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ABSTRACT 

This communication reports the performance and evaluation of a Solar Box Cooker at a project site in Ilorin. The hourly variation of five different temperature measurements as well as standard water boiling tests and controlled food cooking tests carried out during part of the harmattan period of the year 2003 and 2004 are also presented. The results of this investigation showed that a maximum temperature of 880C was attained for the water boiling tests. The controlled cooking tests results also suggest that the constructed solar cooker would take between one‑and‑half hours and two‑and half hours to cook such commonly eaten foods like egg and rice in this tropical station. The average collector efficiency of the solar box cooker has been estimated to be about 47.56%. Based' on the results of this work, it is recommended, that the solar device could be used as a pre‑cooking and alternative domestic cook stove. 

INTRODUCTION 

A significant proportion of the Nigerian population as in many other developing countries in Africa, Asia and Latin America depend on fossil fuels, biomass and firewood for cooking and domestic water heating. Recent studies by Fernandez et al (2002), Bala et al (2002), Garba and Bashir (2002), Bello et al (2003) reported that in Nigeria, domestic cooking and heating account for more than 70% of the energy needs of most households. There is no gainsaying the fact that, conventional sources of energy for domestic cooking like liquefied petroleum gas otherwise called natural gas, kerosene and electricity are characterized by irregular availability, increasing costs and some are mostly not environmentally friendly. Solar energy is one of the main alternative renewable sources of energy crucial to our search for domestic fuel replacements. This is because, it is the source of almost all renewable and non‑renewable sources of energy. Also, it is the cleanest, it is free from environmental hazards and it is readily available and inexhaustible. However, like the development of all other energy sources, the breakthrough of solar energy into the technological world will involve a lot of planning, organization, generation and diffusion of information as well as the provision of infrastructure or devices to harness it for efficient and various effective uses. 


Nigeria is blessed with an abundant amount of sunshine which has been estimated to be 3,000 hours of annual sunshine (Buari and Sambo, 2001). Ilorin, the project site of this study is the capital of Kwara State which is located in the west-central part of Nigeria. The coordinates of Ilorin are: Latitude 8032N, Longitude 4034E and altitude 375m above mean sea level (Udo and Aro, 2000). The city is found in the Guinea Savannah zone which is the transition zone between the forestland of the South and the Sudan Savanna grassland of the Northcentral part of Nigeria. Umar et al (2000) have reported that the annual average daily sunshine hours and'the annual average global solar radiation in the Guinea Savannah region of Nigeria have been respectively estimated to be about 6.0 hours and 4.5kWm‑2day–1. 


There are several case histories detailing the construction of various types of solar cookers (Sambo, et al 1992; Sambo, et al 1993, Ogunniyi, 2001; Suleiman et al, 2003; Danshehu, 2003 and Olajuyi, 2003). The results of their investigations suggested that the working fluids of their solar cookers attained maximum temperatures which range from 850C to 1450C at 13.00 hours of certain days of investigation. In this project, a modified solar box cooker similar to the one constructed by Olajuyi (2003) has been investigated  to evaluate its effectiveness for use as an alternative cooking device. 

MATERIALS AND METHODS 

Materials Used 

A solar box cooker is usually designed to mainly consist of one or two glass covers, the outer box, tile inner box, the absorber plate or the solar collector. In this work, the materials used to construct the solar box cooker investigated are mahogany, planks, foams, nails, evostics, hinges/rollers, aluminum sheets, black paint, two pane glasses, plane mirrors, nails, saw dusts, screws and brown paint. 

Design and Construction Criteria 

As earlier mentioned, the design of the solar box cooker constructed for this solar energy study has been based on the work of Olajuyi (2003). However, there has been a few modifications from the original design of Olajuyi (2003). A trapezoidal shaped inner box of dimension 30cm by 30cm by 20cm bounded by an outer box measuring 80cm by 60cm by 30cm was designed for this study (Fig. 1). The two boxes were made from mahogany plank. Aluminum foil was glued to the inner box to create multiple reflection of insolation and enhance absorptivity of the absorber plate which is made from aluminum sheet. For the insulation of the cooker, sawdust was used to fill the space between the outer box and inner box. The box ‑cooker was covered with two transparent pane glasses and one big plane mirror (60cm by 40cm) to create ‘greenhouse effect' which is the basis of operation of the solar device. The design and construction procedure of the photo-thermal device studied in this work are described in details by Sulu (2003). Schematic diagram of the solar box cooker used for this study is shown in fig 1. 

