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Abstract— Rainwater harvesting can provide an alternative water
source, but prolonged storage may result in microbial contamination
that makes rainwater unsuitable for direct consumption. This study
evaluated an inverted-pyramid solar distiller for improving the
microbiological quality of stored rainwater and producing distilled
water using solar energy. Rainwater collected from a residential
rooftop in Barangay Kasanyangan, Zamboanga City was stored for
approximately three months before treatment. Three experimental
trials were conducted, each lasting five days, while solar irradiance
was recorded hourly from 7:30 AM to 2:30 PM. Raw and treated
water were analyzed for total coliform, thermotolerant coliform, and
heterotrophic plate count (HPC). Total coliform and thermotolerant
coliform were reduced from mean raw-water concentrations of
3,154.33 and 3,075.83 MPN/100 mL, respectively, to 0 MPN/100 mL,
representing 100% removal. HPC decreased from a mean of
9,666.67 to 4,071.33 CFU/mL, corresponding to 57.9% average
removal. Distillate production ranged from 0.90 to 1.50 L per trial,
with productivity of 0.400—-0.667 L/m*day and daily efficiency of
22.24-34.22%. The highest output occurred in Trial 3, which also
recorded the highest five-day mean solar irradiance (744.03 W/m?).
The Friedman test showed a statistically significant difference in the
microbial measurements (x> = 13.713, p = 0.018). Although coliform
indicators were completely removed, HPC was not consistently
reduced to the level reported as the study's reference criterion. The
findings indicate that the inverted-pyramid solar distiller has
potential as a low-cost supplementary treatment technology for
stored rainwater, while further design optimization and post-
treatment are needed for broader household application.
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L INTRODUCTION

Water scarcity continues to challenge communities that have
limited access to reliable freshwater supplies. Although
rainfall is abundant in many tropical areas, harvested rainwater
may become contaminated through roof catchments,
environmental exposure, and prolonged storage. Previous
studies have documented microbial contamination in roof-
harvested rainwater and emphasized the importance of
treatment before potable use [1]-[4]. In the Philippines,
rainwater harvesting has also been considered a supplementary
water source for communities experiencing water-supply
constraints [5], [6].

Solar distillation offers a low-cost treatment approach
because it uses solar energy to drive evaporation and
condensation. The phase-change process can separate
microorganisms and other non-volatile contaminants from the
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feed water. Pyramid-type solar stills have received attention
because their geometry can improve solar exposure and
condensation = compared  with  some  conventional
configurations [7], [8]. Previous studies have reported
effective microbial inactivation and improved water quality
through solar distillation and solar-based disinfection [9], [10].

Microbiological assessment is particularly important for
evaluating  treated rainwater. Total coliform and
thermotolerant coliform are used as indicators of sanitary and
fecal contamination, while heterotrophic plate count (HPC)
provides a broader indication of bacterial population in water
[11], [12]. The Philippine National Standards for Drinking
Water (PNSDW) require the absence of thermotolerant
coliform/E. coli in drinking water and provide microbiological
criteria used in evaluating water safety [13].

This study evaluated an inverted-pyramid solar distiller
using stored rooftop rainwater from Barangay Kasanyangan,
Zamboanga City. Specifically, the study assessed the
microbiological quality of the treated water, determined
microbial removal efficiency, and evaluated the productivity
and daily efficiency of the solar still under natural sunlight.

11
A. Experimental Site and Research Design

METHODOLOGY

The experimental study was conducted at the researcher's
residence in Kasalamatan Village, Barangay Kasanyangan,
Zamboanga City, Zamboanga del Sur, Philippines. A
quantitative experimental approach was used to evaluate
stored rainwater treated through an inverted-pyramid solar
still. Three trials were performed, with each trial operated
continuously for five days under natural sunlight.

B. Rainwater Collection and Sample Preparation

A total of 60 L of rainwater was collected from a
residential rooftop in Kasalamatan Village, Barangay
Kasanyangan. The harvested rainwater was stored for
approximately three months before experimentation. For each
trial, 15 L of stored rainwater was introduced into the solar
still. A 350-mL sample of raw water and a 350-mL sample of
treated water were collected for bacteriological analysis and
transported to the Department of Science and Technology
Region IX Regional Standards and Testing Laboratories.

