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Abstract. With the growth of the use of renewable energy in mobile 

business sectors, the need for a better understanding of solar photovoltaic 

(PV) systems is increasing. However, PV concepts are often taught using the 
theory and static electrical diagrams, and it is difficult to visualize energy 

conversion and interaction between components. In this study, a prototype 

of a food truck based on a solar cell was developed as a concept model of a 

photovoltaic power generation system (PLTS), and its technical 
performance was evaluated. The research followed an engineering design 

and testing methodology, including conceptual design, component 

integration, fabrication, and performance evaluation. The prototype 

consisted of solar panel, solar charge controller, battery, inverter, battery 
indicator, AC and DC loads and electrical control systems. Data collection 

consisted of measurements of the solar panel output, tests of the battery 

charging, load endurance and energy distribution. Descriptive analysis was 

used to compare theoretical calculations with operational performance. 
Results shows that the solar panel was at its peak performance at 12:00 

where it produces 19.68 V, 1.22 A and 24 W. Differences between 

theoretical and real endurance were shown by battery testing, due to losses 

of energy, inverter efficiency and conditions of the battery. The prototype 
was successfully demonstrated in converting the solar radiation into 
electrical energy by means of an integrated operational system.  
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1  Introduction 

Along with the increasing need for green energy, the trend of using solar power generation 

systems (PLTS) in many industries, including mobile enterprises such as food trucks, is also 

increasing. The usage of solar panels on food trucks is very important as it provides an 

independent source of energy and reduces dependence on conventional electricity so that 

sustainable enterprises are powered by clean energy [1]. Besides the operational, there is also 
great technical value in understanding energy conversion systems from the deployment of 

solar panels on food trucks. The technology allows the user to see the linkages between solar 

energy, electrical conversion, energy storage and power delivery to AC and DC load in a 

realistic manner. Theory and abstract diagrams alone cannot provide a conceptual knowledge 

of solar panels. A concrete medium is needed which can visualise the energy flow in a way 

that is contextually and practically useful [2]. Thus, the use of solar panels ideas to food truck 

prototypes is an important systems visualisation method to relate theoretical concepts to 

immediate use of renewable energy technology. 

But nevertheless, a difficult task to understand the notion of solar panels. The studies of 

PLTS systems are often theoretical, focused on mathematical calculations and electrical 

diagrams. This makes it difficult to understand the entire operation of the system. The 

constraints of interactive visualisation medium make the idea of current flow, solar charge 
controller operation, battery charging, DC-AC conversion, and power distribution to loads, 

abstract and difficult to analyse systematically [3]. This circumstance limits the knowledge 

about the integration of the solar power plant component in real applications. Furthermore, 

most of the practical media employed are static trainers that do not reflect the use of solar 

energy technologies in real operational situations [4], [5]. Therefore, the knowledge of solar 

power plant systems is mostly incomplete and cannot describe the relationships between 

components as a whole integrated energy system that adapts to industrial and green 

technology needs. 

Several prior studies built solar power plant-based trainers, simulators and electrical 

prototypes to support the knowledge of the solar power systems. But, much of the research 

is still focused on technical performance, energy efficiency, and electrical testing, rather than 

improving the mental abstraction with a contextual approach. The studies on the application 
of solar panels to food trucks are generally focused on power efficiency, electrical system 

design or optimising energy consumption for mobile business vehicle operations [6], [7]. 

There is very little research still that incorporates food trucks as a conceptual visualisation 

medium of solar power plant systems. The research gap is the lack of representative media 

that can combine solar energy flow simulations with real-world system implementation in 

mobile business vehicles. The innovation of this work is the development of a prototype of a 

food truck based on solar panels as an interactive visualisation model, which not only shows 

the technical configuration of a solar power plant system, but also shows the abstraction of 

the energy flow, the relationship between components and the process of power distribution 

in a contextual and applicable way. 

Current research on solar power education media is divided into two largely separate 

streams, each of which addresses only part of the problem this study aims to solve. Physical 
trainers and laboratory-based learning media have been shown to be effective in developing 

practical skills and enhancing learners' understanding of photovoltaic (PV) systems through 

hands-on activities and structured training formats [4], [8]. In parallel, visualization-based 

learning approaches have shown their value in helping learners interpret complex energy 

systems by presenting abstract concepts through interactive visual representations and 

information visualization techniques [2], [3]. But these two streams remain largely 

disconnected. Physical trainers are more focused on the component assembly, installation 

and operational procedures while not explicitly representing the energy flow in an integrated 
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PV system [4], [8]. In contrast, visualization methods are good at communicating system 

behavior and energy relations, but are typically offered as maps or digital representations that 

are not based on an actual physical platform [2], [3]. However, the research on solar-powered 

mobile applications, such as food trucks and other vehicle-based systems, has been mainly 

constrained to the engineering of performance, including energy efficiency, operational 

feasibility, and system optimization, without considering their role as instructional media 
Enhancing energy efficiency and cost redemption through solar-powered electric vehicles 

with induction cooking system for mobile hospitality in India [6]. To date, there is no research 

that merges energy flow visualization with a real mobile photovoltaic system in one 

educational medium. This study fills this gap by developing a food-truck-based solar panel 

prototype. The prototype is not only a functional system but also an interactive visualization 

model, allowing learners to see the technical configuration, energy flow processes and 

relations between the PV system components within a realistic business context. 

