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Abstract – In this project, a mobile, renewable, and versatile generation unit is designed. It utilizes solar and wind 
energy resources which make it usable in any location. The power source can effectively support emergency 
situations, such as hurricane, wildfire, earthquake, as well as special events such as remote training. It can provide at 
least 3.7kW to run multiple tools used during search and rescue situations. Specifically, the unit has seven 5-VDC  
2-A DC/USB outlets, two AC 120-V 15-A outlets, and four 6-W LED lights which serve diverse equipment and 
devices. Its battery system could potentially run on its own for 12 hours when supplying 1kW. The unit is housed in a 
normally-sized trailer with the total weight of around 10,000 lbs. It is very versatile as it can be towed by any popular 
truck to diverse locations. Simulation has shown that the unit works properly and all design expectations have been 
met. The use of this green power source will help save lives while keeping our air clean. 
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1. Introduction 

As the global climate change worsens, locations 
around the planet experience increasing numbers of 
natural disasters and environmental crises [1]. In the 
events such as a hurricane making landfall, a wildfire 
getting out of control, or an earthquake happening, 
many people and communities are left without power 
while emergency services and rescue workers attempt 
to provide aid and restore normalcy to the affected 
areas [2]. This project aims to offer a valuable power 
supply tool to support mitigation efforts in such 
situations. The project not only provides a promising  

 
 
solution to delivering needed power to affected 
communities, but it does so by utilizing available 
renewable resources (solar and wind) in a mobile 
generation unit [3]. The unit is designed to be built 
inside a trailer that can be towed by an average-size 
pickup truck such as a Ford F-150. Versatility and ease 
of use combined with a hybrid generation method make 
the unit an accessible and effective method to providing 
needed power to communities during times of 
immediate climate crisis, disaster, and other special 
events [4] [5] . 
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It has been shown that hybrid power systems that 
utilize both solar and wind energy result in a more 
efficient power output as compared to single-source 
renewable power systems. This is thanks to the fact that 
the two variable sources complement and support each 
other. During times where one would be producing less 
power the other would be producing more [6-8]. The 
concept of a hybrid solar and wind system is gaining a 
lot of attention presently and much work is being done 
to make it a well understood and common method of 
generation [9]. Because our mobile power generating 
unit is intended for use in all kinds of climates and 
weather conditions, hybrid wind-solar energy is a very 
suitable generation method. Additionally, the hybrid 
generation system would be more compact to fit on a 
trailer.  

 It is important to incorporate a Battery Energy 
Storage System (BESS) into the mobile generation unit 
to store solar and wind energy, as well as to release the 
energy at times of need [10-12]. A lithium-ion battery 
is most appropriate for this unit. The battery is efficient, 
lighter and more compact than lead acid batteries and it 
has a longer lifespan [13]. It also has a much higher 
energy density than other typical battery sources, such 
as nickel-cadmium [14].  

The solar panels chosen for the mobile unit must 
have certain size to fit the trailer and must support the 
unit energy demand, as well as be cost effective [15]. 
The same consideration must be made when choosing 
the best type of wind turbine. In this case, the best 
option is a Vertical Axis Wind Turbine (VAWT) 
because it has a power output that fits power needs yet 
can be disassembled and placed within the trailer 
during transportation [16] [17]. 

Overall, our goal is to design a generation unit that is 
mobile, powerful, renewable, and versatile. Currently, 
there is a lot of research and development being done 
on power systems that utilize a hybrid of two or more 
energy sources. Hybrid systems using solar PV, wind 
turbine and battery have been investigated for different 
purposes, such as charging portable devices, achieving 
energy independence for family houses, smart farming, 
and other power supply purposes [18-21]. Though, our 
mobile hybrid power source is unique in its trailer-
based design, significant power capacity, functionality 
and intended purposes. It provides a new option to 

supply power to emergency and rescue situations that 
increasingly arise due the climate changes. Apart from 
that, it can be used for other special events such as 
military training, camping, and public events where 
grid power is not available. 