C. Inverted-Pyramid Solar Distiller

The solar still consisted of a plain-sheet basin, an inverted-
pyramid glass structure, transparent glass surfaces, PVC
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piping, an outlet, and a distilled-water collection container.
The unit was cleaned and disinfected before and after each
trial. During operation, sunlight heated the rainwater in the
basin, producing vapor that condensed on the glass surfaces.
Condensed water flowed toward the collection outlet while
non-volatile contaminants remained in the basin. The reported
basin storage capacity was 47.40 L, and the effective surface
area used in the productivity and efficiency calculations was
0.45 m?.
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Fig. 2. Inverted-pyramid solar still undergoing the distillation process

D. Experimental Operation and Solar Irradiance

Each trial was operated for five consecutive days from
7:30 AM to 2:30 PM. Solar irradiance was measured hourly
using a solar power meter. Daily distilled-water production
was recorded, and the accumulated output was used to
calculate productivity and thermal efficiency.

E. Microbiological Analysis

Raw and treated water samples were analyzed for total
coliform and thermotolerant coliform using the Multiple Tube
Fermentation Method, SMEWW 24th edition, Method 9221B.
HPC was determined using the Pour Plate Method, SMEWW
24th edition, Method 9215B. Results were expressed as
MPN/100 mL for coliform parameters and CFU/mL for HPC.
Results were compared with the PNSDW 2017 criteria used in
the study.

F. Performance Calculations

Microbial removal efficiency was calculated as RE
[(C influent — C effluent) / C influent] x 100. Daily

International Journal of Multidisciplinary Research and Publications

ISSN (Online): 2581-6187

productivity was calculated as P = V/(A x N), where V is total
distilled-water volume, A is effective surface area, and N is
the number of operating days. Daily thermal efficiency was
calculated using accumulated distilled-water mass, latent heat
of evaporation, surface area, and total solar energy received.
G. Statistical Analysis

Shapiro—Wilk testing was used to examine microbial-data
distribution. HPC was normally distributed (p = 0.556), while
total coliform (p = 0.040) and thermotolerant coliform (p =
0.003) were not. A related-samples Friedman two-way
analysis of variance by ranks was applied across the microbial
measurements at a 0.05 significance level. Microsoft Excel
was used for tabulation and performance calculations, while
IBM SPSS was used for statistical analysis.

III.

A. Solar Irradiance and Distillation Performance

RESULTS AND DISCUSSION

Solar irradiance followed a typical diurnal pattern,
increasing from morning toward midday and declining during
the afternoon. The five-day mean irradiance was 721.81 W/m?
for Trial 1, 687.05 W/m? for Trial 2, and 744.03 W/m? for
Trial 3. Trial 3 therefore received the highest mean solar
irradiance and produced the highest distilled-water volume.
The observed pattern supports the relationship between solar
energy input, basin heating, evaporation, and distillate
production [14], [15].

TABLE L. Summary of Solar Still Performance
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Trial Distilled l}{izgiiﬁlz‘: Efficiency Productivity
Water (L) (W/m?) (%) (L/m?*day)
1 1.25 721.81 28.22 0.556
2 0.90 687.05 22.24 0.400
3 1.50 744.03 34.22 0.667
5-day Solar Irradiance Mean
750 744.03
740
730 721805
720
. 710
-;E_ 700
690
680
870
660
650

Solar Irradiance

M Trial 1 ® Trial 2 = Trial 3

Fig. 3. Five-day mean solar irradiance recorded during the three experimental
trials

Trial 3 recorded the highest distilled-water output at 1.50
L, with 34.22% daily efficiency and 0.667 L/m?*/day
productivity. Trial 2 recorded the lowest output at 0.90 L,
corresponding to 22.24% efficiency and 0.400 L/m*day
productivity. Across the three trials, higher solar irradiance
generally coincided with higher production and efficiency.
The observed efficiency range of 22.24-34.22% is consistent
with the broad performance range reported for solar stills
under varying design and climatic conditions [14], [16].
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B.  Microbiological Quality and Removal Efficiency
TABLE II. Microbial Removal Efficiency

P " Mean Mean Average
arameter Raw Treated Removal
Total Coliform (MPN/100 mL) 3,154.33 0 100%
Thermotolerant Coliform o
(MPN/100 mL) 3,075.83 0 100%
HPC (CFU/mL) 9,666.67 4,071.33 57.9%
The raw rainwater showed substantial microbial

contamination. Total coliform ranged from 23 to 9,200
MPN/100 mL, thermotolerant coliform ranged from 2.0 to
9,200 MPN/100 mL, and HPC ranged from 2,000 to 14,000
CFU/mL. After treatment, total coliform and thermotolerant
coliform were reduced to 0 MPN/100 mL in all three trials,
corresponding to 100% removal. This result is consistent with
the principle of distillation, in which microorganisms do not
readily transfer with water vapor, and with previous reports of
microbial inactivation through solar distillation [9], [17].

