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ABSTRACT

Solar Box Cookers are a good alternative in mitigating fossil fuels and biomass use, especially for tropical developing nations such as the Philippines, but their wide acceptance is limited by
their high dependence on sufficient sunlight for better performance. This research aims to develop a thermal-efficient, portable Solar Box Cooker with Sand Sensible Heat Storage materials,
Coconut Coir (Cocos nucifera) agricultural waste insulators, and locally sourced building materials. The designed and constructed cooker was evaluated using three thermal performance
tests: the Stagnation Temperature test from the Bureau of Indian Standards (BIS), the Cooking Power test from the American Societal of Agricultural Engineer (ASAE) Standards, and a rice
cooking test. Data obtained from the three-day trials of each test were used to determine the first figure of merit (F;), the single measure of performance (Ps(50)), and its ability to cook 300 g
of NFA rice with 500 mL of water, respectively. It was found that the cooker achieved an F; of 0.06 Km2/w, a Ps(50) of 6.651 W, and cooked rice for one-third of the tests. Obtained
experimental findings showed that the device is marked as a Grade-B solar cooker. Results indicated that the solar box cooker is capable of pasteurizing water and cooking rice.
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INTRODUCTION

The world’s energy consumption increases due to high industry and household demands
such as cooking, which greatly consumes fossil fuels and biomass. Solar energy, a
renewable and abundant energy source in tropical nations, is utilized by solar box
cookers (SBCs). The use and potential of SBCs, however, are not generally accepted
due to their reliance on persistent solar radiation. Insulators aid in the accumulation of
sufficient temperatures and the reduction of heat loss. Coconut coir (Cocos nucifera)
insulator was found to perform well as it had a remarkable stagnation temperature of
159°C and thermal efficiency of 37.00% (Aremu & Akinoso, 2013). Sensible heat storage
(SHS) materials store energy in the form of specific heat, which facilitates prolonging
heating processes (Abate, 2014; Bauer et al., 2018). An SBC with sand SHS material
was identified as more efficient in storing energy than water, as it had an efficiency of
4.145%. (Francis et al., 2016). The Philippines produces a considerable number of
agricultural wastes, including coconut coir (Cocos nucifera), and uses sand for multiple
construction purposes. Thus, this research aims to design and construct an SBC with
Vibro sand SHS material, coconut coir (Cocos nucifera) insulator, and readily available
materials in the Philippines; as well as to evaluate the cooker’s thermal performance
through the Stagnation Temperature, Cooking Power, and rice cooking tests.
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DESIGN AND PERFORMANCE PERFORMANCE
CONSTRUCTION TESTING EVALUATION

The design structure was
made upon reviewing
the availability,
efficiency, and cost of
the materials and
recommendations from
previous researchers.
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Figure 2. Constructed Solar Box Cooker
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Figure 4. Temperature Variation Curve During Stagnation
Temperature Test Day 2 (16/01/2021)

Figure 3. Temperature Variation Curve During Stagnation
Temperature Test Day 1 (15/01/2021)

Table 1. Summary of Data from Days 1 to 3 of the Stagnation
Temperature Test (15/01/2021 to 17/01/2021)
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Temperature and Insolation vs Time of Day

™ Highest Plate Temperature (*C) 623 803 9.8
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Figure 5. Tempevaluve Variation Curve During Stagnation
Temperature Test Day 3 (17/01/2021)

The mean F; obtained by the SBC was 0.06 Km2/w, which is 50% of the BIS (2000) standard
value of 0.12 Km#w. This marks the device as a Grade B solar cooker. Intermittent cloud
coverage transpired during the first and second trials, while relatively good radiation persisted
during the third day. The SBC reached a plate temperature above 90°C and sustained a
temperature above 75°C for 265 minutes. The data were insufficient in determining the optimal
stagnation plate temperature due to variations in ambient temperatures throughout the trials.

