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 The efficiency of PV modules remains relatively low, ranging from 15% to 

35%, depending on the type of silicon technology used, including 

crystalline, polycrystalline, and thin-film. Then, the energy extraction 

efficiency from Solar Power Generation could be a lot higher (below 70%), 

especially in Solar Power Generation systems that still need to implement 

the Maximum Power Point Tracking (MPPT) algorithm. The MPPT 

algorithm is implemented in power electronic devices, such as boost 

converters, to optimise the power output of solar modules under various 

operating conditions, particularly during partial shading conditions. 

Various MPPT algorithms have been developed, each with its strengths and 

weaknesses. To enhance the efficiency of Solar Power Generation, this 

research will use a more effective state-of-the-art algorithm, namely the 

"Komodo Mlipir Algorithm" (KMA). KMA exhibits low system 

exploitation characteristics, utilising high exploration strategies, which 

align with the hunting behaviour of the Komodo dragon. This algorithm is 

expected to increase Solar Power Generation efficiency to above 90%.  
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1. INTRODUCTION   

The role of electricity remains the most effective and efficient method of mass-energy transfer 

directly utilised by humans, compared to other methods such as wind utilisation in sailboats and the use 

of petroleum for internal combustion engines. However, electrical energy is a secondary form derived 

from the manifestation of primary energy conversion processes, such as wind, water, geothermal heat, 

sunlight, petroleum, and nuclear processes. The World Bank reports that, as of January 2023, at least 

91.3% of the global population had access to electricity [1]. 

Indonesia has a relatively high electrification ratio of 99.28%. However, it is regrettable that 

Indonesia still relies on 85.5% of its primary electricity sources on fossil energy. It is a highly polluting 

energy source and contributes significantly to environmental pollution. This situation presents a 

paradox, considering that Indonesia is located on the equator with an average solar irradiation of 4.8 

kWh/m²/day, receiving 12 hours of sunlight per day [2-3]. Solar power generation is one primary energy 

source component with a relatively low percentage in Indonesia. In 2023, out of Indonesia's 8.64% 

renewable energy mix, PV contributed only 0.16% [4-5]. Based on Indonesia's Electricity Supply 
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Business Plan, the country aims for carbon neutrality by 2060, with an initial target of incorporating 

23% new renewable energy into the energy mix by 2030.  

One challenge in utilisation, however, is that the efficiency of PV modules is still relatively low, 

ranging from 15% to 35%, depending on the silicon technology used (crystalline, polycrystalline, or thin 

film). Furthermore, the energy extraction efficiency from Solar Power Generation could be higher, 

especially in PV systems that still require the implementation of the Maximum Power Point Tracking 

(MPPT) algorithm in the solar energy extraction process [6-7]. Many PV installations, especially rooftop 

(off-grid) PV sites, still need the implementation of the MPPT algorithm in their systems. Therefore, 

MPPT must be developed and disseminated to the public and the government. The primary contribution 

of this research is the development of an MPPT algorithm for PV systems, enabling the system to extract 

up to 95% of the solar energy converted by PV modules under various operating conditions. 

 

2. RESEARCH METHOD 

2.1. PV Modules and PV Systems 

PV systems are power generation systems that comprise one or more solar modules connected in 

series or in parallel. PV systems typically includes power electronic devices that serve as interfaces 

between the PV modules and the load or battery. Based on the grid connection, PV systems can be 

categorised into two topologies: on-grid and off-grid systems [8]. PV cells are the primary components 

of PV modules, modelled as a diode connected to a resistor, as depicted in Figure 1. PV cells exhibit 

current and voltage characteristics expressed mathematically using Equation 1. [9-12]: 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑑 [𝑒
(
𝑉+𝐼𝑅𝑠
𝑁𝑆𝑘𝑇/𝑞

)
− 1] − (

𝑉+𝐼.𝑅𝑠

𝑅𝑝
) (1) 

 
Figure 1. PV modules equivalent circuit 

2.2. Maximum Power Point Tracking (MPPT) 

MPPT (Maximum Power Point Tracking) is the automatic load regulation in a PV system to track 

the maximum power point under various module operating conditions, allowing the system to extract 

optimal output power [13]. The MPPT circuit comprises control and DC-DC converter circuits, which 

can be implemented as a buck, boost, CUK, SEPIC, or buck-boost converter [14]. The DC-DC converter 

is driven by the controller, which utilises the MPPT algorithm to adjust parameters, thereby enabling 

the transfer of maximum power from the PV source under various environmental and load conditions. 

In simple terms, the MPPT system is shown in Figure 2. 