This study proposed a food truck prototype design based on a solar cell as a visualisation 

model of a solar power plant system. The prototype is intended to incorporate solar panels, 

solar charge controller, battery, inverter, battery indicator, control switches, AC and DC loads 

in a single visible and immediately operable system. This notion allows for a methodical, 

realistic visualisation of the process of transforming solar energy into electricity. Moreover, 
the food truck design is the tangible realisation of renewable energy in the mobile business 

sector. This study work is to develop a prototype solar-powered food truck which may better 

the conceptual understanding of the solar power plant systems and improve the analytical 

skills of the integration of solar energy in the context of sustainable technology applications. 

2  Methods 

In this research using the design engineering and systems testing approach [9], to construct a 

solar panel-based food truck prototype as a conceptual visualisation model of a solar power 

generation (PLTS) system. The study was performed in stages: system design, component 

integration, performance testing and energy performance analysis of the PLTS system 

applied in the food truck prototype. This approach was utilised to demonstrate inter-

component relations in the actual and observable conversion of solar energy into electrical 

energy [10]. 

The system was conceptually based on the basic principles of photovoltaics, which is the 

conversion of sunlight into DC electrical energy using solar panels. The generated electrical 

energy is then managed by a solar charge controller to ensure steady battery voltage and 
charging current. The energy is then stored in the battery as main source of power and used 

to feed DC loads or converted to AC utilising inverter. The system concept was designed in 

form of a food truck prototype to visualise the deployment of solar energy in a mobile 

business vehicle. The instrument panel and system diagram were created in such a way that 

all energy flows, electrical connections and component operations may be directly seen. 

The main elements employed in the study were a 20W solar panel, 12V solar charge 

controller, 12V lead acid battery, 500W DC-to-AC inverter, battery capacity indicator, 

control switch, Miniature Circuit Breaker (MCB), connection terminals, AC lights, and a DC 

load (USB fan). The prototype construction was designed to seem like a tiny food truck, and 

was built out of acrylic and a lightweight metal. The solar panel was installed on the roof of 

the prototype to optimise the intensity of sunlight. The prototype interior was fitted with an 

instrument panel showing the interconnections of gadgets and the route of electrical energy 
distribution. 

The technical part of the research started with the design of the system of the solar power 

plant via block diagrams and electrical wiring schematics. The system diagram showed the 

connections of solar panels, solar charge controller, battery, inverter, battery indicator, 
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switches and AC and DC electrical loads. Once the design was finalised and all electrical 

components were in place as per the system design, the prototype of the food truck was built. 

The next stage was related to the testing of the solar panel performance, battery charging and 

power consumption under AC and DC loads. The solar panel testing was done from 8:00 AM 

to 4:00 PM to find the changes in the voltage, current and power according to the sunshine 

intensity. The digital multimeter was used to take measurements for data on solar panel 
output voltage and battery charging current. 

Calculations of the solar power plant system were made on the basis of the analysis of the 

daily energy requirements and the capacity of the components employed. Power 

requirements are estimated according to the following equation: 

𝑃 = 𝑉 × 𝐼            (1) 

P=power (Watts), V=voltage (Volts), I=electric current (Amperes). The daily energy 

consumption was estimated by the equation: 

𝐸 = 𝑃 × 𝑡                     (2) 

Where E represents energy (Wh), P is load power (W) and t is consumption time (hours). The 

equation used to calculate the battery life to supply the load is as: 

𝑡 =
𝐶×𝑉

𝑃
             (3) 

Where t is the battery usage time (hours), C is the battery capacity (Ah), V is the battery 

voltage (Volts), P is the total load power (Watts). 

The inverter requirements analysis was done by adding up the total AC load power of the 

prototype. The inverter capacity was selected higher than the total load power to 

accommodate the inrush current when the device is switched on. The investigation also 

considered the inverter efficiency and system energy losses. The test data were analysed 

quantitatively by comparing theoretical calculations with the actual observations on a 

prototype solar-panel based food truck system. 