HPC was reduced from a mean of 9,666.67 to 4,071.33
CFU/mL, corresponding to 57.9% average removal. Trial-
specific HPC removal was 61.54% in Trial 1, 50.00% in Trial
2, and 89.30% in Trial 3. The incomplete removal of HPC is
important because HPC represents a broad population of
environmental bacteria rather than a specific fecal indicator
[11]. The result also suggests that treatment performance may
be influenced by initial microbial load, solar exposure, and
possible post-condensation contamination.

Total Coliform
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Fig. 4. Total Coliform Reduction across all 3 trials
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Fig. 5. Thermotolenrant Coliform Reduction across all 3 trials
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Fig. 6. HPC Reduction across all 3 trials

Figures 4-6 show the reduction in total coliform,
thermotolerant coliform, and heterotrophic plate count (HPC)
following treatment with the inverted-pyramid solar still. Total
coliform and thermotolerant coliform were reduced to 0
MPN/100 mL in all three trials, indicating complete removal
of the tested coliform indicators. HPC was reduced
by 61.54%, 50.00%, and 89.30% in Trials 1, 2, and 3,
respectively. Bacteria are physically separated from the water
because they do not vaporize during evaporation [17].
However, the incomplete and variable reduction in HPC
indicates that microbial removal was not uniform across all
trials. Differences in initial microbial concentration, solar
exposure, operating conditions, and possible post-
condensation contamination may have contributed to the
observed variation. The inverted-pyramid solar still
significantly reduced HPC across all trials while eliminating
total and thermotolerant coliforms. HPC reduction was
influenced by the initial microbial load and solar irradiance
during each day [18], [19].

C. Comparisons to the Bacteriological Standards of PNSDW
2017

Based on the Philippine National Standards for Drinking
Water (2017), drinking water must contain zero total coliform
and zero thermotolerant coliform per 100 mL sample. The
treated water met these standards in all trials, indicating
compliance with microbiological safety requirements for these
parameters. HPC does not have a strict regulatory limit, its
presence in treated water suggests that further treatment or
handling precautions may be necessary to ensure overall water
quality.

TABLE IIL.Trial 1 Results with Comparison to PNSDW 2017 Standard

Parameter Raw Treated Standard Remarks
Total Coliform 9200 0 0 PASSED
Thermotolerant 9200 0 0 PASSED

Coliform
HPC 13000 5000 <500 FAILED

The treated water met the study's PNSDW 2017 criterion
for zero total coliform and zero thermotolerant coliform in all
trials. The 3-trial reports treated HPC values of 5,000, 7,000,
and 214 CFU/mL for Trials 1, 2, and 3, respectively. Thus, the
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distiller achieved complete removal of the tested coliform
indicators, while HPC was only partially reduced. Because
HPC is a general indicator of bacterial population and the
thesis notes that its presence may require further treatment or
handling precautions, the system should not be described as
consistently producing potable water based only on these
parameters.

TABLE IV. Trial 2 Results with Comparison to PNSDW 2017 Standard

Parameter Raw Treated | Standard Remarks
Total Coliform 240 0 0 PASSED
Thermotolerant 45 0 0 PASSED

Coliform

HPC 14000 7000 <500 FAILED

TABLE V. Trial 3 Results with Comparison to PNSDW 2017 Standard
Parameter Raw Treated Standard Remarks
Total Coliform 23 0 0 PASSED
Thermgtolerant 5 0 0 PASSED

Coliform

HPC 2000 214 <500 PASSED

D. Relationship Between Solar Irradiance and Microbial
Removal

The results indicate a direct relationship between solar
irradiance and the performance of the solar still in terms of
both productivity and microbial removal efficiency. Higher
solar irradiance increases the thermal energy available for
evaporation, which accelerates the phase change process and
enhances the separation of contaminants. As evaporation rates
increase, the system produces more distilled water and
improves the removal of microorganisms [14].

For coliform bacteria, complete removal was achieved
regardless of irradiance level due to their inability to survive
the phase-change process. However, the reduction of
heterotrophic bacteria showed dependence on solar intensity.
Higher irradiance resulted in greater temperature within the
still, which contributed to increased bacterial inactivation.
Elevated temperature and ultraviolet (UV) exposure
significantly reduce microbial survival in water systems [26].

