidelity virtual replica of a 

physical system that is continuously updated with real-time data from sensors, providing a powerful tool for 

monitoring, predictive maintenance, and operational optimization [69]. By creating a digital twin of a hybrid 

system, operators can simulate various scenarios in a risk-free virtual environment, which is crucial for 

improving reliability and reducing downtime, which can also inform decisions on component selection, 

potential area analysis, and cost-benefit analysis [70].  

To address the limitations of a single software platform, co-simulation will also be essential. This 

involves running two or more simulators together to combine their strengths. For instance, while 

MATLAB/Simulink is excellent for control system design, it can be combined with platforms like PSCAD or 

LabVIEW to perform more comprehensive analyses. Co-simulating with PSCAD allows engineers to analyze 

power quality and electromagnetic transients in a detailed grid model, ensuring the control algorithms from 

Simulink are robust enough for real-world grid conditions [71]. This comprehensive approach allows 

researchers and engineers to model and optimize not just the technical performance of a hybrid system, but 

also its economic viability and overall efficiency. 

 

 

 
 

Figure 17. PV-wind hybrid system based on Lodin et al. model [65] 

 

 

 
 

Figure 18. Output of hybrid system compared to PV and wind system [66] 
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4. CONCLUSION 

This article provides a guideline for the modeling of PV and horizontal wind systems using 

MATLAB/Simulink, which is appended with complementary information such as the advantages and 

disadvantages, strengths, and weaknesses for each energy type. Categorizing it as a renewable energy 

source, the conversion system usually faces inefficiency and losses due to components, geography, 

weather, and many other factors. Using tools such as MATLAB/Simulink will help in giving the most 

suitable design before going to the implementation stages to avoid unnecessary losses. In the case of PV, 

the Simulink model relies mainly on the mathematical models of PV cells based on a single diode, whereas 

the wind system relies on the power equation based on Cp variation for horizontal-axis type, though other 

factors such as converter, generator, and inverter. must not be overlooked to increase more accurate 

results; however, complexity increases. Due to the limitations of each system, an alternative, which is a 

hybrid system for both, can be utilized to give optimization, reliability, efficiency, and higher power 

production. Therefore, this article is intended as an introductory reference on the design of solar and wind 

energy systems for researchers and engineers, and the decision to help avoid risks for cost and time before 

real-time implementation. Future research will lead to variations and additional integration for other 

systems, such as storage and converters. Additional actions, such as implementing other software, can also 

be done to give a comprehensive analysis for the overall system on costs, potential areas, component 

selections, and losses/inefficiencies reduction. 

 

 

ACKNOWLEDGMENTS 

The authors would like to express their utmost gratitude to Universitas Multimedia Nusantara for the 

outstanding facilities, guidance, and support throughout the research process.  

 

 

FUNDING INFORMATION 

Authors state that the funding is provided by Universitas Multimedia Nusantara. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Nicholas Pranata  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓  

Fahmy Rinanda 

Saputri 

✓         ✓  ✓ ✓ ✓ 

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT  

Authors state no conflict of interest. 

 

 

DATA AVAILABILITY 

The data that support this study's findings are openly provided by all scientific articles that have 

been discussed and shown in the references. 

 

 

REFERENCES 
[1] R. Forrester, “The invention of the steam engine,” Preprint SocArXiv, 2019, doi: 10.31235/osf.io/fvs74. 

[2] H. Ritchie and P. Rosado, “Fossil fuels,” Our World in Data. Accessed: Oct. 28, 2023. [Online]. Available: 

https://ourworldindata.org/fossil-fuels 

[3] F. Saputri and S. Delana Wijaya, “Modeling of wind power generation in Tegal Region using MATLAB Simulink,” Indonesian 

Journal of Computer Science, vol. 13, no. 1, Feb. 2024, doi: 10.33022/ijcs.v13i1.3752. 
 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 15, No. 1, March 2026: 107-122 

120 

[4] D. Maradin, “Advantages and disadvantages of renewable energy sources utilization,” International Journal of Energy Economics 
and Policy, vol. 11, no. 3, pp. 176–183, Apr. 2021, doi: 10.32479/ijeep.11027. 

[5] C. Chen, M. Pinar, and T. Stengos, “Renewable energy and CO2 emissions: new evidence with the panel threshold model,” 

Renewable Energy, vol. 194, pp. 117–128, Jul. 2022, doi: 10.1016/j.renene.2022.05.095. 