2. Design of mobile power source 

The circuit diagram of the mobile generation unit is 
shown in Fig. 1. Its power sources include a solar PV 
panel, a wind turbine and a battery. A charge controller 
is used to charge the battery using wind or solar power. 
A rectifier is used to convert the AC power of the wind 
turbine to DC to charge the battery. An inverter is used 
to convert the battery or solar system or wind turbine 
DC power to AC to supply the AC loads. The unit 
supports seven 5-VDC 2-A DC/USB outlets, two AC 
120-V 15-A outlets, and four 6-W LED lights. The unit 
design power output is approximately 3.7kW (the total 
power demand of all outlets). Capacitors are used to 
supply reactive power (not shown in Fig. 1). A control 
system manages the unit operation. 

Multiple factors were taken into consideration when 
determining the power capacity for the mobile unit. 
These factors included the average power consumption 
of single-family houses (4-5kW), the size of the trailer 
that should be used, the number of solar panels that 
could fit on the trailer, and the type of wind turbine that 
should be used (VAWT).  

 

Fig. 1 Circuit diagram of mobile power source 
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 The power capacity of 3.7kW would be sufficient to 
support multiple AC tools and DC/USB devices that are 
likely used during search and rescue situations, as well 
as in special events. Examples of those tools and 
devices are drilling tools, cutting tools, communication 
equipment, medical equipment, laptops, lighting etc. In 
case more power is needed, multiple units may be used. 

The following sections present the design of 
individual sub-systems of the mobile generation unit. 
Each sub-system is implemented and tested via 
simulation using MATLAB Simulink. Then, the 
complete system is obtained by integrating the 
individual sub-systems and simulated for evaluating its 
overall performance. 

2.1 Trailer design 

The first task was determining the size, type, and 
shape of the trailer to house the mobile unit sub-
systems. After a thorough research, it was decided to 
use the payload capacity of popular pickup trucks in the 
United States (e.g. the Ford F-150) as a reference for 
the trailer sizing. The 2021 Ford F-150 has a towing 
capacity up to 12,700 lbs [22, 23]. Using a towing 
capacity of 10,000lbs, a relatively big trailer may be 
used to maximize the power capacity of the mobile 
source. This way, the mobile source offers great 
easiness of use to consumers as they can use popular 
trucks to move it to diverse locations. At the same time, 
the unit meets the desired power capacity of 3.7kW.  

A trailer was chosen with dimensions of 
8.5ft×27.8ft×7.6ft (W×L×H) that has an empty weight 
of 3,810 lbs and a load capacity of 6,180 lbs [24]. If 
filled to weight capacity, the trailer would weigh 
9,990lbs which falls within the acceptable weight based 
on the towing capacity of 10,000lbs. Federal legal 
requirements were also carefully considered in order to 
ensure that the unit would be legally roadworthy. The 
standard federal legal limits for any normally-sized 
trailer are 8.5ft×28ft×13ft (W×L×H). Therefore, the 
selected trailer is well within the legal limits. 

The design features of this trailer are one of the most 
unique portions of this project. To make the most use 
of space and to capture the maximum amount of the sun 
irradiance, the trailer has side panels that will open up 
  

 

Fig. 2 Closed overhead view of trailer 

 

Fig. 3 Open view model of the trailer 

 

Fig. 4  Open view looking in from the back of the 
trailer with the wind turbine and support pole visible 

 

Fig. 5  Open view from the front with the  
battery system visible 
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and out like wings. The solar panels on the lengthwise 
portion of the trailer will be embedded into the trailer 
sides. When the trailer is parked, the side panels will 
hinge up and out and braces on the inside of the wings 
will fold down for support. The 3-D trailer design is 
shown in Fig. 2 through Fig. 5 and in Appendix. 

There are four 6-W LED lights located on the 
underside of the open side panels (two on each side) to 
provide light during evening time. The inside of the 
trailer contains the entire wind turbine unit that can be 
removed and installed next to the trailer. Everything 
else including the backup battery system and the rest of 
the components will all be housed within the trailer and 
firmly harnessed in place so that they will not move 
during transit.  

2.2 Solar PV system 

The chosen solar PV panel is E20-435-COM by 
SunPower® [25]. This model was chosen due to the 
limited number of panels that could fit on the trailer as 
well the highest power capacity per panel at the lowest 
cost. Each panel has an individual power output 
capacity of 435 W and 73.9 V and weighs 56 lbs. The 
dimensions of one panel are 81.6in × 42.2in with a price 
point of about $100 per panel and an average 25-year 
lifespan.  