This relationship confirms that solar energy plays a critical
role not only in water production but also in improving
microbiological quality. The findings support previous studies
indicating that increased solar exposure enhances both
evaporation efficiency and microbial reduction [9].

E. Statistical Analysis

Test L df | p-value

Friedman two-way ANOVA by ranks 3 13.713 5 0.018

The Friedman analysis yielded y* = 13.713 with p = 0.018,
indicating a statistically significant difference at a = 0.05. The
result supports a difference among the microbial
measurements evaluated in the study and is consistent with the
observed complete removal of total and thermotolerant
coliform and the substantial reduction in HPC.

F.  Practical Applicability

The inverted-pyramid solar distiller demonstrated potential
as a low-cost supplementary treatment system for stored
rainwater in areas with adequate sunlight. Its principal
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microbiological result was the complete removal of total
coliform and thermotolerant coliform in all three trials.
However, productivity ranged only from 0.400-0.667
L/m?/day, which may limit its ability to meet household water
demand. The thesis recommends increasing the evaporation
surface area, improving insulation, optimizing the
condensation surface, and considering other solar-assisted
technologies to improve production and efficiency. Because
HPC remained present after treatment, further treatment or
handling precautions should be considered before direct
drinking-water use.

IV. CONCLUSIONS

The inverted-pyramid solar distiller improved the
microbiological quality of stored rooftop rainwater under the
experimental conditions. Total coliform and thermotolerant
coliform were completely eliminated in all three trials,
achieving 100% removal. HPC was reduced by an average of
57.9%, although the reduction was inconsistent and remained
above the study's reference criterion in two trials. The system
produced 0.90-1.50 L of distilled water per trial, with
productivity of 0.400—-0.667 L/m?/day and daily efficiency of
22.24-34.22%. The highest performance occurred in Trial 3,
which had the highest five-day mean solar irradiance.
Statistical analysis using the Friedman test showed a
significant difference in the microbial measurements (p =
0.018). Overall, the system shows promise as a low-cost
supplementary rainwater treatment technology, but its limited
productivity, incomplete HPC removal, and the absence of
physico-chemical testing indicate that further optimization and
post-treatment are necessary before broader household
drinking-water application.

V. RECOMMENDATIONS

* Improve the inverted-pyramid solar still by increasing
effective evaporation surface area, improving insulation, and
optimizing the condensation surface to increase productivity
and thermal efficiency.

* Consider supplementary treatment, such as ultraviolet
disinfection or other solar-assisted purification processes, to
improve removal of heterotrophic bacteria.

* Evaluate larger-scale prototypes and longer operating
periods to determine whether the system can contribute
meaningfully to household water demand.

* Investigate the relationship among solar irradiance, internal
temperature, productivity, and microbial removal under
different seasons and climatic conditions.

* Include physico-chemical parameters such as pH, turbidity,
total dissolved solids, conductivity, and dissolved oxygen in
future evaluations.

» Further investigate the effect of prolonged rainwater storage.

ACKNOWLEDGMENT

Above all, the researcher would like to express his deepest
gratitude to Almighty God for His endless guidance, strength,
wisdom, and countless blessings throughout the completion of

No’man Nonong Tungayao and Engr. Anas Lamla Atal “Inverted-Pyramid Solar Distiller for Rainwater: A Focus on Bacteriological
Potability,” International Journal of Multidisciplinary Research and Publications (IJMRAP), Volume 9, Issue 3, pp. 59-64, August 2026.



this study. His grace and providence made this research
possible despite the challenges encountered along the way.

The researcher would like to extend his sincere
appreciation to his thesis adviser, Engr. Anas L. Atal, for the
invaluable guidance, patience, expertise, and unwavering
support throughout the conduct of this study. The constructive
suggestions and encouragement greatly contributed to the
successful completion of this research.

Special thanks are also extended to the Sanitary
Engineering faculty members of WMSU, especially for the
Department Head of the program, Dr. Lizamyl R. Laping, and
to the Panel Chairman, Engr. Ilde B. Deloria for sharing their
knowledge, expertise, and professional insights that enriched
the researchers’ academic growth and helped strengthen this
study.

The researcher is deeply grateful to his beloved parents, to
his mom, Marma N. Tungayao, and to his father Ibno S.
Tungayao, for their unconditional love, sacrifices, financial
support, understanding, and encouragement throughout their
academic journey. Their prayers and trust served as the
foundation of the researchers’ perseverance.