[6] F. R. Saputri, A. R. Stanlee, I. H. Prasetya, and S. D. Wijaya, “Analysis of solar power plant utilization for public street lighting in 

Probolinggo, Jawa Timur, Indonesia,” International Journal of Science, Technology & Management, vol. 4, no. 4, pp. 785–791, 
Jul. 2023, doi: 10.46729/ijstm.v4i4.862. 

[7] Neha and R. Joon, “Renewable energy sources: a review,” Journal of Physics: Conference Series, vol. 1979, no. 1, Aug. 2021, 

doi: 10.1088/1742-6596/1979/1/012023. 

[8] M. N. S., G. N. A., and A. G. A., “Role of renewable energy sources in the world,” Journal of Renewable Energy, Electrical, and 

Computer Engineering, vol. 2, no. 2, pp. 63–67, Sep. 2022, doi: 10.29103/jreece.v2i2.8779. 
[9] P. Cabrera, H. Lund, J. Z. Thellufsen, and P. Sorknæs, “The MATLAB toolbox for EnergyPLAN: a tool to extend energy 

planning studies,” Science of Computer Programming, vol. 191, Jun. 2020, doi: 10.1016/j.scico.2020.102405. 

[10] A. A. Adeleke et al., “Simulation technology in renewable energy generation: a review,” in 2023 2nd International Conference on 

Multidisciplinary Engineering and Applied Science (ICMEAS), Nov. 2023, pp. 1–5, doi: 10.1109/ICMEAS58693.2023.10429880. 

[11] M. Perez and R. Perez, “Update 2022-a fundamental look at supply side energy reserves for the planet,” Solar Energy Advances, 
vol. 2, 2022, doi: 10.1016/j.seja.2022.100014. 

[12] S. Junlakarn, R. Diewvilai, and K. Audomvongseree, “Stochastic modeling of renewable energy sources for capacity credit 

evaluation,” Energies, vol. 15, no. 14, Jul. 2022, doi: 10.3390/en15145103. 

[13] Y. Chen and L. Huang, “Introduction,” in MATLAB Roadmap to Applications, Singapore: Springer Nature Singapore, 2025,  

pp. 1–47. doi: 10.1007/978-981-97-8788-3_1. 
[14] K. R. Kumar, N. V. V. K. Chaitanya, and N. S. Kumar, “Solar thermal energy technologies and its applications for process 

heating and power generation-a review,” Journal of Cleaner Production, vol. 282, Feb. 2021, doi: 10.1016/j.jclepro.2020.125296. 

[15] Y. Pang, L. Pan, J. Zhang, J. Chen, Y. Dong, and H. Sun, “Integrated sizing and scheduling of an off-grid integrated energy 

system for an isolated renewable energy hydrogen refueling station,” Applied Energy, vol. 323, Oct. 2022,  

doi: 10.1016/j.apenergy.2022.119573. 
[16] A. O. M. Maka and J. M. Alabid, “Solar energy technology and its roles in sustainable development,” Clean Energy, vol. 6, no. 3, 

pp. 476–483, Jun. 2022, doi: 10.1093/ce/zkac023. 

[17] N. O. Adelakun and B. A. Olanipekun, “A review of solar energy,” Journal of Multidisciplinary Engineering Science and 

Technology, vol. 6, no. 12, 2019, doi: 10.2139/ssrn.3579939. 
[18] A. I. Osman et al., “Cost, environmental impact, and resilience of renewable energy under a changing climate: a review,” 

Environmental Chemistry Letters, vol. 21, no. 2, pp. 741–764, Apr. 2023, doi: 10.1007/s10311-022-01532-8. 

[19] S. Rüstemli, O. Güntas, G. Şahin, A. Koç, W. van Sark, and S. Ş. Doğan, “Wind power plant site selection problem solution using 

GIS and resource assessment and analysis of wind energy potential by estimating Weibull distribution function for sustainable  

energy production: the case of Bitlis/Turkey,” Energy Strategy Reviews, vol. 56, Nov. 2024, doi: 10.1016/j.esr.2024.101552. 
[20] G. Şahin, A. Koç, S. Ş. Doğan, and W. van Sark, “Assessment of wind energy potential and optimal site selection for wind energy 

plant installations in Igdir/Turkey,” Sustainability, vol. 16, no. 20, Oct. 2024, doi: 10.3390/su16208775. 