 
 

Figure 2. PV systems MPPT block diagram 
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2.3. MPPT Using KMA 

MPPT (Maximum Power Point Tracking) is the automatic load regulation in a PV system to track 

the maximum power point under various module operating conditions, allowing the system to extract 

optimal output power [13]. The MPPT circuit comprises control and DC-DC converter circuits, which 

can be configured as buck, boost, CUK, SEPIC, or buck-boost converters [14]. The DC-DC converter 

is driven by the controller, which utilises the MPPT algorithm to adjust parameters, thereby enabling 

maximum power transfer from the PV source under various environmental and load conditions. In 

simple terms, the MPPT system is depicted in Figure 3. 

MPPT (Maximum Power Point Tracking) is the automatic load regulation in a PV system to track 

the maximum power point under various module operating conditions, allowing the system to extract 

optimal output power [13]. The MPPT circuit comprises control and DC-DC converter circuits, which 

can be configured as buck, boost, CUK, SEPIC, or buck-boost converters [14]. The DC-DC converter 

is driven by the controller, which utilises the MPPT algorithm to adjust parameters, thereby enabling 

maximum power transfer from the PV source under various environmental and load conditions. In 

simple terms, the MPPT system is depicted in Figure 3 [15-16]. 

 
Figure 3. The representation of the KMA algorithm in searching for the optimal point 

The utilisation of the KMA algorithm in the MPPT problem involves how the KMA algorithm 

attempts to reach the highest peak point of the P-V curve generated by MPPT, as illustrated in Figure 4. 

 
Figure 4. MPPT P_V curve 
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2.4. Research Design 

This research begins with a literature review from various sources. It is a quantitative study based 

on laboratory experiments. In this study, a prototype power electronic device in the form of a boost 

converter is constructed and controlled using the Komodo Mlipir Algorithm (KMA)[15-16]. The 

following steps involve data collection and the selection of parameter values for each component of the 

PV system and load, which are then simulated using computer programs such as PSIM or MATLAB. 

Subsequently, the controller for the boost converter power electronic device is designed, considering the 

calculated component values based on the technical data of the solar panels and the load. The constructed 

model is simulated, and power values are chosen as the main observed variables. After a successful 

simulation, the final steps involve building and testing the prototype. The entire research draws 

conclusions based on the results obtained from simulation and hardware testing. 

The design, assembly, and measurement of the MPPT KMA experimental circuit were carried out 

in the Power Electronics Laboratory of the Electrical Engineering Department at USK. The data 

collection and analysis stages involve obtaining data by testing the equipment in the field. Once the data 

is obtained, it is analysed to determine whether the prototype can function appropriately according to 

the intended goals by examining the power output characteristics produced by the solar panel with and 

without MPPT.  

 

Figure 5. Block diagram of the MPPT KMA system design 

The partial shading condition is based on research done in [17], where three stages of solar 

irradiance are simulated. The first shading configuration is set up so that two modules (partially shaded) 

receive solar irradiance at 0.6 kW/m², while the remaining two receive 1 kW/m² of solar irradiance. This 

configuration is Partial Shading Conditions (PSC) Pattern 1. The second configuration is set to a 

Uniform Insolation Condition (UIC), where all modules receive 1 kW/m² of solar irradiation (under no 

shading condition). The third shading configuration is set up where one modules (partially shaded) 

receive the solar irradiance at 0.7 kW/m², two modules (partially shaded) receive the solar irradiance at 

0.9 kW/m², and the last module receives 1 kW/m². This configuration is Partial Shading Conditions 

(PSC) Pattern 2. Every shading condition stage is simulated for 4 seconds. Figure 6 illustrates the PV 

three-shading condition scenario. 
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Figure 6. Scenario of PV Arrays Shading Condition (a) PSC Pattern 1; (b) UIC; (c) PSC Pattern 2 

In this data analysis, efficiency will also be considered, both when using a conventional method 

and when using an MPPT. The prototype is functioning correctly if the obtained data aligns with the 

data in Table 1. 

Table 1. Shading condition scenario 

No. Shading Condition Efficiency 

1.  Partial Shading Condition Schema 1 > 90 % 

2.  No partial Shading Condition > 90 % 

3.  Partial Shading Condition Schema 1 > 90 % 

 

3. RESULTS AND DISCUSSION  

The Experimental setup is shown in Figure 7. The PV system and load are then simulated using 

MATLAB. The simulation uses 4 x 100 Wp or 400 Wp PV Modules with a variable load. The change 

in solar irradiance occurs every 4 seconds. Based on the shading scenarios developed in Figure 6, the 

maximum possible power that can be extracted from the PV arrays is calculated and plotted as the set 

point value. The computed maximum power value is shown in Figure 7 and Table 2. 
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Table 2. Maximum power output from 

every shading scenario 

No. 
Shading 

Condition 

Max Output 

Power  

(W) 

1. PSC Pattern 1  640 

2. 