Principles of Operation 

The operation of a solar box cooker is based on the phenomenon/principle of the greenhouse effect. According to this principle, when an energetic short wave solar radiation falls on a glass cover, the glass surface gets heated up. The incident solar radiation I, will then be partly reflected, partly absorbed and partly transmitted by the glass cover to an absorber plate called a solar collector placed below the transparent cover in accordance with the relation (Duffie and Beckham, 1974): 



I = r + a + t
where
r = absorptivity at a particular wavelength;



a = absorptivity at a particular wavelength and



t = transmissivity at a particular wavelength.


The transmitted solar radiation is re‑radiated by the solar collector to the space between the glass cover and the solar collector (absorber plate) as long wavelength infrared solar radiation, which is no more able to pass 

through the glass cover to the atmosphere. Consequently, this trapped solar radiation between the glass cover and the absorber plate is then transferred as thermal energy to the desirable materials like cooking pot and its contents placed on the absorber plate for cooking a required food item or heating water. 

Method of Tests and Performance Evaluation 

For the evaluation of the performance tests of the solar box cooker, the cooking device was positioned in the open space behind one of the Physics laboratories (Physics Laboratory B) of the Kwara State Polytechnic, Ilorin. The thermal system was placed in such a way that it was free of shadows of the adjacent buildings throughout the period of investigation. 


Following the standard international procedures adopted by Nahar (1990), Adel et al (1986), Sambo, et al (1993), and Sulaiman, et al (2003), two sets of experimental tests were carried out during the harmattan period of the year 2003 and 2004, between 23rd November, 2003 and 25th January 2004. The performance  tests  conducted  were: (i) water boiling test which involved temperature measurements connected with the photo thermal system between 10.00hours and 18.00hours as well as (ii) controlled cooking tests. During the experimentation on the water boiling tests, the following temperature readings were observed: 


temperature of the insulator, tA;

temperature just above the surface of the solar collector which is the cooking chamber air temperature), tB;

and,
temperature of the solar collector (absorber plate temperature), tC. 


For the water boiling tests, a black painted aluminium pot weighing about 0.215 kg containing about 500 cm3 (0.5kg) of water‑ was placed on the absorber plate of the solar box cooker covered with the two pane glasses and placed outdoor for observations. Similarly, for the controlled cooking tests, the food to be cooked plus about 750 cm3 of water contained inside the black painted pot were placed in the box and the unit was placed outside for necessary measurements to be observed and recorded. The various temperature and time measurements were measured on hourly basis between 1000hours and 1800hours using mercury‑in‑glass thermometers and a stop clock throughout the two months of study. The experimental set up is as shown in Fig. 2. 

Solar Cooker Performance Criteria 


The characteristics water boiling time, controlled cooking time and the efficiency have been found to be some important parameters established for evaluating the performance of Solar Cookers (Khalifa et al, 1986; Nahar, 1990; Sambo et al, 1993). The efficiency of the solar box cooker was estimated using the relation (Adegoke and Fasheun, 1998) 
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ADVANCE \u 16 
............  (1)

where mp and cp represent mass of pot and water respectively;


cp and cw represent specific heat capacity of the material (i.e. aluminum) of the pot (920J/kg0C) and water (4200J/kg.0C) respectively; 
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ADVANCE \u 2a stand for average water and ambient absolute temperatures respectively; 


Ac  represents the area of the solar collector; 


Qc  represents the average global radiation intensity and 


t    stands for the daily time period of investigation, 


In this work, the minimum mean global radiation value for the months of November, December and January of 398,83W/m2 measured and computed over many years of observation for Ilorin by Babatunde (1999) has been adopted for the estimation of efficiency of the Solar box cooker.  The extraterrestrial solar radiation intensity H0, at the top of the atmosphere was computed using the relation: 
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ADVANCE \u 16... (2)

where Isc is solar constant = 1354Wm–2
     
J is the Julian day with J = 1 on 1st January and 365 on 31st  December; 

