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Abstract: Due to the Philippines’ strategic location near the equator, the country can
maximize the application of different renewable energy, specifically solar energy. This
study focuses on developing a small-scale model of a hybrid power generation system
consisting of a solar chimney-turbine set up and PV solar system. The air passing thru
the collector to the solar chimney shall both be performing passive ventilation of a
residential building and cooling of the PV panel. Tests on an experimental setup and
simulation in ANSYS Fluent are conducted to evaluate the system's performance and
assess its potential as an alternative energy solution. Data collection involves
measuring air velocity, temperature, and solar irradiance at various points within the
system. The solar panel was tested under two configurations, standalone and
incorporated in the hybrid system. The results show that the hybrid system effectively
harnesses solar energy, with the PV panel maintaining lower temperatures compared
to the standalone setup. Furthermore, the simulations and experimental data exhibit

a reasonable agreement, indicating the accuracy of the simulation model.
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1. INTRODUCTION

The global increase in energy consumption,
along with the urgent need to reduce greenhouse gas
emissions, has led many countries to turn to
renewable energy sources. In the Philippines, where
reliance on fossil fuels remains high, the development
of new power plants, particularly in the renewable
sector, has been stagnant, leading to an inadequate
power supply (Department of Energy, 2022). Solar
energy has gained popularity as a renewable energy
source, and its utilization in residential homes has
been driven by its accessibility and scalability.
Photovoltaic (PV) systems, which directly convert
solar energy into electricity, have become increasingly

prevalent (Smets et al., 2016). However, PV panels
have limitations in terms of efficiency and
temperature sensitivity (Thong et al., 2016). The
market for solar energy has seen significant growth,
particularly in Europe, but countries like the
Philippines face barriers such as cost and political
factors that impede their full investment in solar
power. Wind energy, on the other hand, harnesses
wind turbines to convert wind power into electricity,
but its variability poses challenges. Solar chimney
power plant (SCPP) systems combine solar and wind
energy by utilizing airflow to generate power. They
have undergone various designs and configurations,
including hybridization with PV panels for improved
efficiency and power generation (Cuce et al., 2022).
Additionally, solar chimneys can also provide
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ventilation, offering a natural cooling solution in hot
climates (Suhendri et al., 2022). This research
highlights the need for a hybridized configuration that
addresses the limitations of solar updraft tower (SUT)
technology, offering increased energy conversion
efficiency at a lower cost.

Further research is needed to sustain the
development of solar chimneys and their potential
contribution to meeting global electricity demand and
transitioning to sustainable energy practices. Solar
chimneys offer promising technology for solar power
generation, but some limitations need to be addressed
to enable widespread use. The focus of solar power
research has primarily been on increasing the
efficiency of solar panels. However, it is crucial to
explore and study different methods of enhancing the
efficiency of solar power generation, electricity
generation, and natural ventilation within solar
chimney systems. This study provides valuable
insights into the viability of small-scale hybrid solar
chimneys, serving as a foundation for the design of
solar chimney power plants and future research in
evaluating their performance.

2. METHODOLOGY

2.1 Experimental Setup

The study focuses on developing a small-scale
model of a hybrid power generation system consisting
of a solar chimney-turbine set up and PV solar system.
The air passing thru the collector to the solar chimney
is simulated to be induced from a residential building,
as such, provides passive ventilation. In the hybrid
system, the PV panel is placed within the collector,
thus, the air can also serve as cooling medium to the
PV panel.

The experimental setup for the hybrid solar
chimney system was adapted from Hussam et al.
(2022). It consists of several components, including a
heat collector/case, PV panel, nozzle, wind chimney,
and turbine (the turbine was considered theoretically,
not experimentally). The collector's opening and air
inlet had dimensions of 54 ¢m in length and 5.35 cm
in width, with an overall collector length of 121.5 cm.
Galvanized iron was used to construct the collector,
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nozzle, and chimney. To minimize thermal losses, the
bottom, and sides of the collector, as well as the
chimney and nozzle, were insulated with glass wool.
The top panel of the collector was made of glass with
an emissivity of e=0.95. The PV panel, with
dimensions of 55 x 121.5 x 4.2 cm and emissivity of
e=0.9, was used. The collector was connected to a
convergent nozzle to increase the airflow velocity
inside the chimney. The chimney itself was 2 m in
height and 15.24 cm (6 inches) in diameter. Near the
base of the chimney, a theoretical turbine was
considered. The setup allows for easy attachment and
detachment of the PV panel, and the angle of the
collector can be adjusted from 0 degrees (flat) to 45
degrees in 15-degree increments, with the primary
angle set at 15 degrees.
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Fig. 1. Experimental set-up

