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Abstract: This study aims to develop Solar Vault, a three-part hybrid system designed for solar heat collection,
storage, and electrical conversion in off-grid coastal communities. Inspired by the EuroDish CSP system, Solar
Vault uses a parabolic dish mirror to focus sunlight onto a sand battery, which stores heat for conversion into
electricity via SP1848-27145 SA thermoelectric generators. Designed for accessibility, it is a fully manual, DI'Y
system built from readily available materials. This study utilizes an applied research design, including a
developmental research design and a descriptive quantitative research design. The developmental research
design enables researchers to design, develop, test, and refine Solar Vault to assess its full capabilities and
limitations. The descriptive research design allows the researchers to analyze the results of the data by
calculating using the formulas and then presenting them in graphical form to determine the characteristics of the
relationship between the variables. Results show that the system maintained a cold-side temperature of 21°C,
while the hot side exceeded 100°C, creating an 80°C temperature difference, which is a notable improvement in
thermal efficiency over prior studies. Electrical performance testing revealed a peak power output of 1.86W
(6.40V, 0.29A) and an average of 1.07W (3.91V, 0.23A) over 30 minutes, outperforming previous research.
Efficiency analysis showed a maximum of 6.41% at 1.52W, surpassing prior systems' 4.80% peak efficiency at
0.09W. However, the sand battery exhibited poor heat retention, stabilizing at 30°C after 300 minutes,
significantly underperforming compared to existing thermal storage methods. Load testing demonstrated that
Solar Vault could power small devices, such as a 3V LED, DC electric motor, and 12V ducted fan, though it
suffered from voltage drops averaging 43.09%, indicating inefficiencies in voltage regulation. While the device
was unable to achieve its target output of 12V, 1A, it successfully generated usable power. The study concludes
that Solar Vault is a viable thermoelectric generator for off-grid use but requires improvements in heat storage
and electrical efficiency. Recommendations include exploring alternative thermal storage designs, optimizing
voltage regulation, improving parabolic mirror design, and conducting further tests in optimal weather
conditions.

Keywords: Hybrid System, Intermittency, Mechanical complexity, Seebeck Effect, Thermoelectric
Generators (TEGS)

l. INTRODUCTION

Off-the-grid communities, especially in coastal areas such as the Philippines, continue to struggle with a lack
of access to reliable and affordable electricity. Arizeo C. et al. (2024) note that over a million households, or 5%
of the population, still lack electricity due to challenges in connecting remote islands to the main grid. Even in
electrified off-grid areas power is often limited to just a few hours a day due to their overreliance on diesel
power plants (DPPs) which are costly and produce high carbon emissions.

Various renewable energy solutions have been utilized and implemented to address this issue, the most
popular of which include wind turbines, photovoltaic (PV) solar panels, and wave generators. BillionBricks (n.d.)
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states that in the Philippines, wind farms like the Burgos and Caparispisan Wind Farms have proven to be a
viable option to electrify these communities. Tongwei (2024) notes that PV solar panels have been widely used
in coastal areas such as Rhode Island, South Africa, and Fukushima. Fawthrop A. (2020) states that wave energy
has been successfully implemented in countries like Portugal, Scotland, and the United States. However,
according to multiple sources such as Constellation (n.d.), Auswell Energy (n.d.), and Almerini A. (2025), these
systems have significant limitations that make them unoptimized for coastal areas. Wind turbines pose risks to
wildlife, generate noise, and have intermittency problems. PV panels that are particularly in coastal areas suffer
from corrosion, reducing their lifespan. Finally, wave generators are costly, have scalability issues, and raise
environmental concerns.

Aligned with the United Nations' 7th Sustainable Developmental Goal about Affordable and Clean Energy,
alternative renewable energy systems that are cheaper, simpler, more accessible, and optimized to handle the
coastal environment should be further researched and developed.