L = Latitude at the site of‑ investigation which is Ilorin in the study with L = 8032N.


 is the declination angle of the sun on each day which is estimated using (Duffie and Beckham, 1974): 
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ADVANCE \u 16and h is the hour angle .......... (3)

RESULTS AND DISCUSSION 

The results of the hourly variations of temperature observed on three 

different clear days with relatively bright sunshine viz 20/11/2004, 14/12/2004 and 24/1/2005 are presented in Tables 1 to 3. The sky was very cloudy on 20/11/2004 and the environment was characterized by cold weather condition in the early hours of the day with the sky turning a bit bright around 12.00 hours and the intensity of the sunshine started declining around 17.45 hours.  In the case of one of the observed days in January (24/1/2005), the sky was partially clear and cloudy in the early hours of the day until noon when the sky became somewhat clear with bright sunshine. Figures 3,4 and 5 show the variations of the insulator temperature (tA), cooking chamber air temperature (t6), absorber plate temperature (tC), working fluid (water) temperature (tD) and ambient temperature (tE) observed on three different favourable days of performance tests. As shown in figure 3, the maximum temperature of the working fluid of about 880C was attained around 14:00hours (2pm) on the day of investigation in November. However, figure 5 indicates that a maximum temperature of the working fluid), tD was reached somewhat later in the day 

around 16:00 hours (4pm) on 24th January 2005. 

Table 1: 
Results of temperature measurements observed with time Using the Constructed Solar Box Cooker on 20th November, 2004. 
	Time (Hour)
	tA (0C)
	tB  (0C)
	tC (0C)
	tD (0C)
	tE (0C)

	11.00
	43.0
	47.0
	59.0
	65.0
	36.5

	12.00
	46.0
	50.5
	62.0
	68.0
	39.0

	13.00
	49.0
	58.0
	74.0
	80.5
	40.0

	14.00
	50.0
	52.0
	70.0
	88.0
	43.0

	15.00
	48.0
	50.0
	68.0
	82.0
	40.0

	16.00
	45.0
	48.5
	60.0
	76.0
	38.5

	17.00
	42.0
	46.0
	58.0
	72.0
	36.0


Table 2: 
Results of temperature measurements observed with times Using the Constructed Solar Box Cooker on 14th December, 2004.
	Time (Hour)
	tA (0C)
	tB  (0C)
	tC (0C)
	tD (0C)
	tE (0C)

	11.00
	44.0
	47.0
	58.0
	62.0
	28.5

	12.00
	48.0
	50.0
	62.0
	65.0
	32.0

	13.00
	49.0
	53.0
	65.0
	70.0
	35.0

	14.00
	48.5
	55.0
	73.0
	80.0
	38.0

	15.00
	46.0
	51.0
	70.0
	77.0
	34.0

	16.00
	42.0
	49.0
	67.0
	73.5
	32.0

	17.00
	42.0
	45.0
	54.0
	69.5
	30.5


Table 3: 
Results of temperature measurements observed with times Using the Constructed Solar Box Cooker on 24th January, 2005.
	Time (Hour)
	tA (0C)
	tB  (0C)
	tC (0C)
	tD (0C)
	tE (0C)