Heartfelt appreciation is likewise given to the researchers’
partner, Sher-faiza J. Dammang for her constant motivation,
understanding, patience, and emotional support during the
preparation and completion of this study.

The researcher also wants to thank his friends and
classmates, especially for Gian Andrei D. Lao, and Shermina
M. Bayani for their unconditional support and endless
encouragement, assistance, and shared experiences that made
this journey more meaningful and memorable.

Lastly, the researcher would like to express gratitude to all
individuals who, in one way or another, contributed to the
completion of this study. Your support and kindness will
always be remembered.

REFERENCES

C. A. Evans, P. J. Coombes, and R. H. Dunstan, “Wind, rain and bacteria:
The effect of weather on the microbial composition of roof-harvested
rainwater,” Water Research, vol. 40, no. 1, pp. 37-44, 2006, doi:
10.1016/j.watres.2005.10.034.

K. Hamilton, B. Reyneke, M. Waso, T. Clements, T. Ndlovu, W. Khan,
K. DiGiovanni, E. Rakestraw, F. Montalto, C. N. Haas, and W. Ahmed,
“A global review of the microbiological quality and potential health risks
associated with roof-harvested rainwater tanks,” npj Clean Water, vol. 2,
no. 1, Art. no. 7, 2019, doi: 10.1038/s41545-019-0030-5.

E. Sazakli, A. Alexopoulos, and M. Leotsinidis, “Rainwater harvesting,
quality assessment and utilization in Kefalonia Island, Greece,” Water
Research, vol. 41, no. 9, pp. 2039-2047, 2007, doi:
10.1016/j.watres.2007.01.037.

T. Kim, D. Lye, M. Donohue, J. H. Mistry, S. Pfaller, S. Vesper, and M.
J. Kirisits, “Harvested rainwater quality before and after treatment and
distribution in residential systems,” Journal—American Water Works
Association, vol. 108, no. 11, pp. ES571-E584, 2016, doi:
10.5942/jawwa.2016.108.0182.

F. M. Schets, R. Italiaander, H. H. J. L. van den Berg, and A. M. de Roda
Husman, “Rainwater harvesting: Quality assessment and utilization in
The Netherlands,” Journal of Water and Health, vol. 8, no. 2, pp. 224—
235, 2010, doi: 10.2166/wh.2009.037.

D. J. A. Marzan, C. G. Congreso, M. L. E. Liza, J. C. Cano, M. A. T.
Bangao, A. V. P. Guilalas, and R. A. R. Lumas, “Proposed rainwater
harvesting system with filtration: An alternative source of potable water,”
International Journal of Research, vol. 11, no. 2, pp. 91-106, 2024, doi:
10.5281/zenodo.10650852.

[1].

(2]

[3].

[4].

[3].

6.

63

[7].

8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

International Journal of Multidisciplinary Research and Publications

ISSN (Online): 2581-6187

K. H. Nayi and K. V. Modi, “Pyramid solar still: A comprehensive
review,” Renewable and Sustainable Energy Reviews, vol. 81, part 1, pp.
136-148, 2018, doi: 10.1016/j.rser.2017.07.004.

K. K. Murugavel and K. Srithar, “Performance study on basin type
double slope solar still with different wick materials and minimum mass
of water,” Renewable Energy, vol. 36, no. 2, pp. 612-620, 2011, doi:
10.1016/j.renene.2010.08.009.

A. Martinez-Garcia, 1. Oller, M. Vincent, V. Rubiolo, J. K. Asiimwe, C.
Muyanja, K. McGuigan, P. Fernandez-Ibafiez, and M. 1. Polo-Lépez,
“Meeting daily drinking water needs for communities in Sub-Saharan
Africa using solar reactors for harvested rainwater,” 2021.

P. M. Oates, P. Shanahan, and M. F. Polz, “Solar disinfection (SODIS):
Simulation of solar radiation for global assessment and application for
point-of-use water treatment in Haiti,” Water Research, vol. 37, no. 1, pp.
47-54, 2003, doi: 10.1016/S0043-1354(02)00241-5.

M. J. Allen, S. C. Edberg, and D. J. Reasoner, “Heterotrophic plate count
bacteria—What is their significance in drinking water?” International
Journal of Food Microbiology, vol. 92, no. 3, pp. 265-274, 2004, doi:
10.1016/j.ijfoodmicro.2003.08.017.