The purpose of this study is to develop the Solar Vault, a three-part hybrid system that captures, stores, and
converts solar heat into electricity. Solar Vault draws inspiration from existing renewable energy technologies
such as the EuroDish Parabolic Dish Concentrated Solar Power (CSP) system, and Abhijeet Z.’s (2023) Sand
Battery, and Haripuddin A. et al.’s (2023) study on Thermoelectric Generators (TEGs). The system uses a
parabolic dish to focus sunlight into a collector. The heat from this concentrated sunlight is then stored in the
sand battery for later use. The heat stored in these batteries can then be converted into electricity directly by
TEGs through what's called the Seebeck effect, which requires no moving parts and reduces mechanical
complexity. This hybrid system offers a solution that is optimized for coastal off-grid communities, with an
affordable design using easily accessible materials such as sand while being mechanically simple. It is also
environmentally friendly since it uses low-impact materials, is silent, and produces no carbon emissions.

I1. OBJECTIVES
Solar Vault's general objective is to develop a device capable of collecting, storing, and converting solar heat
energy into electricity designed specifically for coastal off-grid communities. It aims to provide a reliable
energy source for lighting and low-voltage appliances commonly found in homes such as portable fans and
radios.

The specific objectives of the study include:

1. To determine the efficiency of Solar Vault

1.1 Measure the solar heat input temperature and the water input temperature in Celsius(C)

1.2 Measure the electrical output in VVoltage(V) and Amperes(A) to calculate the Wattage(W)

1.3 Calculate the efficiency of the Solar Vault.

1.4 Measure the rate of heat in Celcius

2. To determine the effectiveness of Solar Vault through identifying the Voltage drop Percentage(%)

Il. METHODOLOGY
This study utilizes an applied research design, including a developmental research design and a descriptive
quantitative research design. The developmental research design enables researchers to design, develop, test,
and refine Solar Vault to assess its full capabilities and limitations. The descriptive research design allows the
researchers to analyze the results of the data by calculating using the formulas and then presenting them in
graphical form to determine the characteristics of the relationship between the variables.

IV.RESULTS AND DISCUSSION

1) To determine the efficiency of Solar Vault
1.1 Measure the solar heat input temperature and the water input temperature in Celsius (°C)

Haripuddin A. et al. (2023) explain that thermoelectric generators (TEGS) convert heat energy directly into
electricity, while thermoelectric coolers use electricity to produce cold. To generate electricity, a thermoelectric
material is positioned to connect the hot and cold sources. Therefore, temperature measurement is important in
determining the efficiency of Solar Vault. In this study, the hot side temperature (Th) from the sand battery and
the cold side temperature (Tc) from the water reservoir are recorded at 5-minute intervals for 30 minutes. These
temperatures, measured in Celsius (°C) using probe thermometers, are then organized into a table following
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Haripuddin A. et al.’s (2023) methodology. Once the values are recorded, the temperature difference (AT) is
calculated using the following formula:

Where: AT = TEG module temperature difference (°C)
Th = TEG module hot side temperature (°C)
Tc = TEG module cold side temperature (°C)

Table 1. Temperatures of Solar Vault

Time (Minute) Tc (°C) Th (°C) AT (°C)
0 21.3 25.3 4.0
5 21.2 40.3 19.1
10 211 52.7 31.6
15 21.2 60.0 38.8
20 21.0 70.3 49.3
25 211 88.8 67.7
30 20.6 100.0 79.4

Table 1 presents the input temperatures on the cold (Tc) and hot (Th) sides of Solar Vault. The
data shows that at minute 0, the cold side temperature(Tc) is 21.3°C while the hot side temperature is 25.3°C
resulting in a temperature difference (AT) of 4.0 °C. At the 5 minute mark the cold side temperature (Tc) is
21.2°C while the hot side temperature(Th) is 40.3°C resulting in a temperature difference (AT) of 19.1 °C. At the
10 minute mark the cold side temperature (Tc) is 21.1°C while the hot side temperature(Th) is 52.7°C resulting
in a temperature difference (AT) of 31.6 °C. At the 15 minute mark the cold side temperature(Tc) is 21.2°C
while the hot side temperature(Th) is 60.0°C resulting in a temperature difference (AT) of 38.8 °C. At the 20
minute mark the cold side temperature(Tc) is 21.0°C while the hot side temperature(Th) is 70.3°C resulting in a
temperature difference (AT) of 49.3°C. At the 25 minute mark the cold side temperature(Tc) is 21.1°C while the
hot side temperature(Th) is 88.8°C resulting in a temperature difference (AT) of 67.7. Finally, At the 30 minute
mark the cold side temperature(Tc) is 20.6°C while the hot side temperature(Th) is 100.0°C resulting in a
temperature difference (AT) of 79.4.