[21] W. Wisatesajja, W. Roynarin, and D. Intholo, “Analysis of influence of tilt angle on variable-speed fixed-pitch floating offshore 

wind turbines for optimizing power coefficient using experimental and CFD models,” International Journal of Renewable Energy 

Development, vol. 10, no. 2, pp. 201–212, May 2021, doi: 10.14710/ijred.2021.33195. 
[22] B. Desalegn, D. Gebeyehu, B. Tamrat, T. Tadiwose, and A. Lata, “Onshore versus offshore wind power trends and recent study 

practices in modeling of wind turbines’ life-cycle impact assessments,” Cleaner Engineering and Technology, vol. 17, Dec. 2023, 

doi: 10.1016/j.clet.2023.100691. 

[23] L. M. Miller and D. W. Keith, “Climatic impacts of wind power,” Joule, vol. 2, no. 12, pp. 2618–2632, Dec. 2018,  

doi: 10.1016/j.joule.2018.09.009. 
[24] Q. Hassan, S. Algburi, A. Z. Sameen, H. M. Salman, and M. Jaszczur, “A review of hybrid renewable energy systems: solar and 

wind-powered solutions: challenges, opportunities, and policy implications,” Results in Engineering, vol. 20, Dec. 2023,  

doi: 10.1016/j.rineng.2023.101621. 

[25] A. B. Djilali et al., “Enhanced variable step sizes perturb and observe MPPT control to reduce energy loss in photovoltaic 

systems,” Scientific Reports, vol. 15, no. 1, Apr. 2025, doi: 10.1038/s41598-025-95309-y. 
[26] A. G. A.-Khalil and M. Alobaid, “Optimized control for PMSG wind turbine systems under unbalanced and distorted grid voltage 

scenarios,” Sustainability, vol. 15, no. 12, Jun. 2023, doi: 10.3390/su15129552. 

[27] V. V. Yadav and S. Balasubramaniyan, “Synchronization stability and control strategies for PMSG-based wind energy systems 

under grid fault conditions,” Energy Reports, vol. 13, pp. 6148–6160, Jun. 2025, doi: 10.1016/j.egyr.2025.05.052. 

[28] D. Mustafic, D. Jokic, S. Lale, and S. Lubura, “Implementation of incremental conductance MPPT algorithm in real-time in 
MATLAB/Simulink environment with Humusoft MF634 board,” in 2020 9th Mediterranean Conference on Embedded 

Computing (MECO), Jun. 2020, pp. 1–5, doi: 10.1109/MECO49872.2020.9134356. 

[29] M. Melhaoui et al., “Hybrid fuzzy logic approach for enhanced MPPT control in PV systems,” Scientific Reports, vol. 15, no. 1, 

Jun. 2025, doi: 10.1038/s41598-025-03154-w. 

[30] K. Dahmane et al., “Hybrid MPPT control: P&O and neural network for wind energy conversion system,” Journal of Robotics 
and Control, vol. 4, no. 1, pp. 1–11, Jan. 2023, doi: 10.18196/jrc.v4i1.16770. 

[31] A. Ordono, A. S.-Ruiz, M. Zubiaga, F. J. Asensio, and J. R.-Gongora, “Overload mitigation of inertial grid-forming inverters 

under frequency excursions,” Applied Sciences, vol. 15, no. 10, May 2025, doi: 10.3390/app15105316. 

[32] A. Alfouly, M. A. Ismeil, and I. Hamdan, “A novel inverter control strategy for maximum hosting capacity photovoltaic systems  

in distribution networks using power factor,” PLOS ONE, vol. 20, no. 2, Feb. 2025, doi: 10.1371/journal.pone.0310301. 
[33] V. H. Nguyen, T. D. Tran, and M. K. Ngo, “Modeling and simulation of microgrid dynamic operation modes using MATLAB 

Simulink software,” Journal of Electronics and Electrical Engineering, vol. 3, no. 2, pp. 460–473, Nov. 2024,  

doi: 10.37256/jeee.3220245693. 

[34] T. V. Rao et al., “Design and simulation of a grid-connected solar-wind hybrid power system with inverter and power quality 

enhancement in MATLAB,” Journal of Neonatal Surgery, vol. 14, no. 11s, pp. 858–864, 2025. 
[35] M. S. Hossain, N. K. Roy, and M. O. Ali, “Modeling of solar photovoltaic system using MATLAB/Simulink,” in 2016 19th 

International Conference on Computer and Information Technology (ICCIT), Dec. 2016, pp. 128–133.  

doi: 10.1109/ICCITECHN.2016.7860182. 