To verify the validity and reliability of the measurement data, the multimeter is calibrated 

by comparing its measurements to a reference standard that is significantly more accurate, 

by a factor of 4:1 or better, at various known points of voltage, current, and resistance. The 

error is then calculated as the difference between the reading of the instrument and the 

reference value [4]. Calibration should be performed in accordance with manufacturer 

recommendations and on a regular periodic basis. Additional calibration should be performed 

after any shock or suspected damage. The interval between calibrations should be carefully 

selected so that it is not too frequent (wasting resources) nor so infrequent that it risks the 

generation of unreliable data. Where the reliability of work is critical, instruments should 

ultimately be calibrated by an accredited laboratory and the certificate checked against the 

maximum allowable error to ensure that the measurements obtained are truly traceable and 

trustworthy. 

3  Result and Discussion 

In this research using the design engineering and systems testing approach [9], to construct a 

solar panel-based food truck prototype as a conceptual visualisation model of a solar power 

generation (PLTS) system. The study was performed in stages: system design, component 

integration, performance testing and energy performance analysis of the PLTS system 

applied in the food truck prototype. This approach was utilised to demonstrate inter-
component relations in the actual and observable conversion of solar energy into electrical 

energy [10]. 
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3.1 Visualization of the Solar Power System on a Food Truck Prototype 

The development results demonstrate that the prototype of a food truck successfully 

integrates the main components of a solar power generation system (PLTS) in an integrated 

operational unit. The prototype is designed to explain the inter connection between the solar 

panels, solar charge controller, battery, DC to AC inverter, battery indicator, control switch 

and AC and DC electrical loads. This gadget permits direct observation of the energy transfer 

from the solar source to the power distribution for the electrical demand.  

               

Fig. 1: The design and interior image of the PLTS on the food truck prototype includes: (a) rear door, 

(b) side door, (c) solar cell, (d) solar charge controller, (e) battery indicator, (f) MCB, and (g) on/off 
switch. 

 

Fig. 2: The PLTS system circuit consists of: (1) Solar Panel; (2) Solar Charge Controller (3) Switch 1 

for solar panel electricity flow; (4) Switch 2 for battery electricity flow; (5) Switch 3 for DC to AC 
inverter electricity flow; (6) Switch 4 for lamp electricity flow; (7) electrical current safety device; (8) 

Switch 4 for battery indicator flow; (9) battery capacity indicator; (10) As a place to store energy 
sources; (11) terminal connection device in the electrical circuit; (13) Inverter; and (13) Lamp  

The prototype was modeled after a small food truck, with solar panels on the roof to 

absorb the maximum amount of sunshine. The prototype features a back door and side 

windows to display the interior configuration and electrical energy distribution system 

embedded in the car. This design provides a more contextual and realistic portrayal of solar 

energy utilization in mobile business vehicles. The prototype interior comprises an 
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instrument panel with solar charge controller, battery capacity indication, on/off switch and 

Miniature Circuit Breaker (MCB). Fig. 1 presents the energy distribution links of the solar 

power plant system and the role of each component. The battery indicator and control switch 

enable the systematic identification of power flow in the system during operation. 

A solar power plant system electrical block diagram is presented to describe the system 

design and linkages between the main components. As shown in the figure, solar panels 

convert solar energy into direct current power then solar charge controller regulates the direct 

current power before storing in the battery. The electrical energy of the battery is then 

supplied to the DC loads or converted to AC current by an inverter for the purpose of 

providing AC loads of illumination. The system also includes switches and micro circuit 

breakers (MCBs) to control the distribution of electrical energy (Fig. 2).  

The results demonstrate that the food truck prototype is a suitable tool for the visual and 

operational presentation of solar energy to electricity conversion. Previous study has shown 

that the visualization of prototypes helps people to understand the relations between 

components [11], of renewable energy systems better than the standard static diagram 

methods [8]. However, most of the previous studies are still focused on flat panel trainers 

without field application context. In this study, the food truck concept is presented as a novel 

way to demonstrate a solar power system on a mobile business vehicle. This technique shows 

that solar energy is not only seen as a conceptual electrical system but as a real alternative to 

meet the demand for autonomous energy in the green technology driven mobile business 

sector. 

3.2 Solar Panel Performance Testing 

Solar panel testing was conducted between 8:00 AM and 4:00 PM to determine changes in 

voltage, current, and power output based on sunlight intensity. Test results showed that solar 

panel performance increased gradually from morning to afternoon and decreased after 1:00 

PM. 

As shown in Table 1, the maximum power was obtained at 12:00 with a voltage of 19.68V 

and a current of 1.22A, giving a maximum power of 24W. The performance of the 

photovoltaic is strongly dependent on solar radiation intensity and atmospheric conditions 
[12]. When the weather is cloudy or the sun is covered by clouds, the output of current and 

power is greatly decreased [13]. These findings suggest that solar panels can be used to meet 

the light energy requirements such as lighting and portable devices in the context of food 

truck application. However, energy stability still depends on weather conditions and energy 

storage. 