Given the solar panel dimensions and the outer 
dimensions of the trailer, it was calculated that 16 
panels could be placed on the sides and top of the 
trailer, yielding a total power output capacity of 
6,960W. The solar panel size would yield an average 
output of 4,230.7W (Fig. 6) which is sufficient to 
provide the mobile unit peak output of 3.7kW during a 
day and some power to charge the battery. This ensures 
power supply in a worst-case scenario where the wind 
turbine does not produce power. 

The solar system is implemented using a PV model 
of MATLAB Simulink where a  17-ohm resistor is 
connected between the positive and negative terminals 
of the PV model (Fig. 7). The irradiance input for the 
model can be varied at a temperature of 250C (a 
standard test condition). An ammeter and a voltmeter 
are used to measure the current and voltage output of 
the system, as well as to calculate its power output. The   
 

 

Fig. 6 Average power output of  solar PV system 

 

Fig. 7 Simulink model of solar PV system 

solar system power  output was  obtained  using its 
voltage and current outputs for different values of 
irradiance at a constant temperature of 25° 𝐶. The 
results are shown in Fig. 6. The plot shows how 
increasing irradiance raises the power output of the 
solar system. By plotting for an average set of 
irradiances that could be found in any given area of the 
United States, the solar system average power output is 
estimated to be 4,230.7W. 

2.3 Wind turbine 

The size of the wind turbine is chosen to be 5kW 
which would provide the mobile source peak output of 
3.7kW at night where the solar system does not produce 
power. In low-wind conditions, it can provide part of 
the peak demand while the remaining demand can be 
met by the battery.  Since horizontal axis wind turbines 
(HAWT) take up a lot of space, a vertical axis wind 
turbine (VAWT) was chosen. The VAWT is more 
compact and is able to function on a smaller scale.  

A 5-kW VAWT from Engelec Energy® was chosen 
for the project. This model has a power capacity of 
5kW and weighs 1,100 lbs [26]. The wind turbine has 
a diameter of 3.6m and a height of 4.5m. The VAWT 
would be elevated at least 6 meters in the air by a 
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support pole. When not in use, the VAWT could be 
removed from the pole and stored within the trailer as 
shown in the trailer 3-D model. 

 For simulation, a time-domain model of a HAWT in 
[27] is used with modification to obtain the desired size 
of the project VAWT wind turbine. The radius of 
HAWT is changed to 6 meters which yields 5 kW at a 
wind speed of 10 m/s. Additionally, the power factor of 
the wind turbine is upgraded to 0.88 lagging by 
connecting capacitive components in parallel to its 
induction generator. The Simulink model of the wind 
turbine is shown in Fig. 8 where testing has shown that 
the model functions normally. 

2.4 Battery energy storage system 

A Fronius Solar Battery System has been chosen so 
that the charge capacity matches the total power output 
capacity of the power source [28]. This battery system 
has a nominal charge capacity of 12 kWh, which can 
store the peak power of the solar system (around 7kW) 
and the wind turbine (5kW). Its usable capacity is 9.6 
kWh at the depth of discharge of 20%. The battery 
system could potentially run on its own for 12 hours 
when supplying 1kW. It has a voltage range of 320V– 
460V, a nominal charge/discharge power of 6.4 kW, 
and a maximum charge/discharge current of 16A. The 
dimensions of the battery unit are 37.59in × 22.44in × 
24.06in (H×W×L) and its weight is 388lbs which can 
easily be installed inside the trailer.   

The battery serves as a backup power sub-system to 
the solar-wind hybrid generation unit. A control system 
is used to ensure that the battery is not discharged more 
than 80% of its energy capacity to preserve its lifespan. 
The control system is described in Section 3. 

For simulation, the battery block in Simulink was 
used to replicate the effect of a lithium-ion battery cell. 
Since the state of charge (SOC) has a range from 80% 
to 100%, the nominal voltage is 300V, the cutoff 
voltage is 240 V, and the fully charged voltage is 320V. 
The rated capacity of the battery cell is 37.5 Ah, the 
maximum capacity is 90 Ah, and the capacity at 
nominal voltage is 81.39 Ah. When being simulated, 
the battery model charges over time using the power 
from the wind turbine and the solar system to provide 
the fully charged voltage of 320 V (Fig. 10).  