Table 2. Summary of Data from Days 1 to 3 of the Cooking Power

200 Test (02/03/2021, 03/03/2021, 05/03/2021)
Day1 Day2 Day3
Cooking Regreson | RSO 2678 1393 3121
Equations Slope (WP C) | -0.53 0013 052
Coeffcient of Determination (R') 057 00005 074
Mean Ambient Temperature (°C) 345 103 202
L 0 » 0 © 0 Mean Solar Insolaton (W/m’) 0 s o
Temperatre Diffrnce (T
Mean Wind Specd (aus) 09 15 15

Figure 6. Overall Cooking Power Performance

The single measure of performance Ps(50) was determined as 6.651 W using the regression
equation Ps = 24.541 - 0.359 Ty, which is lower compared to previous studies. The coefficient
of determination was 0.35, meaning only 35% of standardized cooking power can be
predicted by the temperature difference which does not satisfy the ASAE (2013) standard
value. This is due to sudden cloud formations and fluctuating insolation at certain intervals
during the first and second trials.
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Figure 7. From Left to Right: Resulting Rice Load of Rice Cooking Test Days 1 to 3 (17/03/2021 to 19/03/2021)

Table 3. Summary of Data from Days 1 to 3 of the Rice
Cooking Test (17/03/2021 to 19/03/2021)

Bayl  Dayl  Dayd
Highest Pot Temperatore (°C) 711 788 513
Mean Ansbient Temperature (°€) 301 EIE) 36
Mean Solar Insalatian (Wim) 467 730 3
Mean Wind Speed (mis) 03 Lo o7
End of Reconding MO0 130 16:00

For the first, second, and third trials, the rice was uncooked, partially cooked, and cooked for
420 minutes, respectively. The cooking time was slower compared to previous studies.
Frequent opening of the glazing and pot to check the rice could have contributed to the
obtained time. Moreover, the second and third days had favorable weather conditions, while
the first day had the least sunlight availability.

CONCLUSIONS & RECOMMENDATIONS

The results indicated the developed solar box cooker's underperformance when subjected to
inconsistent weather conditions. However, it was still able to show its competence in sustaining
heat inside the cooking chamber. The cooker's performance under unremitting solar radiation
showed its ability to pasteurize water and cook rice. Future research should create designs that
optimize available materials and solar radiation in the country and consolidate other standardized
tests with more trials. A comparative analysis of varying cooker configurations in different sites
should also be done to determine the most suitable design for a specific region in the Philippines.

Abate, S. (2014). Evaluation of thermal energy storage materials for cookers (Thesis, Helsinki Metropolia University of Applied Sciences). https:/iwww.theseus. lllhandle/luOZNSAZZQ

Ademe, Z. & Hameer, S. (2018). Design, construction, and performance evaluation of a solar cooker with a glazing wiper mechanism. AIMS Energy, 6(1), 1 _Design_¢ 1 and :_evaluation_of_aBox_type_solar_cooker with_a_glazing_wiper_mechanism
Aremu, A., Ogunlade, C., & Oladapo, A. (2019). Design and experimental testing for building integrated box type solar cooker. Journal of Multidisciplinary Engmsermg Science Studies, 5(3), 2518-2525. htps 1_Design_ And_§ Testing_ For_A_Bulding_Integrated_Box_Type_Solar_Cooker
'ASAE 5550 (2013). Tesiing and Reporting Solar Cooker Periormance. American Society of Agricultral Engineers (ASAE). The Society for Engineering n Agticulural Faod and Biological Systems. Renewable Power Generation Commitiee. 2950 Niles Road, USA asabe.

Bauer, T., Steinmann, W., Lain
Bureau of Indian Standards. (2000). IS 13429 (Part 3). hitps:/llaw.resource.org/pub/in/ bis/SO08/is.13429.3.2000.pelf
Francis, C., Jose, V., & Chacko, R. (2015). Experimental analysis of box type solar. cooker for and off-sunshine cookint

, D., & Tamme, R. (2018). Thermal energy storage materials and systems. Annual Review of Heat Transfer, 15(1), 131-177. https://doi.org./10.1615/AnnualRevHeatTransfer.2012004651

Journal of Advance Research in Engineering, Science & Technology, 2(11), 51-57. htps://www.academia.edu/31350773/35_Solar_cooker_full_Chinnumol

Funk, P. (2000). Evaluating the international standard procedure for testing solar cookers and reporting performance. Solar Energy, 68(1), 1-7. https//doi.org/1

Kundapur, A., & Sudhir, C. V. (2009). Proposal for new world standard for testing solar cookers. Journal of Engineering Science and Technology, 4(3), 272-281.
Rikoto, 1.,

& Garba, I. (2013). Comparative analysis on solar cooking using box type solar cooker with finned cooking pot. International Journal of Modern Engineering Research, 3(3), 1290-1294. http:/fwww.ijmer.

DOCUMENT) 1.pdf

901294 pdf



https://www.theseus.fi/handle/10024/84229