Table 1: Solar panel test results 

Time Voltage (V) Ampere (A) Power (W) 

08:00 18.12 0.08 1.44 

10:00 18.94 0.74 14.01 

12:00 19.68 1.22 24.00 

14:00 18.76 0.66 12.38 

16:00 18.20 0.12 2.18 

6

EPJ Web of Conferences 377, 06004 (2026) https://doi.org/10.1051/epjconf/202637706004

IPS 2026



3.3 Battery Charging Analysis 

Test results show that charging the battery using solar panels takes an average of about 5 

hours in sunny weather (see Table 2). The battery system serves as the primary energy storage 

to maintain a continuous power supply to the food truck prototype.  

Table 2: Comparison of theoretical and actual battery life 

Type of Load Theoretical Calculation Actual Results Difference 

DC loads (USB Fan 4,5 W) 27.2 hours 5.8 hours 21.4 hours 

AC loads (Lamp 6 W + 

inverter) 
6.2 hours 2.1 hours 4.1 hours 

 

The discrepancy between theoretical results and actual testing suggests energy losses in 

the system. The usage of old batteries reduces energy storage efficiency, and hence the 

operating times are shorter than the anticipated times. This result is consistent with prior work 

which states that the performance of lead acid batteries is greatly affected by the age of the 

battery, internal cell conditions, operating temperature and losses in energy distribution [14]. 

Furthermore, the usage of an inverter on an AC load results in efficiency reduction due to the 

conversion of DC current to AC [15]. The gap between theoretical and actual data in this 

study is a significant signal to understand the real characteristics of the solar PV system. The 

prototype allows the identification process of energy losses to be done directly, so that the 

interaction between theory and field implementation can be examined in a more realistic way. 

3.4 Analysis of Inverter Load and Capacity Requirements 

An energy requirements analysis was conducted to determine inverter capacity and estimate 
power consumption for the food truck system. The calculation was based on the total daily 

energy consumption of several electrical devices. 
 

Table 3: Daily Load Specifications of Solar Power Plant System 

Load Power (W) Duration of Use Energy Consumption 

Lamp 1 20 W 4 hours 80 Wh 

Lamp 2 11 W 4 hours 132 Wh 

TV 19 inch 80 W 4 hours 352 Wh 

Blender 350 W 0,5 hours 193 Wh 

Total 757 Wh/day 

 

Table 3 shows that on average it takes around 5 hours to charge the battery using solar 

panels under sunny conditions. The main energy storage is the battery system, which provides 

a continuous power supply to the prototype food truck. The inverter has a continuous rating 

of 500 W and a surge rating of 1,000 W. The inverter was selected based on the initial power 

surge especially when using a blender which requires an initial power of twice the normal 

running power.   

The results indicate that the solar power system of the food truck prototype can be used 

to model the energy needs of small-scale mobility firms. Previous research indicated that the 

entire load and surge capacity should be considered in the selection of inverters to preserve 

the system stability during first surges. In the renewable energy deployment field, the 

assessment of the power demands and inverter capacity is critical for the smooth operation 
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of a solar-powered food truck system. The study also suggests that mobile business cars with 

solar power plants can provide a more sustainable and efficient solution for autonomous 

energy. 

4 Conclusion 

The research has succeeded in making a prototype of a food truck using solar panels. The 

PLTS concept model is a description of the relationship between components and energy 

flow, which is systematic and can be used. The existence of solar panels, solar charge 

controllers, batteries, inverters, battery indicators, and AC and DC electrical loads suggests 

that the PLTS system can be embodied in a concrete application on a mobile business vehicle. 

The resulting prototype exhibits the technological architecture of the system and the 

operational and contextual process of the conversion of solar energy into electrical energy. 

From the test results, the solar panels were the most efficient at 12:00 with an output voltage 

of 19.68 V, a current of 1.22 A, and a maximum power of 24 W. The battery system can store 

energy for the supply of DC and AC loads. However, the empirical test results show a large 

deviation from the theoretical estimations due to the energy losses, inverter efficiency and 

the use of old batteries. The results indicate that environmental conditions, quality of 

components, and stability of energy distribution greatly influence the effectiveness of PLTS 

system. The research is unique in the combination of a mobile business vehicle with a solar 

energy system that has a technological and practical example of renewable energy. The 

present study would also help in the development of solar power visualization systems and 

show the potential application of solar energy in the independent business sector based on 

green technology and sustainable energy. 

 

This publication was funded by the Indonesia Endowment Fund for Education (LPDP) on behalf of the 
Indonesian Ministry of Higher Education, Science and Technology, and managed under the EQUITY 

Program (Contract Number 4308/B3/DT.03.08/2025 and B/284/UN39/HK.07.00/2025). 
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