The testing of the set-up took place in
Marikina City, Philippines, with an elevation of
approximately 15 meters above sea level and
coordinates of about 14.64600° N, 121.10369° E. Data
was collected during June 2023, from 7 am to 6 pm,
considering both sunny and cloudy conditions. The
setup was located on the third-floor rooftop of a



residential area in an open space, with the collector
facing south at a 15-degree angle from the horizontal.
Data collection involved measuring air velocity at
three points in the hybrid system: the collector inlet,
base, and chimney outlet, using an anemometer with
probes inserted into these locations. Temperature
measurements were taken at various points within
the hybrid system using six thermocouples. These
thermocouples were placed at the collector opening,
halfway through the collector, halfway inside the
collector (on the PV panel surface), halfway through
the collector glass, at the collector outlet near the
nozzle, and the chimney outlet. Solar irradiance was
measured using a solar power meter, and voltage and
current sensors were connected to the PV panel to
measure its electrical characteristics. The data
collection procedure was repeated for three days. After
collecting data from the hybrid system, the PV panel
will be detached to allow direct sunlight exposure.
Measurements of temperature, solar radiation,
voltage, and current will continue at 30-minute
intervals for three days.

2.2 Simulation

The boundary conditions of the system consist
of the chimney, nozzle, and collector surfaces treated
as standard opaque walls with properties of a steel
sheet. The collector opening serves as the inlet with a
velocity boundary condition of 2 m/s and an inlet
temperature of 35°C. The chimney outlet has a static
pressure boundary condition to represent atmospheric
pressure. The glass cover has a semi-transparent wall
boundary condition to allow solar radiation to pass
through, while the PV panel is set as an opaque wall
with silicon material properties. Heat transfer
coefficients of 7.84 W/m? and 11.88 W/m? are defined
for the PV panel and glass cover, respectively, which
can be computed in Eqn. 1 and Eqn. 2 which were
derived from the works of Duffie and Beckman (2013),
Cuce et al. (2022), and Kumar and Mullick (2010). The
flow conditions are simulated using the standard k-e
model, while solar radiation is simulated using the
Discrete Ordinates model with sun direction and
illumination parameters determined using ANSYS'
solar calculator. The simulation parameters for the
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standalone PV panel setup are similar, with the PV
panel tilted at 15 degrees and subjected to a velocity
of 1.5 m/s and a temperature of 35°C. Both setups
utilize the standard k-e model for flow simulation and
the Discrete Ordinates model for solar radiation
simulation. The results of the simulation are shown in
Figure 1 and Figure 2.

hpu = k NU/L (Eq. 1)
where:
hpv = convection heat transfer coefficient at
surface of PV panel, W/m2-K
k = thermal conductivity of the air, W/m-K
Nu = Nusselt number
L = length of collector
hge = 8.55 + 2.56Vy (Eq. 2)
for Vw <5m/s
where:
hgc = convection heat transfer coefficient at surface
of glass cover, W/m2-K
Vw = wind velocity in the collector, m/s

Fig. 2. Simulation Setup for the Hybrid System



Fig 3. Simulation Setup for PV Panel Standalone
System Setup

3. RESULTS AND DISCUSSION

3.1 Experimental Results

Fig. 4 shows a recorded maximum
temperature increase of 6.1°C at a solar radiation of
1110 W/m2. The highest temperature values were
observed around midday when solar radiation was
highest. The temperature difference between ambient
air and air at the chimney inlet increased with higher
solar radiation readings, indicating effective heating
of the air by the collector.

The velocity of air at the chimney inlet varied
throughout the day, as shown in Fig. 5. Velocities
ranged from 3.8-4.15 m/s, except for higher solar
radiation levels (>1000 W/m2) resulting in velocities
of 5 m/s and above, and lower solar radiation levels
(<100 W/m2) resulting in velocities of 3.6 m/s and
below. The effect of collector heating on the chimney
inlet velocity is most evident at solar radiation values
above 1000 W/m?2.