H. Leclerc, D. A. A. Mossel, S. C. Edberg, and C. B. Struijk, “Advances
in the bacteriology of the coliform group: Their suitability as markers of
microbial water safety,” Annual Review of Microbiology, vol. 55, pp.
201-234, 2001, doi: 10.1146/annurev.micro.55.1.201.

Department of Health, Philippine National Standards for Drinking Water
0f 2017, Manila, Philippines, 2017.

G. N. Tiwari, Solar Energy: Fundamentals, Design, Modelling and
Applications. New Delhi, India: Alpha Science International, 2002.

J. A. Duffie and W. A. Beckman, Solar Engineering of Thermal
Processes, 4th ed. Hoboken, NJ, USA: Wiley, 2013, doi:
10.1002/9781118671603.

M. Mohsenzadeh, L. Aye, and P. Christopher, “A review on various
designs for performance improvement of passive solar stills for remote
areas,” Solar Energy, vol. 228, pp. 594-611, 2021, doi:
10.1016/j.solener.2021.09.086.

A. Bekele, A. Dinkissa, and T. Limore, “Investigating the yield
improvement of modified passive solar still using nanoparticle coatings
and nanoparticle-enhanced phase change materials,” International Journal
of Sustainable Energy, vol. 42, no. 1, pp. 1079-1091, 2023, doi:
10.1080/14786451.2023.2251610.

M. Roshdy, M. El-Sayed, and A. A. Abdel-Rehim, “Experimental
investigation of the performance of a single-slope solar still under Aswan
climate conditions,” IET Renewable Power Generation, 2021, doi:
10.1049/rpg2.12306.

P. Mahato and G. N. Tiwari, “Rendering utility water with solar still and
efficiency of solar stills with different geometry—A review,”
Environmental Nanotechnology, Monitoring & Management, vol. 16,
Art. no. 100534, 2021, doi: 10.1016/j.enmm.2021.100534.

R. L. T. Inting, E. I. M. Bardoquillo, J. J. U. Carballo, C. M. P. Labiano,
J. O. M. Dajao, D. B. Montecastro, and A. M. Basilio, S.J., “Performance
analysis of an ultra-portable solar still for rural and off-grid households:
Effects of dome geometry and thermal insulation,” Philippine Journal of
Science, vol. 154, no. 6B, pp. 1739-1749, 2025.

R. De Guzman, K. M. Gillang, R. Magnaye, M. O. Pataueg, and A. M.
Valera, “A proposed solar water distiller for coastal houses in the
Philippines,” Ascendens Asia Singapore—Bestlink College of the
Philippines Journal of Multidisciplinary Research, vol. 3, no. 1D, 2022.
A. M. Yusop et al., “Thermal application using pyramid solar still to
enhance the producing of clean water,” Jurnal Teknologi, vol. 86, no. 5,
pp. 59-67, 2024, doi: 10.11113/jurnalteknologi.v86.20935.

G. M. Ayoub and L. Malaeb, “Developments in solar still desalination
systems: A critical review,” Critical Reviews in Environmental Science
and Technology, vol. 42, no. 19, pp. 2078-2112, 2012, doi:
10.1080/10643389.2011.574104.

K. Kalidasa Murugavel, Kn.K.S.K. Chockalingam, and K. Srithar, “An
experimental study on single basin double slope simulation solar still with
thin layer of water in the basin,” Desalination, vol. 220, no. 1-3, pp. 687—
693, 2008, doi: 10.1016/j.desal.2007.01.063.

N. T. Alwan, S. E. Shcheklein, and O. M. Ali, “Experimental
investigation of modified solar still integrated with solar collector,” Case
Studies in Thermal Engineering, vol. 19, Art. no. 100614, 2020, doi:
10.1016/j.csite.2020.100614.

No’man Nonong Tungayao and Engr. Anas Lamla Atal “Inverted-Pyramid Solar Distiller for Rainwater: A Focus on Bacteriological
Potability,” International Journal of Multidisciplinary Research and Publications (IJMRAP), Volume 9, Issue 3, pp. 59-64, August 2026.



International Journal of Multidisciplinary Research and Publications
ISSN (Online): 2581-6187

[26]. World Health Organization, Guidelines for Drinking-Water Quality, 4th Organization, 2017.
ed., incorporating the first addendum. Geneva, Switzerland: World Health

64

No’man Nonong Tungayao and Engr. Anas Lamla Atal “Inverted-Pyramid Solar Distiller for Rainwater: A Focus on Bacteriological
Potability,” International Journal of Multidisciplinary Research and Publications (IJMRAP), Volume 9, Issue 3, pp. 59-64, August 2026.