The data show that the cold side (Tc) remained stable, maintaining an average temperature of 21°C despite
the rising temperature on the hot side (Th). In contrast, the hot side (Th) exhibited a rapid increase, reaching
100°C due to the heat source. Since the cold side temperature remained constant, the temperature difference (AT)
also increased sharply, reaching nearly 80°C.

Table 2. Haripuddin A. et al.’s (2023) Measurement Instrument Configuration of 7 Modules in Series

Time Temperature (°C)
Minute)  Th(C)  Tcl'C) AT ()

5 40 30 10

10 46 32 14

15 30 33 17
20 30 36 14
25 62 38 24
30 72 43 29

Table 2 presents the temperature data from Haripuddin A. et al. (2023). Compared to their experiment,
Solar Vault achieved a higher hot-side temperature and a lower cold-side temperature, resulting in a greater
temperature difference (AT) and a more rapid increase in temperature. Notably, while Haripuddin A. et al.'s
(2023) experiment showed an increase in the cold-side temperature, Solar Vault maintained a stable cold-side
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temperature. This demonstrates Solar Vault's improved thermal efficiency and high potential for heat-to-
electricity conversion.

1.2 Measure the electrical output in Voltage(V) and Amperes(A) to calculate the Wattage(W)

Since Haripuddin A. et al. (2023) explain that thermoelectric generators (TEGs) convert heat energy directly
into electricity, measuring and recording the electrical output is essential for determining Solar Vault’s
efficiency. This study followed Haripuddin A. et al. (2023) who measured the output by recording the voltage
(V) and current (A) and then calculating the power output (W) using Ohm’s law equation:

Where: P = Power (Watts) P=Vx=I
V = Voltage (Volts)
| = Current (Amperes)

Table 3. Electrical Output of Solar Vault

Time (Minute) Voltage (V) Current (A) Power Output (W)
0 0.11 0.12 0.01
5 1.91 0.17 0.32
10 3.98 0.21 0.84
15 4.54 0.20 0.91
20 5.42 0.28 1.52
25 5.03 0.33 1.66
30 6.40 0.29 1.86
Average 3.91 0.23 1.07

Table 3 presents the electrical output of Solar Vault. At the 0 minute mark, the device generated 0.11V and
0.12A resulting in a power output of 0.01W. At the 5 minute mark, the device generated 1.91V and 0.17A
resulting in a power output of 0.32W. At the 10 minute mark, the device generated 3.98V and 0.21A resulting in
a power output of 0.84W. At the 15 minute mark, the device generated 4.54V and 0.20A resulting in a power
output of 0.91W. At the 20 minute mark, the device generated 5.42V and 0.28A resulting in a power output of
1.52W. At the 25 minute mark, the device generated 5.03V and 0.33A resulting in a power output of 1.66W.
Finally, At the 30 minute mark, the device generated 6.40V and 0.29A resulting in a power output of 1.86W.
The device peaked at 6.40V and 0.29A, with a maximum power output of 1.86W. The system maintained an
average output of 3.91V and 0.23A, resulting in 1.07W of power over 30 minutes. This output is sufficient to
power small electronic components such as LED lights or DC motors, highlighting its potential for practical
applications.

Table 4. Haripuddin A. et al.’s (2023) Measurement Instrument Configuration of 7 Modules in Series

Voltage Current Power
v ) (A) i (VA)
0.7 0,04 0,03
14 0,04 0,05
1.8 0,05 0,08
2.6 0,05 0,12
32 0,06 0,18
3.6 0,07 0,25
22 0,05 0,07
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Table 4 presents the electrical output data from Haripuddin A. et al. (2023) Compared to their experiment,
Solar Vault achieved a significantly higher voltage, current, and power output. Haripuddin A. et al. (2023) were
only able to get a maximum of 3.6V and 0.07A resulting in only 0.27W of electrical power, while Solar Vault
was able to achieve 6.40V and 0.29A, resulting in a power output of 1.86W. This demonstrates Solar Vault’s
clear improvement in electrical generation.