Both the standalone and hybrid setups showed
an increase in PV panel temperature with solar
radiation, as depicted in Fig. 6. The highest
temperatures recorded were 64.6°C for the PV panel
alone and 56.9°C for the hybrid setup, observed at a
solar radiation of 1180 W/m?2. The graph also compares
the PV panel temperatures between the standalone
and hybrid setups, revealing that the PV panel in the
standalone setup had higher temperatures than the
hybrid configuration. On average, the PV panel in the
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hybrid setup was 4.57°C cooler, indicating effective
temperature reduction in the hybrid setup.

Fig. 7 indicates a decrease in PV panel
efficiency at high solar radiation levels. The lowest
efficiencies were recorded at 1100 W/m2, with 4.17%
for the PV panel alone and 6.21% for the hybrid setup.
This decrease 1s attributed to the temperature
increase caused by solar radiation. The figure also
compares the efficiencies of the PV panels in both
setups, showing that the hybrid setup had a higher
average efficiency of 7.93% compared to the PV panel
alone setup with an average of 6.71%. The cooling
effect experienced by the PV panel in the hybrid
system contributes to its higher efficiency. The
turbine efficiency is negligible compared to the PV
panel efficiency, with only around 0.01%.
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Fig. 4. Temperature increase between ambient air
and chimney inlet throughout the day with varying
solar radiation.
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Fig. 5. Velocity of the air at the chimney inlet
throughout the day with varying solar radiation.
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Fig. 6. Temperature of the PV panel in the
standalone setup and PV panel in the hybrid setup
throughout the day with varying solar radiation.
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Fig. 7. Efficiency of the PV panel in the standalone
setup and the hybrid setup throughout the day with
varying solar radiation.

3.2 Simulation

The accuracy of the ANSYS simulation was
assessed by comparing the results with the
experimental data. Both the
experimental setups were designed to be as similar as
possible, using the same data parameters. Data
collected from 7am to 6 pm at one-hour intervals were
used for the comparison. A percent difference analysis
was conducted to measure the disparity between the
simulation and experimental datasets. The velocity
and temperature contours are presented in Figures 8
and 9.

simulation and

Figure 8. Velocity Contours at the Hybrid System’s
Symmetry

Figure 9. Temperature Contours at the Hybrid
System’s Symmetry

The velocity within the hybrid system
gradually increases from the collector to the nozzle
and chimney inlet, with the maximum velocities
observed at the turbine region above the chimney
inlet, reaching up to 10.56 m/s. This increase in
velocity is accompanied by increased turbulence,
likely resulting from the contraction of the flow area
at the nozzle. As the air flows upward, it stabilizes in
the chimney, maintaining an approximate speed of 6.5
m/s. Similarly, the temperature within the collector
gradually rises due to the heat generated by the glass
and PV panel. The PV panel surface reaches the
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highest temperature in the system, causing the air
near its surface to heat up. This is evident from the
temperature gradient near the outlet of the collector,
indicating the heating of the air. The air within the
collector ranges from 34.85 to 39°C, while the average
temperature at the chimney inlet is 41.98°C.

The average percentage differences for the PV
panel temperature in the standalone setup, the hybrid
setup, and the temperature rise and velocity at the
chimney inlet in the hybrid setup were found to be
11.93%, 10.03%, 22.17%, and 18.8% respectively. The
percentage difference values indicate a relatively close
agreement between the simulation and experimental
data for the PV panel temperatures. Although there
were still some differences between the two datasets,
these disparities remained within an acceptable range.
However, the average percentage differences for the
temperature rise and chimney inlet velocity were
considerably high, indicating greater discrepancies
between the simulation and experimental data. The
specific reasons for these inaccuracies could not be
definitively determined, as multiple factors could have
contributed to the discrepancies. Possible factors may
include measurement errors, equipment limitations,
simulation, or other

meshing issues in the

uncertainties that were not accounted for.