 



Int J Adv Appl Sci  ISSN: 2252-8814  

 

Modeling of solar and wind energy using matrix laboratory/Simulink: a review (Nicholas Pranata) 

121 

[36] J. R. Mahmood and N. H. Selman, “Four MATLAB-Simulink models of photovoltaic system,” International Journal of Energy 
and Environment, vol. 7, no. 5, pp. 417–426, 2016. 

[37] Vinod, R. Kumar, and S. K. Singh, “Solar photovoltaic modeling and simulation: as a renewable energy solution,” Energy 

Reports, vol. 4, pp. 701–712, Nov. 2018, doi: 10.1016/j.egyr.2018.09.008. 

[38] R. Ayaz, I. Nakir, and M. Tanrioven, “An improved MATLAB-Simulink model of PV module considering ambient conditions,” 

International Journal of Photoenergy, vol. 2014, pp. 1–6, 2014, doi: 10.1155/2014/315893. 
[39] A. Bellini, S. Bifaretti, V. Iacovone, and C. Cornaro, “Simplified model of a photovoltaic module,” in 2009 Applied Electronics, 

Pilsen, Czech Republic: IEEE, 2009. 

[40] M. C. Möller and S. Krauter, “Hybrid energy system model in MATLAB/Simulink based on solar energy, lithium-ion battery and 

hydrogen,” Energies, vol. 15, no. 6, Mar. 2022, doi: 10.3390/en15062201. 

[41] C. H. Chong, A. R. H. Rigit, and I. Ali, “Wind turbine modelling and simulation using MATLAB/Simulink,” IOP Conference 
Series: Materials Science and Engineering, vol. 1101, no. 1, Mar. 2021, doi: 10.1088/1757-899X/1101/1/012034. 

[42] O. C. Castillo, V. R. Andrade, J. J. R. Rivas, and R. O. González, “Comparison of power coefficients in wind turbines considering 

the tip speed ratio and blade pitch angle,” Energies, vol. 16, no. 6, Mar. 2023, doi: 10.3390/en16062774. 

[43] R. I. Ovando, J. Aguayo, and M. Cotorogea, “Emulation of a low power wind turbine with a DC motor in MATLAB/Simulink,” 

in 2007 IEEE Power Electronics Specialists Conference, 2007, pp. 859–864. doi: 10.1109/PESC.2007.4342101. 
[44] I. Moussa, A. Bouallegue, and A. Khedher, “Design and implementation of constant wind speed turbine emulator using 

MATLAB/Simulink and FPGA,” in 2014 Ninth International Conference on Ecological Vehicles and Renewable Energies 

(EVER), Mar. 2014, pp. 1–8. doi: 10.1109/EVER.2014.6844051. 

[45] M. Arifujjaman, M. T. Iqbal, and J. E. Quaicoe, “Maximum power extraction from a small wind turbine emulator using a DC-DC 

converter controlled by a microcontroller,” in 2006 International Conference on Electrical and Computer Engineering, Dec. 
2006, pp. 213–216. doi: 10.1109/ICECE.2006.355328. 

[46] L. G. González, E. Figueres, G. Garcerá, and O. Carranza, “Maximum-power-point tracking with reduced mechanical stress 

applied to wind-energy-conversion-systems,” Applied Energy, vol. 87, no. 7, pp. 2304–2312, Jul. 2010,  

doi: 10.1016/j.apenergy.2009.11.030. 

[47] W. Li, D. Xu, W. Zhang, and H. Ma, “Research on wind turbine emulation based on DC Motor,” in 2007 2nd IEEE Conference 
on Industrial Electronics and Applications, May 2007, pp. 2589–2593. doi: 10.1109/ICIEA.2007.4318881. 

[48] J. C. Aladro, M. I. G. Álvarez, G. D. González, and J. G.-Aleixandre, “A new MATLAB model for wind speed simulation in wind 

induction generator units,” RE&PQJ, vol. 1, no. 1, Dec. 2023, doi: 10.24084/repqj01.379. 

[49] W. Xin, Z. Wanli, Q. Bin, and L. Pengcheng, “Sliding mode control of pitch angle for direct driven PM wind turbine,” in The 
26th Chinese Control and Decision Conference (2014 CCDC), May 2014, pp. 2447–2452. doi: 10.1109/CCDC.2014.6852584. 