	11.00
	28.5
	42.0
	44.0
	43.0
	26.5

	12.00
	31.0
	41.0
	48.0
	46.0
	28.0

	13.00
	32.0
	44.0
	51.5
	50.0
	30.0

	14.00
	31.0
	49.0
	53.0
	69.0
	32.0

	15.00
	28.0
	56.0
	59.0
	72.0
	28.0

	16.00
	26.0
	52.0
	62.0
	78.5
	26.0

	17.00
	25.5
	49.0
	58.0
	73.5
	24.5



According to figures 3 and 4, it is evident that the solar box cooker plate developed a temperature of about 500C over the ambient within two hours (11:00 hours to 13:00 hours) after it was set up for investigation. The photo-thermal device later attained a maximum temperature of 880C on 25/11/2004 (see Table 1) and 880C on 14/12/2004 at around 14:00 hours (2:00pm). However, Figure 5 suggest that it took almost 4 hours before the solar device could attain the same temperature difference of 500C after its setting on favourable day of performance test carried out in January. Nevertheless, the figures (Fig. 3 to 5) have shown that the temperature differences between the solar collector plate temperature (tC) and the cooking chamber air temperature (tB) is not quite significant. This is possibly a reflection of the good emittance and or selective surface properties of the absorber plate. As shown in Tables 1 and 2, the differences between tE and tB range between 90C and 180C. On the other hand, Table 3 shows that the differences range between 30C to a maximum of 90C which is very comparable to the results of the work reported by Sambo et al (1993). This is in fact, an encouraging heat transfer behaviour of a solar box cooker developed for cooking operation in a tropical station.


Sambo, et al (1993) reported that the required minimum food cooking temperature is 820C. The results of the performance tests carried out in this work suggest that this temperature was attainable during the periods of investigation in November and December. This therefore, suggests that the developed solar box cooker is quite good for optimum use during the harmattan season in the area of study which is found in the Guinea Savannah region of Nigeria. It is pertinent to point out that during the various temperature measurements observed, the two pane glasses were always opened whenever the record of the variations.  However,  if the mercury‑in‑glass thermometers could be fixed to the appropriate sections of the solar box cookers where the observation of the variation of the temperature are required then better results would possibly be obtained. 


Following the encouraging results of the water boiling tests, controlled cooking tests were carried out to examine the effectiveness of the cooker. In this evaluation, we tried to observe the time required by the solar box cooker to cook egg and rice (0.180kg). The tests were conducted between 10.00 hours and 15.00 hours. The results of these test suggest that the cooker could be used to cook egg within a time period of one‑and half hours (1½  hours) while the time taken by the solar box cooker to cook rice was about two‑and‑half hours (2½  hours). 


In this study, the efficiency of the developed and constructed solar box cooker has been calculated based on the results of the water boiling tests conducted and the' expression shown as equation (i) above. The average efficiency was estimated to be about 47.56%. This value is comparable to the values obtained by Sulaiman et al (2003) for similar cookers investigated in the Sahel zone of Nigeria. 

CONCLUSION AND RECOMMENDATION 
Conclusion 

The following conclusions have been drawn from this study; 

(1) The performance evaluation of the constructed solar box cooker showed that the cooker could boil water to a maximum temperature of 88.00C. 

(2) 
The time taken by the solar device to cook egg and rice was respectively found to be about 1½ hours and 2 ½ hours. 

(3) 
The estimated average efficiency of the solar box cooker was found to be about 47.56% 

Recommendation 

Following the performance tests conducted and the thermal efficiency calculated for the better performance of the device, one or more reflectors should be included as part of the cover to increase the amount of isolation on the absorber. In the course of our investigation, we were forced to always open the glass covers in order to observe the variations of the cooking chamber air temperature, absorber plate temperature and the working fluid temperature. In doing these, so many errors such as effect of drought have prevented us from observing accurate and reliable temperature measurements. We therefore, recommend the fixing of required thermometers at appropriate places throughout the periods of investigation without the need to constantly open the glass covers of the solar device. We also suggest the use of more accurate temperature measuring instruments like thermocouples and platinum‑resistance thermometers for conducting the various temperature measurements in future. Moreover, in this era of fuel shortages and power breakdown without notice, even the commonly used cookstoves like kerosene stoves, electrical cookers and gas stoves have caused some disappointments at certain times when in use. Therefore, the introduction of solar box cooker into the rural areas homesteads and the urban poor dwellings will greatly reduce the felling of trees as sources of fuel woods for domestic cooking and heating of water. This will undoubtedly check the effects of deforestation and desert encroachment on our environment. Finally, it is recommended that any future work of this nature, should involve the tests of the effectiveness of the use of different metals to serve as absorber plate and we also implore that future investigators should try to quantitatively evaluate the thermal efficiency of this photothermal system in relation to conventional cooking stoves. 
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