3.3 Ventilation

Table 1 provides information on the volume of space
that can be effectively ventilated at specific air change
rates, considering the expected air velocity from a
house or building ventilation. The air change rates
considered in the table are 0.35, 0.70, and 1 air change
per hour. The volume of space is measured in cubic
meters, indicating the size of the area that can be
adequately ventilated. ASHRAE recommends a
minimum of 0.35 air changes per hour and at least 15
cfm per person for residential homes to ensure proper
indoor air quality. For the minimum recommended air
change rate of 0.35 air changes per hour, the
maximum volume of space that can be effectively
ventilated is approximately 442.28 m3, which is a
considerable amount of space for a single room.
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Table 1. Comparative volume of space that can be used
for specific air change rates

- Volume of Space, m3

Velocity, Q, cfm ACH ACH ACH
s (.35)  (0.70) 0
0.24 22088 19792 5361  37.53
028 | 25769 19209 G254  43.78
033 130370 4743 7371  51.60
036 | 33131 140003 8041 56.29
0.48 144175 91444 107.22  75.05
0.52 47.856 232.31 116.15 81.31
0.54 49697 94194 12062 8443
0.65 59.820 290.38 145.19 101.63
0.69 63.502 308.25 154.13 107.89
0.70 165342 31719 15859 111.02
0.77 170864 34399 172.00 120.40
0.79 | 72705 35993 17646 12353
0.84 | 77.306 37597 18763 131.34
099 [ 9LILL 44998 922114  154.80

Similarly, at an air change rate of 1 air
change per hour, the maximum volume of space that
can be ventilated is 154.80 m3. Even at the lowest
volumetric flow rate considered, which is 22.088 cfm,
the volume of space ranges from 37.53 to 107.22 m3.
This indicates that the computed volumes of space
are well within the range of average bedroom sizes,
which typically range from 15 to 25 square meters.
The corresponding volume range of approximately 36
to 75 m3 aligns with the computed volumes, further
emphasizing the suitability of the ventilation system
for residential applications.

4. CONCLUSIONS

In this study, a small-scale model of a hybrid
solar chimney for residential use was evaluated for
its performance at different configurations. The
model incorporated PV panels within the solar
chimney to generate power, cool the panels, and
provide passive ventilation. The researchers
constructed an experimental setup to replicate the
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system and collect experimental data. ANSYS Fluent
software was also used to simulate the airflow and
heat transfer characteristics of the hybrid solar
chimney and standalone PV panel.

Throughout three days, measurements were
taken from the experimental setup from 7 am to 6
pm. The air velocity was measured, and
temperatures were measured at six different
locations within the system. Solar irradiance and PV
panel current and voltage were also measured. The
highest temperature increase that was recorded was
6.1 °C, which occurred at midday with a solar
radiation of 1110 W/m2. The velocity of air at the
chimney inlet remained relatively constant, except
for higher solar radiation values that resulted in
increased velocities. The hybrid setup showed lower
PV panel temperatures compared to the standalone
setup, indicating its cooling effect. The hybrid
configuration = demonstrated  higher average
efficiency of 7.93% than the standalone setup of
6.71%, but the turbine power output remained
relatively low compared to the PV panel power
output.

Results from the ANSYS simulation
revealed valuable insights into airflow and thermal
behavior. The velocity contours showed airflow
buildup at the collector, acceleration at the nozzle
and chimney inlet, and highest velocities at the
turbine region. Temperature contours illustrated the
gradual rise of temperatures within the collector and
PV panel surface. Like the experimental setup, the
hybrid system achieved lower average temperatures
of 55.41°C compared to the standalone setup with
65.67°C, indicating effective heat dissipation and
efficient utilization of solar thermal energy.

Meanwhile, the provided volumes of space
demonstrate that the ventilation system can
effectively ventilate a significant area, encompassing
a wide range of room sizes, and aligning with the
recommendations for maintaining proper indoor air
quality in residential homes.

The results provided vital evidence of the
effectiveness of the hybrid solar chimney system in
terms of airflow, heat transfer, power generation, PV
panel cooling, and ventilation. The system
demonstrated functionality and performance,
confirming the achievement of the defined objectives.

DLSU Research Congress 2024
De La Salle University, Manila, Philippines
June 20 to 22, 2024

5. ACKNOWLEDGMENTS

The researchers express their gratitude to the
DME laboratories for their invaluable support in
terms of instrumentation and equipment.

6. REFERENCES

ASHRAE. (2004). Ventilation for Acceptable Indoor
Air Quality. ASHRAE Standards.

Balijjepalli, R., Chandramohan, V., & Kirankumar, K.
(2017). Performance parameter evaluation,
materials selection, solar radiation with energy
losses, energy storage and turbine design
procedure for a pilot scale solar updraft tower.
Energy Conversion and Management, 150, 451—
462.