[50] F. Merahi, S. Mekhilef, and E. M. Berkouk, “DC-voltage regulation of a five levels neutral point clamped cascaded converter for 

wind energy conversion system,” in 2014 International Power Electronics Conference (IPEC-Hiroshima 2014 - ECCE ASIA), 

May 2014, pp. 560–566. doi: 10.1109/IPEC.2014.6869640. 

[51] I. Nouira, A. Khedher, and A. Bouallegue, “A contribution to the design and the installation of an universal platform of a wind 
emulator using a DC motor,” International Journal of Renewable Energy Research, vol. 2, no. 4, 2012. 

[52] R. Kotti, S. Janakiraman, and W. Shireen, “Adaptive sensorless maximum power point tracking control for PMSG wind energy 

conversion systems,” in 2014 IEEE 15th Workshop on Control and Modeling for Power Electronics (COMPEL), Jun. 2014,  

pp. 1–8, doi: 10.1109/COMPEL.2014.6877181. 

[53] D. Llano, R. McMahon, and M. Tatlow, “Control algorithms for permanent magnet generators evaluated on a wind turbine 
emulator test-rig,” in 7th IET International Conference on Power Electronics, Machines and Drives (PEMD 2014), 2014,  

doi: 10.1049/cp.2014.0304. 

[54] G. Shi, M. Zhu, X. Cai, Z. Wang, and L. Yao, “Generalized average model of DC wind turbine with consideration of 

electromechanical transients,” in IECON 2013 - 39th Annual Conference of the IEEE Industrial Electronics Society, Nov. 2013, 

pp. 1638–1643, doi: 10.1109/IECON.2013.6699378. 
[55] G. Bustos, L. S. Vargas, F. Milla, D. Saez, H. Zareipour, and A. Nunez, “Comparison of fixed speed wind turbines models: a case 

study,” in IECON 2012 - 38th Annual Conference on IEEE Industrial Electronics Society, Oct. 2012, pp. 961–966,  

doi: 10.1109/IECON.2012.6388937. 

[56] D. Ahmed, F. Karim, and A. Ahmad, “Design and modeling of low-speed axial flux permanent magnet generator for wind based 

micro-generation systems,” in 2014 International Conference on Robotics and Emerging Allied Technologies in Engineering 
(iCREATE), Apr. 2014, pp. 51–57, doi: 10.1109/iCREATE.2014.6828338. 

[57] N. Pranata and F. R. Saputri, “Comparative modelling and simulation of small wind turbine system using MATLAB/Simulink 

based on various power coefficient models in Kupang-Indonesia,” in 2025 9th International Conference on Green Energy and 

Applications (ICGEA), Mar. 2025, pp. 1–6, doi: 10.1109/ICGEA64602.2025.11009962. 

[58] H. A. Behabtu et al., “Performance evaluation of grid-connected wind turbine generators,” Energies, vol. 14, no. 20, Oct. 2021, 
doi: 10.3390/en14206807. 

[59] M. Jazayeri, S. Uysal, and K. Jazayeri, “A simple MATLAB/Simulink simulation for PV modules based on one-diode model,” in 

2013 High Capacity Optical Networks and Emerging/Enabling Technologies, Dec. 2013, pp. 44–50,  

doi: 10.1109/HONET.2013.6729755. 

[60] S. J. Yaqoob, A. L. Saleh, S. Motahhir, E. B. Agyekum, A. Nayyar, and B. Qureshi, “Comparative study with practical validation 
of photovoltaic monocrystalline module for single and double diode models,” Scientific Reports, vol. 11, no. 1, Sep. 2021,  

doi: 10.1038/s41598-021-98593-6. 

[61] A. Avalos, A. Zamora, O. Escamilla, and M. R. A. Paternina, “Real-time hardware-in-the-loop implementation for power systems 

protection,” in 2018 IEEE PES Transmission & Distribution Conference and Exhibition - Latin America (T&D-LA), Sep. 2018, 

pp. 1–5, doi: 10.1109/TDC-LA.2018.8511771. 
[62] L. E. G.-Marrero, C. I. P.-Vargas, J. D. B.-Rodriguez, E. Monmasson, and G. Petrone, “Self-adaptive single-diode model 

parameter identification under small mismatching conditions,” Renewable Energy, vol. 245, Jun. 2025,  

doi: 10.1016/j.renene.2025.122735. 