 

Fig. 8 Simulink model of wind turbine 

 

Fig. 9  Simulink model for battery system 

 

Fig. 10 State of charge behavior and voltage output  
of Simulink-based battery system 

2.5  AC/DC outlets and lighting 

There are four LEDs used in the mobile unit where 
each light is rated at 12V, 2A and 6W. Their power 
consumption is 24W in total. The simulation results for 
the LEDs lights meet design expectation showing 
approximately 12.1 V and 2.02 A. These results are 
shown in Fig. 11 and Fig. 12. 
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Fig. 11 Total LED voltage 

 

Fig. 12 Total LED current 

 

Fig. 13 Total DC and USB outlet voltage output 

 

Fig. 14 Total DC and USB outlet current output 

The total DC power of the two DC outlets, five USB 
outlets, and 4 LEDs is 95.2W, which meets the 
expected designed power of 94W. The results are 
shown in Fig. 13 and Fig. 14. 

2.6 Inverter, rectifier, and boost converter 

The inverter is used to convert the power from the 
solar system, wind turbine, or the battery to AC power 
to supply AC loads. It is rated based on the solar system 
capacity, aiming to convert most of the solar power. 
Recall from Section 2.2 that the maximum capacity of 
the solar system is 6,960W and the average power 
output is 4,230.7W. Based on these outputs, a 
commercial 6-kW inverter has been chosen where the 
size is around the average of 6,960W and 4,230.7W 
(1/2 × (6960 + 4230.7) = 5595W). The device weighs 
148 lbs and has physical dimensions of 9.53in × 
18.39in × 24.09in (H×W×L). Its input voltage is 
48VDC and its output voltage is 120VAC [29].  

At 90-percent efficiency, the inverter AC output is 
5400W while the designed peak output of the mobile 
unit is 3.7kW. This offers a possibility to add one more 
AC outlet to the mobile unit if desired. 

In the system simulation, the inverter must provide 
120-V, 60-Hz AC output while taking power from the 
battery. This is achieved by using two logic switches 
and two inductors inside the inverter to control the 
output current as the battery SOC varies. A series of 
switches are also added at the output of the inverter to 
regulate the power drawn from the battery by turning 
on and off one or both AC outlets. This is done based 
on the amount of energy remained in the battery to 
protect it from permanent damage. The inverter logic 
switches and the inductors are shown in Fig. 15, along 
with the AC outlets. 

For the wind turbine, a rectifier is used to converts its 
3-phase AC voltage to DC voltage. In addition, a DC-
DC boost converter is connected in series with the 
rectifier to raise the voltage to a value that is adequate 
to charge the battery. 

The Simulink-based model of the rectifier and the 
DC-DC boost converter for the wind turbine is shown 
in Fig. 16. The DC-DC boost converter uses a diode, a 
MOSFET, an inductor, and a capacitor. 
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Fig. 15 Inverter switches and inductors (left)  
and AC outlets (right) 

 

Fig. 16 Simulink model of rectifier circuit  
with DC-DC boost converter for wind turbine 

3. Control system  

The control system manages the outlet operation and 
protects the battery by monitoring its state of charge. 
The control logic is shown in Fig. 17 and the control 
scheme works as follows. 

Sensors read power coming into the battery (i.e. the 
power output from the solar system and the wind 
turbine) and battery state of charge (SOC). If the battery 
SOC is less than or equal 40% the control system will 
display “Low battery” alert. If the battery SOC is less 
than 30% it will open circuit breakers to disconnect all 
outlets. The lower threshold for the battery SOC (i.e. 
the depth of discharge) may be reset to 20%. This is to 
preserve the battery lifespan. 

The control system also monitors the power input to 
the battery and switches the AC outlets based on 
available power. Recall that the designed peak power 
consumption of an AC outlet is 1800W (120V and 
15A) so the two AC outlets consume 3600W in total. If 
the power input to the battery is less than 3600W, the 
control system will open a circuit breaker to disconnect 
AC outlet #2 while letting AC outlet #1 operate. In case 

the power input to the battery is less than 1800W, the 
control system will disconnect both AC outlets. 

When one of the AC outlets is switched off, an 
excessive current would be routed to the other AC 
outlet. This is fixed by switching between two different 
inductors placed inside the inverter. As mentioned in 
Section 2.6, two logic switches and two inductors are 
used inside the inverter to control its output current as 
the battery SOC varies. A series of switches are also 
added at the output of the inverter to regulate the power 
drawn from the battery by turning on and off one or 
both AC outlets.   