1.3 Calculate the efficiency of the Solar Vault

Haripuddin A. et. al.’s (2023) study involved analyzing the thermoelectric potential of the SP1848-27145 SA
thermoelectric generator, the same model utilized in Solar Vault. Their research serves as the primary reference
for evaluating Solar Vault’s efficiency. To determine the efficiency of thermoelectric generators, Haripuddin A.
et al. (2023) applied the following formula:

TC 1+ZTm—-1
\I|1+2Tm+ﬂ

Where: Z = Figure of merit
n = Generator thermoelectric efficiency
Tm = Average temperature (°C)
Tc = Cold side temperature TEG (°C)
Th = Hot side temperature TEG (°C)
The Average Temperature(TM) is calculated using the equation:

Tc+Th
Tm = .

Where: Tm = Average TEG module temperature (°C)
Th = TEG module hot side temperature (°C)

Tc = TEG module cold side temperature (°C)
The Figure of Merit (Z) was calculated using this equation:

o5?
Z= K
Where: Z = Figure of merit
o = Electrical conductivity of the material (0.053 Q-1 m-1).
S = Seebeck Coefficient (V/C®)
k = Thermal conductivity of material (W/m C°) (0.8 W/moC)
The Seebeck Coefficient(a)(S) was calculated using this formula:
v
T AT
Where: o = Seebeck coefficient
V = voltage (V)
AT = Temperature difference between the two joints (°C)
The Electrical Power(W) was measured using Ohm’s Law:

P=VxI

Where: P = Power (Watts)
V = Voltage (Volts)
| = Current (Amperes)

Once all the values were determined, Haripuddin A. et al. (2023) presented their efficiency data through two-
line graphs: Efficiency (%) versus Temperature Difference (AT), and Efficiency (%) versus Power Output (W).
These visual representations highlight the relationship between efficiency and key operational variables,
providing insight into the performance trends of the thermoelectric generator.

o
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Efficiency(%) versus Temperature Difference(AT)
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Figure 1: Solar Vault Efficiency(%) versus Temperature Difference(AT)

Fig. 1 presents the efficiency of Solar Vault in relation to its temperature difference. The data
reveals a clear trend of increasing efficiency as the temperature difference rises, eventually stabilizing at about
6% within the 30°C to 50°C range. However, beyond 50°C, efficiency declines to 4.69% at approximately 60°C
before recovering to 5.27% at 100°C. This suggests that Solar Vault operates most efficiently at around 30°C to
50°C, but fluctuates at higher temperatures.
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Figure 2: . SP1848-27145 SA Efficiency(%) versus Temperature Difference(AT)

Fig. 2 presents the efficiency versus temperature difference data from Haripuddin A. et al.’s (2023) study,
focusing on the grey line graph. Their results show a lower overall efficiency, reaching a peak of only 4%, even
at higher temperature differences, compared to Solar Vault’s peak efficiency of 6%. This highlights Solar
Vault’s improved performance in efficiency.
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Efficiency(%) versus Power Output(W)
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Figure 3: Solar Vault Efficiency(%) versus Power Output(W)

Fig. 3 presents the efficiency of Solar Vault in relation to its power output. The data shows a steady rise in
efficiency as electrical output increases, peaking at 6.41% when generating 1.52W. However, efficiency then
drops to 4.68% at 1.66W before rising again to 5.27% at 1.86W. This suggests that Solar Vault operates at its
highest efficiency at 1.52W but experiences fluctuations beyond this point.
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Figure 4: SP1848-27145 SA Efficiency(%) versus Power Output(W)

Fig. 4 presents the efficiency versus power output data from Haripuddin A. et al.’s (2023) experiment. While
the overall trend of their graph closely resembles that of Solar Vault, their efficiency values are consistently
lower. Haripuddin A. et al.’s system peaked at 4.80% efficiency with just 0.09W of power output, whereas Solar
Vault achieved a higher peak efficiency of 5.27% at 1.86W, demonstrating an increased performance in energy
conversion. This means that although both experiments followed a similar pattern, where efficiency increased
with power output up to a certain point, Solar Vault consistently performed better.