[63] R. T. A and C. C. Chinnappan, “Integrating data-driven and physics-based approaches for robust wind power prediction: a 

comprehensive ML-PINN-Simulink framework,” Scientific Reports, vol. 15, no. 1, Aug. 2025, doi: 10.1038/s41598-025-13306-7. 
[64] P. Kadam and R. S. Ambekar, “Hybrid power generation through combined solar-wind power system,” International Journal of 

Analytical and Experimental Modal Analysis, vol. XIII, no. V, pp. 711–727, 2021. 

[65] O. Lodin, N. Khajuria, S. Vishwakarma, and G. Manzoor, “Modeling and Simulation of wind solar hybrid system using 

MATLAB/Simulink,” International Journal of Innovative Technology and Exploring Engineering, vol. 8, no. 9S, pp. 218–224, 

Aug. 2019, doi: 10.35940/ijitee.I1034.0789S19. 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 15, No. 1, March 2026: 107-122 

122 

[66] A. A. Bangura, M. Errouha, H. Hihi, and Z. Chalh, “Modelling and simulation of the hybrid system PV-wind,” Statistics, 
Optimization & Information Computing, vol. 11, no. 1, pp. 143–153, Jan. 2023, doi: 10.19139/soic-2310-5070-1535. 

[67] M. M. R. Ahmed et al., “Mitigating uncertainty problems of renewable energy resources through efficient integration of hybrid 

solar PV/wind systems into power networks,” IEEE Access, vol. 12, pp. 30311–30328, 2024,  

doi: 10.1109/ACCESS.2024.3370163. 

[68] D. Sarathkumar, M. Srinivasan, A. A. Stonier, R. Samikannu, and D. Vijay Anand, “Design of intelligent controller for hybrid 
PV/wind energy based smart grid for energy management applications,” IOP Conference Series: Materials Science and 

Engineering, vol. 1055, no. 1, Feb. 2021, doi: 10.1088/1757-899X/1055/1/012129. 

[69] D. D. Angelova, D. C. Fernández, M. C. Godoy, J. A. Á. Moreno, and J. F. G. González, “A review on digital twins and its 

application in the modeling of photovoltaic installations,” Energies, vol. 17, no. 5, Mar. 2024, doi: 10.3390/en17051227. 

[70] W. F. Mbasso et al., “Digital twins in renewable energy systems: a comprehensive review of concepts, applications, and future 
directions,” Energy Strategy Reviews, vol. 61, Sep. 2025, doi: 10.1016/j.esr.2025.101814. 

[71] F. Yang, K. Chen, S. Qian, J. Zhan, R. Yu, and P. Song, “PSCAD-MATLAB coupled simulation method for power flow 

optimization using continuous reactive power controllable device,” Journal of Physics: Conference Series, vol. 1754, no. 1, Feb. 

2021, doi: 10.1088/1742-6596/1754/1/012026. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Nicholas Pranata     is a bachelor student in Engineering Physics at Universitas 

Multimedia Nusantara. He has extensive experience in research related to renewable energy, 

energy simulation, sustainability, environment, building science, and control systems using 

Arduino. Additionally, he has conducted several studies on the impact of engineering 

education. He has published various articles on these topics and is currently involved in 

research on several projects, including solar and wind energy, motor control for electric 

vehicles, and lighting systems for buildings, as well as Arduino control systems. He can be 

contacted at email: nicholas.pranata@student.umn.ac.id. 

  

 

Fahmy Rinanda Saputri     reached her bachelor's and master's degrees in 

Engineering Physics from Universitas Gadjah Mada in Indonesia. She is currently an academic 

in Engineering Physics at Universitas Multimedia Nusantara, Indonesia. Her research interests 

encompass instrumentation, energy, sensors, and systems, as well as building and 

environmental simulations. She can be contacted at email: fahmy.rinanda@umn.ac.id. 

  

 

https://orcid.org/0009-0004-1072-371X
https://scholar.google.com/citations?hl=en&user=Q4FDvNoAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=58575907600
https://www.webofscience.com/wos/author/record/MIN-9079-2025
https://orcid.org/0000-0002-2247-9361
https://scholar.google.com/citations?user=F0ytVtgAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57195617410
https://www.webofscience.com/wos/author/record/JFJ-8981-2023

