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Abstract: As a tropical country, Indonesia has unlimited source of solar energy. This advantage can be used to 
increase the performance of mini unmanned aerial vehicles (i.e., its endurance or flight time without adding 
significant mass or increasing the size of the fuel system). Hence, a vehicle is designed to simulate the advantage 
of using the unlimited available renewable green solar energy together with a comprehensive analysis of the latest 
advancements in design requirements & objectives (payload, speed, range/endurance), aero-configuration, solar-
based power integration, and hybrid energy management strategies for UAVs. Key components, including motors, 
electronic speed controllers (ESCs), propellers, and energy storage systems, are examined alongside emerging 
technologies such as photovoltaic (PV) materials. Power management techniques, including maximum power 
point tracking (MPPT) and intelligent energy control algorithms, are also discussed in the context of long-
endurance missions. Challenges related to energy density, weight constraints, environmental adaptability, and 
component integration are highlighted, with insights into potential solutions and future directions. The objectives 
of this design simulation are to guide the development of efficient, sustainable, and high-endurance UAV 
platforms leveraging electric-solar hybrid propulsion systems. 
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1 Introduction 

Indonesia is a large group of islands located between 
the Indian Ocean and the Pacific Ocean, making it 
extremely important geographically. It acts as a 
connector between the continents of Asia and 
Australia. Indonesia, an archipelago with over 17,000 
islands, has more than 6,000 inhabited islands. 
Indonesia mostly sits on the equator, spreading across 
the southern part of Southeast Asia and stretching into 
Oceania. Indonesia is roughly situated between 6°N 
and 11°S latitude and 95°E and 141°E longitude, 
spanning three time zones: Western Indonesia Time 
(WIB), Central Indonesia Time (WITA), and Eastern 
Indonesia Time (WIT).  Indonesia shares land borders 
with three countries: Malaysia on the island of Borneo 
(shared with Kalimantan), Papua New Guinea on the 
island of New Guinea, and Timor-Leste on the island 
of Timor. To the south, Indonesia borders Australia 
across the Timor Sea. To the north, it has maritime 

boundaries with the Philippines, while Singapore lies 
to the west of Indonesia, across the Strait of Malacca 
[1]. With abundant natural resources and a very 
important geographical position, to serve and guard its 
territory, Indonesia needs an efficient armament, 
transportation and communication tool. 

An Unmanned Aerial Vehicle (UAV), commonly 
known as a drone, is an aircraft operated without a 
human pilot on board, controlled either remotely by a 
human operator or autonomously via onboard sensors 
and software. Powered by electric batteries or engines, 
they are used for surveillance, reconnaissance, 
agriculture, communication, and logistics. UAVs have 
undergone remarkable development over the past 
decade across military, civil, and academic domains, 
due to their versatility, efficiency, and cost-
effectiveness, fundamentally transforming the 
landscape of modern aerospace engineering. However, 
their operational endurance remains constrained by 
limited onboard energy storage. Recent research has 
focused on electric propulsion systems integrated with 
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hybrid energy sources, particularly the combination 
of solar cells and advanced battery technologies to 
overcome this limitation. In recent years, increasing 
attention has been devoted to achieving adequate 
mission performance through low-cost and 
lightweight platforms without relying on expensive 
composite structures or aviation-grade sensors [2 - 
37]. 

With the main objective to have UAV with long 
endurance time, in this paper the author concentrates 
on the design and analysis of mini-UAV powered by 
solar energy use in Indonesia, namely M-SP-UAV-
X1. 

 

2 UAV Configuration 

One of the main problems in mini unmanned aerial 
vehicles is endurance or flight time since the general 
domain aircraft uses conventional fuel, which is a 
pollutant, has a limited life and is costly. Then, there 
is a huge demand for using an unlimited non-
exhaustible source of energy. Solar energy is one of the 
unlimited available renewable energies, especially in 
tropical country like Indonesia, which can be used to 
increase the endurance of unmanned aerial vehicle without 
adding significant mass or increasing the size of the fuel 
system [2 – 12 and 28]. Table 1 presents the DR&O, Design 
Requirements (R) & Objectives (O) of M-SP-UAV-X1. 
The approach to develop the configuration is shown in 
Figure 1, where the input is the DR&O. 

Table 1. Design Requirements (R) & Objectives (O) 

Payload 0.5 kg (R) 
Speed 26 km/h (O) 
Endurance long/extended endurance (O) 

Mission reconnaissance and 
surveillance (R) 

Certification Indonesian certification (R) 

The DR&O are used to guide and evaluate the 
development of the overall aircraft configuration. 
There are two simple balances: 
a. Weight balance: the lift force has to be equal to the 

weight of all the elements constituting the airplane. 
b. Energy balance: the energy that is collected during 

a day from the solar panel has to be equal to or 
higher than the electrical energy needed by the 
airplane during its level flight. 