1.4 Measure the rate of heat in Celcius

Abhijeet Z. (2023) conducted a study on developing a sand battery, testing how long sand retains heat after
the heating element is removed. Temperature measurements were taken at 30-minute intervals and recorded in a
Temperature(°C) versus Time(min) line graph. While Solar Vault was unable to generate electricity with the
sand battery implemented, a heat retention experiment was still conducted. In this experiment, the sand was
heated to 80°C, and its temperature was recorded every 30 minutes for a total duration of 450 minutes,
following the same methodology as Abhijeet Z.'s (2023) study. The results are compared to his data to evaluate
Solar Vault's thermal performance.
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Temperature(°C) versus Time(min)
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Figure 5. Solar Vault Temperature(°C) versus Time(min)

Fig. 5 presents the temperature (°C) versus time (min) for the heat retention of Solar Vault’s sand battery.
Initially, the sand is heated to approximately 80.3°C. A rapid temperature drop is observed within the first 100
minutes, decreasing to 54.6°C, indicating significant heat loss during the early stages. As time progresses, the
rate of temperature decline slows down, with the temperature reaching 36.8°C at 200 minutes and continuing to
gradually decrease. Around the 300-minute mark, the temperature stabilizes to around 30°C, with minimal
fluctuations beyond this point. By 450 minutes, the temperature settles at approximately 28.7°C, reaching room
temperature.

This trend demonstrates that while the sand battery loses heat quickly in the beginning, it gradually slows
down as it approaches equilibrium. The retention properties suggest that, while not ideal for long-term heat
storage, it may still provide short-term thermal benefits.

—
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Figure 6. Abhijeet Z.’s (2023) Sand Battery Temperature(°C) versus Time(min)

Fig. 6 presents the temperature(°C) versus time(min) in Abhijeet Z.’s (2023) sand battery.
Compared to Abhijeet Z.’s (2023) experiment, Solar Vault’s sand battery had a much lower starting temperature
(80.3°C vs. 400°C) and showed a similar rapid initial cooling phase. However, Abhijeet Z.’s setup retained heat
more effectively, with temperatures remaining significantly higher beyond 450 minutes, while Solar Vault’s
sand stabilized around 30°C by the 300-minute mark. This comparison suggests that while both experiments
followed a similar heat loss pattern, Abhijeet Z.’s setup retained heat more effectively due to its higher starting
temperature and possibly different insulation or material composition. Solar Vault’s lower temperature range,
while still demonstrating heat retention properties, indicates a need for optimization if long-term thermal storage
is the goal.
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SOP 2. To determine the effectiveness of Solar Vault by identifying the Voltage drop Percentage (%)

V. Idos, R. (n.d.) defines voltage drop as the reduction in voltage across a circuit due to impedance, which
can impact the functionality and reliability of electrical devices. He highlights that excessive voltage drop can
lead to performance issues, including overheating and reduced power delivery. To assess the effectiveness of
Solar Vault, it is crucial to evaluate how well it maintains stable voltage under different loads, three test loads
that you would typically find in a household are used: a small 3V LED bulb, a 12V 6W LED bulb, a DC
electric motor, a 12V ducted fan, and a phone for charging. The voltage drop(Vd) for each test is recorded and
analyzed, with results presented in a table.