Note that the peak power output of the AC outlet can 
be increased by raising the designed current limit of 
15A. This will increase the power output of the mobile 
unit to a higher value than the designed value of 3.7kW.  

A charge controller (shown in Fig. 1) is part of the 
control system. It helps monitor power flow, battery 
charging, and activate the emergency shut off if needed. 
Further explanation of the control scheme is provided 
in the pseudocode below. 

Pseudocode for control system logic in Fig. 17 

START. Turn on the battery control system and sensors 
will read power coming into the battery and battery 
state of charge (SOC).  

If SOC is less than or equal to 40% display “Low 
Battery” alert. If SOC is less than 30% open circuit 
breakers to disconnect all outlets.  

If the previous check is false, close circuit breakers to 
connect load to DC outlets.  

If power input to battery is less than 1800W open 
circuit breakers to disconnect load from AC outlets #1 
and #2.  

If the previous check is false, close circuit breaker to 
connect load to AC outlet #1.  

If power input to battery is less than 3600W keep circuit 
breakers open to disconnect load from AC outlet #2.  

If the previous check is false, close circuit breaker to 
connect load to AC outlet #2.  

START. Readings will continue until the battery 
control system is shut off. 
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Fig. 17 Flowchart for control system logic  

 

Fig. 18 Simulink-based complete mobile power generation unit 
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Fig. 19 Sinusoidal voltage measurement for AC 
outlets: 120.8V RMS, 386.8V peak-to-peak, 60.566 Hz  

Fig. 20 Sinusoidal current measurement for AC 
outlets: 16.69A RMS, 55.61A peak-to-peak, 59.63 Hz 

4. Simulation result of complete mobile 
power generation unit 

After testing all sus-systems to ensure that they 
function normally, they are integrated into the mobile 
power source, whose Simulink modelling is shown in 
Fig. 18. The complete generation unit is simulated to 
measure its overall performance.  

Simulation results of the AC outlets are shown in  
Fig. 19 and Fig. 20. As seen from the results, the outlet 
sinusoidal voltage measurement is 120.8 V RMS at a 
frequency of 60.566 Hz. The sinusoidal current 
measurement is 16.69 A RMS at a frequency of 
 

 

59.634 Hz. The results show that the AC outlets work 
properly and meet the design expectations of 120V and 
15A for voltage and current outputs.  

Various simulations also show that the control 
system and the DC/USB outlets work as expected. 

5. Conclusion 

In this project, a mobile, renewable, and versatile 
generation unit is designed. It utilizes solar and wind 
energy resources which make it usable in any location. 
The power source can be used in emergency situations, 
such as hurricane, wildfire, earthquake, as well as 
special events such as remote training.  

The generation unit can provide at least 3.7kW to run 
multiple tools used during search and rescue situations. 
Specifically, it has seven 5-VDC 2-A DC/USB outlets, 
two AC 120-V 15-A outlets, and four 6-W LED lights 
which serve diverse equipment and devices. When the 
solar system and the wind turbine produce power at the 
same time, the unit can provide up to 5.4 kW without 
the battery. 

The battery system could potentially run on its own 
for 12 hours when supplying 1 kW. The unit is placed 
on a normally-sized trailer with the total weight of 
around 10,000 lbs. It is very versatile as it can be towed 
by any popular truck to diverse locations. This gives its 
users great easiness and flexibility. 

Multiple simulations have shown that the unit works 
properly and all design expectations have been met. 
The AC outlets provide a near perfect sinusoidal 
waveform of around 60-Hz frequency and designed 
voltage and current values close to 120 V and 15 A.  

The COVID-19 pandemic social distancing and other 
requirements have prevented the research team from 
building a prototype of the power source so this is left 
as a future work. We also would like to improve the 
control system to manage the operation of the mobile 
unit more effectively. The use of this green power 
source will help save lives while keeping our air clean. 
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Appendix 

The following figures are additional images of the  
3-D design of the trailer described in Section 2.1. 

 

Fig. 21 Closed view from rear of trailer 

 

Fig. 22 Closed view of trailer showing  
dimensions from rear 

 

Fig. 23 Open view from side of trailer 

 

Fig. 24 Closed view from side of trailer 
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