 
Figure 1. Flow chart to develop the configuration 

On the basis of the design requirements & objectives 
defined and the results of the market analysis, a twin-
boom high-wing pushing propeller and inverted V-tail, as 
shown in Figure 2, has been selected. Such configuration 
is very versatile, is most famously embodied by the RQ-7 
Shadow Unmanned Aerial Vehicle (UAV), this specific 
design is common in many modern surveillance and 
logistics drones [5, 6, 7, 8 & 9]. This configuration is 
primarily used in Unmanned Aerial Systems (UAS) for its 
aerodynamic and practical advantages, particularly for 
long-endurance missions:  
a. Pusher Propeller: The engine and propeller are mounted 
at the rear of the aircraft, which provides a cleaner airflow 
over the wings, improving aerodynamic efficiency. It also 
allows for an unobstructed view for surveillance 
equipment in the nose of the central pod. 
b. Twin-Boom Tail: The tail assembly is supported by two 
separate booms extending rearward from the wings or the 
central pod. This structure allows the central fuselage area 
to be free for large cargo hatches or equipment placement. 
c. High-Wing: The wing is mounted high on the fuselage, 
which enhances stability. 
d. Inverted V-Tail: Instead of a conventional horizontal 
stabilizer and vertical fin, the aircraft uses two slanted 
surfaces angled downward (forming an "A" shape, or 
inverted "V"). This design reduces drag and overall wetted 
area compared to a traditional H-tail configuration. It 
combines the functions of the elevator and rudder into 
single control surfaces called "ruddervators". Placing the 
inverted V-tail above the immediate propeller wake 
reduces turbulent flow and potential buffeting, leading to 
better low-speed responsiveness and stability 
characteristics. 
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Figure 2. M-SP-UAV-X1 overall configuration 
 

Based on the requirements of lift and power and 
competitor survey, the rectangular center-wing and 
taper at the wing-tip planform, as shown in Figure 3, 
has been selected. To increase the stability, 7 deg. 
dihedral has been adopted at the wing-tip on both sides, 
which also includes ailerons for easy control. 

 
Figure 3. Wing configuration 

The airfoil used for the wing was 
specifically designed by W. Engel (WE3.55-
9.3) for its best wing efficiency (CD/CL

3/2), 
performance and less camber for cell 
placement of solar cells, which is the same 
airfoil designed for Sky-Sailor [3, 7, 8, 9, 10 
and 11]. Table 2 gives the wing data. 

Table 2. Wing data 

         WING     
 root chord 0.3   m 
 tip chord 0.2   m 
 semi-span-inner 0.815   m 
 semi-span-outer 0.5   m 
 Total span 2.63   m 
 Taper ratio 0.667    
 Area 0.739   m2 
 Aspect Ratio, AR 9.36   

3 Power required & available 

Circuit diagram 
From the circuit diagram shown in Fig. 4, the energy 
received from the Sun is collected by the solar panel, 
which converts it into electricity and then there is the 
maximum power point tracker (MPPT), which helps 
in tracking the maximum power of any solar cell and 
provides it at all times. In MPPT, there are 3 
terminals: one is connected to the solar panel; the 
other, to load (motor); and the last one, to the battery. 
Then, in level flight, the MPPT sends power directly 
to the motor from the solar cells and, when gliding, as 
the motor does not require power, the battery starts 
charging [3, 4, 8, 12, 14, 15, 18, 19, 22 and 26-37]. 

 

Figure 4. Circuit diagram for M-SP-UAV-X1 

If an excess of power is required, during climbing 
or when the solar intensity is low, the battery supplies 
the required power, which is stored into the motor. 
Thus, from the battery, the energy goes to the motor, 
which rotates the propeller and, between them, there 
is an electronic speed control (ESC) regulating the 
speed. 

Besides the present battery, there is an additional 
small pencil battery to control the avionics; the reason 
to separate it is, even if there is any problem in the 
main circuit or else, any damage in the cells still 
controlling the plane can be done as the control 
system’s battery is not connected to the main circuit, 
which helps in safe landing. 