Balijjepalli, R., Chandramohan, V., & Kirankumar, K.
(2020). Development of a small scale plant for a
solar chimney power plant (SCPP): A detailed
fabrication procedure, experiments and
performance parameters evaluation. Renewable
Energy, 148, 247-260.

Cuce, E., Cuce, P. M., Carlucci, S., Sen, H.,
Sudhakar, K., Hasanuzzaman, Md., &
Daneshazarian, R. (2022). Solar Chimney Power
Plants: A Review of the Concepts, Designs and
Performances. Sustainability, 14(3), 1450.

Dehghani, S., & Mohammadi, A. H. (2014). Optimum
dimension of geometric parameters of solar
chimney power plants — A multi-objective
optimization approach. Solar Energy, 105, 603—
612.

Department of Energy. (2022). 2022 Power Statistics.
Doe.gov.ph.

Duffie, J. A., & Beckman, W. A. (2013). Solar
engineering of thermal processes. Wiley.
https!//www.wiley.com/en-



us/Solar+Engineering+of+Thermal+Processes%2
C+4th+Edition-p-9780470873663

Fesharaki, V., Dehghani, M., & Fesharaki J. (2011).
The Effect of Temperature on Photovoltaic Cell
Efficiency.

Hussam, W. K., Salem, H. J., Redha, A. M., Khlefat,
A. M., & Al Khatib, F. (2022). Experimental and
numerical investigation on a hybrid solar
chimney-photovoltaic system for power
generation in Kuwait. Energy Conversion and
Management: X, 15, 100249.

Kumar, S., & Mullick, S. C. (2010). Wind heat
transfer coefficient in solar collectors in outdoor
conditions. Solar Energy, 84(6), 956—963.

Ling, L., Rahman, M. M., Chu, C., Misaran, M. S. B,
& Tamiri, F. M. (2017). The effects of opening
areas on solar chimney performance. IOP
Conference Series: Materials Science and
Engineering, 217, 012001.

Makki, A., Omer, S., & Sabir, H. (2015).
Advancements in hybrid photovoltaic systems for
enhanced solar cells performance. Renewable
and Sustainable Energy Reviews, 41, 658-684.

Mazén-Hernandez, R., Garcia-Cascales, J. R., Vera-
Garcia, F., Kaiser, A. S., & Zamora, B. (2013).
Improving the Electrical Parameters of a
Photovoltaic Panel by Means of an Induced or
Forced Air Stream. International Journal of
Photoenergy, 2013, 1-10.

Smets, A. H. M., Klaus Jéager, Isabella, O., Swaaij,
V., & Zeman, M. (2016). Solar energy : the
physics and engineering of photovoltaic
conversion, technologies and systems. Uit
Cambridge Ltd.

Stoecker, W., & Jones, J. (1983). Refrigeration and
Air Conditioning (Second Edition). McGraw-Hill
College.

DLSU Research Congress 2024
De La Salle University, Manila, Philippines
June 20 to 22, 2024

Suhendri, S., Mingke Hu, Yuehong Su, Jo Darkwa,
and Saffa Riffat. (2022). Parametric study of a
novel combination of solar chimney and radiative
cooling cavity for natural ventilation
enhancement in residential buildings. Building
and Environment. Volume 225, 109648

Tan, A. Y., & Wong, N. H. (2013). Parameterization
studies of solar chimneys in the tropics.
Energies, 6(1), 145-163.

Teo, H., Lee, P., & Hawlader, M. (2012). An active
cooling system for photovoltaic modules. Applied
Energy, 90(1), 309-315.

Thong, L.W., Murugan, S., Ng, P.K., & Chee, S.
(2016, November 18-19). Analysis of Photovoltaic
Panel Temperature Effects on its Efficiency.
Conference: 2nd International Conference on
Electrical Engineering and Electronics
Communication System, Ho Chi Minh, Vietnam.
https://www.researchgate.net/publication/310673
805_Analysis_of_Photovoltaic_Panel_T
emperature_Effects_on_its_Efficiency.

Zaini, N., Kadir, M. Z. A., Izadi, M., Ahmad, N.,
Radzi, M., & Azis, N. (2015). The effect of
temperature on a mono-crystalline solar PV
panel. 2015 IEEE Conference on Energy
Conversion (CENCON).