No partial 

Shading 

Condition (UIC) 

1000 

3. PSC Pattern 1 760 
 

 
Figure 7. Maximum output PV array power for every given 

shading scenario 

 

The simulation of the proposed MPPT Algorithm is computed using MATLAB/SIMULINK 

software. The MATLAB simulation set-up (block diagrams) is shown in Figure 6. The KMA Algorithm 

is employed in the Boost converter by controlling the MOSFET PWM drive, where the MOSFET 

operates based on the algorithm to vary the voltage accordingly, thereby producing a power value as 

close as possible to the set point value, as specified in Table 2 and Figure 7. 

 

Figure 6. Simulation diagram setup 

The power and output voltage of the solar module, as determined by the KMA MPPT algorithm, 

are shown in Figure 10. The green line represents the maximum power output from the solar module 

based on solar irradiance, and the yellow line represents the actual power produced by the solar module. 
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Figure 7. Maximum power based on Solar Irradiance versus true PV Array Power Output using KMA 

The performance of the solar module, specifically its output power and voltage as regulated by the 

KMA (Komodo Movement Algorithm) Maximum Power Point Tracking (MPPT) strategy, is illustrated 

in Figure 10. In the figure, the green line signifies the theoretical maximum power that the solar module 

is capable of generating under given solar irradiance conditions. This represents the ideal or reference 

power output. In contrast, the yellow line indicates the actual power generated by the solar module when 

operated using the current implementation of the KMA algorithm. 

As shown in the figure, the KMA algorithm strives to track the maximum power point (MPP) under 

varying irradiance conditions. While it demonstrates a general tendency to track the MPP trajectory, a 

noticeable deviation remains between the ideal and actual power output curves. Specifically, the system 

efficiency remains below 90%, indicating a suboptimal energy harvesting performance at this simulation 

stage. 

This reduced efficiency is attributed to the fact that the current KMA algorithm is still in its initial 

development phase, referred to as Stage One of the simulation. At this stage, only a portion of the entire 

algorithm has been implemented, and not all the behavioural dynamics of the Komodo-inspired search 

strategy have been integrated. The complete KMA algorithm comprises three distinct stages, each 

modelled after the characteristic movements of different members of a Komodo dragon group: large 

males, females, and petite males, as illustrated in Figure 3. Stage One corresponds to the basic search 

behaviour inspired by the movement of large male Komodo dragons, which typically involves broader, 

exploratory searching with less precision. As the simulation progresses into Stage Two and Stage Three, 

incorporating the more refined and convergent movements of females and petite males, the algorithm is 

expected to achieve significantly better convergence towards the actual maximum power point. This 
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progression is expected to enhance tracking accuracy and increase the overall efficiency of the MPPT 

process. 

Therefore, while the current results are promising in showcasing the initial tracking capabilities of 

the KMA algorithm, further improvements are expected once all behavioural stages are integrated. The 

full implementation of the algorithm is likely to yield a more precise and responsive MPPT strategy, 

thereby reducing power losses and enhancing the reliability of solar energy conversion under dynamic 

environmental conditions. 
 

4. CONCLUSION  

In conclusion, the preliminary simulation results demonstrate that the KMA (Komodo Movement 

Algorithm) exhibits a fundamental ability to track the maximum power point (MPP) of the photovoltaic 

(PV) system under varying irradiance conditions. Despite this, the observed tracking efficiency currently 

remains below 90%. This limitation is primarily due to the algorithm being in its early stage of 

development, specifically Stage One of the three-stage simulation framework. At this initial stage, only 

movement patterns inspired by adult male Komodo dragons have been implemented, focusing on broad 

and exploratory search behaviour. 

The full potential of the KMA algorithm is expected to emerge as the subsequent stages are 

incorporated. Stages Two and Three will simulate the more adaptive and convergent behaviours inspired 

by female and juvenile Komodo dragons, respectively. These stages are designed to refine the search 

process, enhance local exploitation, and improve the overall convergence towards the global maximum 

power point. Once all three behavioural stages are fully integrated, the algorithm is anticipated to 

significantly enhance its MPPT accuracy and operational efficiency, ultimately ensuring more effective 

energy harvesting from the solar module across a broader range of environmental conditions. 

Future work will focus on implementing and validating these additional stages, as well as 

benchmarking the complete KMA algorithm against other established MPPT techniques to quantify its 

advantages in real-world scenarios. 
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