 Power required for level flight  

At steady level flight, the lift force generated by 
the wing exactly compensates for the weight, and the 
propeller thrust, for the drag force [3, 8, 27, 29 and 
38], hence aircraft weight (W) = lift (L) and thrust (T) 
= drag (D). Table 3 presents the required parameters 
for calculating level flight. 
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Table 3. Required parameters for calculating level flight 

Parameters SI units 
Maximum weight, m 2 kg 
Gravity, g  9.81 m/s2 
Airfoil lift coefficient, CL 0.91 
Airfoil Chord 0.3 m 
Wing area, S 0.7389 m2 
Airfoil drag coefficient, cd 0.0115 
Oswald’s efficiency, e 0.773 

W = m*g = L = 0.5*ρ*V2*CL*S (1) 

T = D = 0.5*ρ*V2*CD*S  

T = D = (cd + CDi)(0.5*ρ*V2*S) (2) 

Induced drag CDi = CL
2/(π*e*AR) (3) 

Oswald’s efficiency:  

e = 1.78*(1 - 0.045*AR*0.68) – 0.64 = 0.774 (4) 

The power required for level flight is: 

 Preq = T*V=D*V, where V = speed (km/h) (5) 

Aircraft lift coefficient CL.a/c = 0.9*0.91 = 0.82 

Aircraft weight W = m*g = 2*9.81 = 19.62 N 

Vcruise = SQRT (2*19.62/(1.22*0.739* 0.82)) 

Cruise speed, Vcruise = 7.3 m/s = 26.244 km/h 

The total drag (fly at (L/D)max): 
• the wing cd, which is around = 0.2755 N; 
• the induced drag, which accounts for 0.7069 N 

due to very high lift 
• the body (fuselage) + tail drag, which is taken 

1.7 times the airfoil drag. 

Power required = Preq = D*V = 10.575 watts 

In order to get this much power, more power 
should be extracted from batteries as there are 
electronics in the circuit for which there will be 
losses during conversion and efficiencies involved 
must be included [3, 8, 27, 29, 30, 31 and 38]: 

Propeller efficiency of 80%, motor efficiency of 
80%, ESC efficiency of 70% and the battery 
discharge efficiency of 90%, so that it is obtained a 
total of 40.32%. Here, extra 2 W are added to other 
losses.  

Hence, the total power required from the 
batteries is = Total power required =  

Ptot.req = 10.575 watts /40.32% = 28.229 watts 

The other circuit was from the battery to solar 
cells in which solar encapsulation was 90%; solar 
cells, 22%; camber efficiency, 90%; MPPT 
efficiency, 90%; and battery charging efficiency, 90% 
[3, 8, 27, 29, 30, 31-35 and 38], totaling 14.43%. 

In order to get this power, the required solar 
irradiance is: 

 

 Hence, for 24 solar cell, 522 W/m2 of solar 
irradiance is required in order to have a level flight. 
Figure 5 shows the arrangement and connection of 
solar cells (up to 30 cells) on the wing. 

 
Figure 5. Arrangement and connection of solar 

cells on the wing 

Power available  

According to [3, 4, 11 and 39], the power 
available from solar energy is calculated during 
February 16th, 2025, since February represents the 
coldest seasons in which minimum solar radiation 
occurs. 

Figure 6 gives solar power available at Jakarta, 
latitude (Ф) = - 6.2 deg. (above sea level = 0.2 km). 

 

Figure 6. Solar power available at Jakarta. 

Based on Figure 6, M-SP-UAV-X1 can have 7.5 
hours of flying/endurance-time by using solar power 
alone (for wing with 30 solar cells). 
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aerial vehicles (UAVs) require careful coordination 
across aerodynamic, structural, and energy 
subsystems, particularly when targeting flexible, 
high-aspect-ratio configurations. Parametric 
analysis and optimization of solar-powered UAVs 
focus on maximizing endurance by balancing 
aerodynamic efficiency, structural weight, and solar 
energy harvesting. Key design parameters include 
wing aspect ratio, airfoil shape, solar cell efficiency, 
battery energy density, and flight speed. 
Optimization aims for minimum power consumption 
and maximum flight endurance, often using tools 
like Python-based CAD software FreeCAD for 
geometric modelling [40-52]. 

Key benefits of optimization: extended 
endurance: increased flight durations, with some 
systems achieving 24+ hour, multi-day, or 
continuous, uninterrupted flight; enhanced energy 
efficiency: significant reduction in battery 
consumption (e.g., up to 22.5% improvement) and 
improved adaptability: enhanced performance under 
variable weather conditions, such as cloudy or low-
sunlight periods [45 and 48-52]. 

These optimizations allow solar-powered UAVs 
to operate efficiently in critical applications like 
environmental monitoring, surveillance, and as 
aerial communication relays. 

5 Conclusions and recommendations 

  Solar-electric hybrid propulsion systems present a 
promising solution to overcome the endurance 
limitations of conventional battery-powered UAVs. 
This design simulation has explored the enabling 
technologies, including high-efficiency electric 
motors, solar–battery–fuel cell architectures, MPPT-
based energy management, and hybrid system 
modelling techniques.  

As solar-electric UAVs progress toward real-
world implementation, sustained interdisciplinary 
research will be vital to address ongoing challenges 
in integration, efficiency, reliability, and scalability. 
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