The Voltage Drop(Vd) acquired through:
Vd =Va—Tf

Where: Vd = Voltage Drop (V)
Vn = Nominal System Voltage (V)
Vf = Voltage after load(V)

The Voltage Drop Percentage(Vd%o) is calculated using V. Idos, R.’s (n.d.) equation:

-

os77 . o d
o= 72

Where: Vd = Voltage Drop (V)
Vn = Nominal System Voltage (V)

= 100%

Table 5. Solar Vault Voltage Drop Percentage
Nominal Load Device Device Voltage after | Voltage Drop | Voltage Drop
Voltage (V) Activation? load(V) (V) Percentage
(y/n) (%)
7.13 3V LED bulb Yes 3.36 3.77 52.88%
6.21 DC Electric Yes 2.34 3.87 62.31%
Motor
6.75 12V Ducted Yes 5.8 0.95 14.07%
Fan
6.70 Average 3.83 2.86 43.09%

Table 5 highlights Solar Vault’s voltage drop under different loads. With a nominal voltage of 7.13V, a 3V
LED bulb was connected to the system and was able to activate the LED, dropping the voltage down to 3.36
resulting in a temperature drop of 3.77V and a voltage drop percentage of 52.88%. With a nominal voltage of
6.21V, a DC electric motor was connected to the system and was able to activate the motor, dropping the
voltage down to 2.34 resulting in a voltage drop of 3.87V and a voltage drop percentage of 62.31%. With a
nominal voltage of 6.75V, a 12V Ducted Fan was connected to the system and was able to activate it, dropping
the voltage down to 5.8V resulting in a temperature drop of 0.95V and a voltage drop percentage of 14.07%.
Overall there was an average nominal voltage of 6.70V, an average final voltage of 3.83V, an average 2.86
voltage drop, and an average voltage drop percentage of 43.09% was observed. It can be observed that the
voltage drop was highest when powering the DC electric motor (62.31%) and lowest with the 12V ducted fan
(14.07%), suggesting that motorized loads impose greater electrical strain. The system experiences significant
losses, which may impact its ability to sustain more demanding devices, highlighting a need for improved
voltage regulation.
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V. CONCLUSION

It can be concluded from the results of the study that Solar Vault: Solar Heat Storage and Electric Conversion
Device could be a viable solution as an electrical conversion device for Off-Grid Coastal communities but is not
a viable solution for storing solar heat thermal energy.

After analyzing and interpreting the data collected, these conclusions were drawn from the data collected:

1. Solar Vault demonstrates higher efficiency in electrical conversion compared to similar systems, such as
Haripuddin A. et al.’s (2023) system, achieving a higher thermal and electrical performance. While it was not
able to reach the desired electrical output of 12V and 1A, it was able to reach 6.40V and 0.29A which was
enough to power the test loads. It also completely fails as a heat storage, as it does not even work with the sand
battery implemented and retains heat far less efficiently than Abhijeet Z.’s (2023) system. While Solar Vault
excels as an electrical generator, it is not a viable thermal storage solution.

2. Solar Vault demonstrates a fair level of effectiveness, successfully powering a 3V LED bulb, a DC electric
motor, and a 12V ducted fan. But its large voltage drop was its biggest limitation which may cause problems in
practical applications.

VI.RECOMMENDATIONS

Based on the results, conclusions, and deliberations, the researchers came up with these recommendations for
a better product result for future researchers that wish to develop Solar Vault further.

1. The biggest problem the researchers encountered with Solar Vault was its inefficient sand battery heat
storage which even prevented the device from working. The researchers suggest an alternative method of
implementing a heat storage system for Solar Vault.

2. Another major problem was the inefficiency of the electrical system. The electrical system was
unoptimized, allowing for large voltage drops to occur which is a huge problem for practical applications. The
combination of the full bridge rectifier and voltage regulator also significantly reduced the voltage output. To
address this, the researchers suggest simplifying the system by removing the full bridge rectifier entirely and
opting for a more efficient voltage regulator that minimizes power loss.

3. The researchers recommend conducting future studies during the summer when there is a lower chance of
cloudy skies or rain. Weather conditions posed challenges during testing, forcing the researchers to use heating
rods and tea candles as a substitute for sunlight.

4. While not tested in the study, the researchers identified the need for a more efficient parabolic mirror
design. Solar Vault's mirrors, made from cut acrylic sheets, had numerous imperfections that resulted in an
uneven focal point. They suggest using Mylar sheets for a smoother, more precise reflective surface.

5. Finally, a future design change the researchers recommend is to attach the generator system directly to the
parabolic dish and use light sensors and a mechanized tilt system for the mirrors to automatically align to the
sun’s rays for optimal sunlight collection.
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