
Energy and Power 2019, 9(1): 1-11 

DOI: 10.5923/j.ep.20190901.01 

 

Hybrid Oven (Solar + Biomass) for Cooking.      

Design, Construction and Thermal Evaluation 

Quiroga N. V.
1
, Esteves A.

2,3,*
, Bailey J.

2
, Esteban S.

4 

1Facultad de Ciencias Agrarias, UNCUYO - Almirante Brown 500, Chacras de Coria, Luján de Cuyo, Mendoza, Argentina 
2Environmental, Habitat and Energy Institute, INAHE – CONICET. Av. Ruiz leal s/n, 5500 Mendoza, Argentina  

3Facultad de Arquitectura, Urbanismo y Diseño, Universidad de Mendoza, Mendoza, Argentina 

4Non Conventional Energy Research Institute INENCO – CONICET – UNSa Av. Bolivia 5150 – 4400, Salta, Argentina 

 

Abstract  Solar energy for cooking is an interesting option to achieve energy efficient cooking, while reducing 

environmental impact and facilitating nutritious cooking on a daily basis, especially to provide nutrition for young children. 

Solar oven delivers high thermal performance running on solar energy alone on clear days. On cloudy days, the amount of 

solar energy is not enough to use the solar oven. Therefore, it is necessary to cook with electricity, gas or firewood, which 

breaks the continuity of the use of the solar oven. Then, when it is possible to use the solar oven again (on the subsequent clear 

day), it is difficult because of the habit established of fuel use. The hybrid oven (solar + biomass) allows for cooking every 

day of the year (clear or cloudy), with the same device, even at night. This paper presents the design, construction and thermal 

evaluation of a hybrid solar oven with biomass as an auxiliary source of energy. The basis is the drum solar oven, widely used 

for its characteristics: easy to build, efficient performance and optimum cooking capacity. It incorporates a specially designed 

appliance which takes advantage of the biomass and generates energy efficient cooking. Thermal tests are carried out to 

determine the characteristic parameters: figures of Merit F1 =0.100; F2 =0.253, standardized cooking power for 50°C, 31.2 

W, and cooking efficiency 23.3% for operation only with solar energy and standardized cooking power for 50°C, 378.3W and 

cooking efficiency 5.8% for the oven with hybrid operation. Temperatures reached by the absorber plate are 120°C for 

solar-only energy operation and 173°C for hybrid operation. These temperatures do not endanger the integrity of the materials 

used. Only a minimum amount of energy is needed to reach the necessary temperature and power for cooking. It is therefore 

an interesting and economical solution for all communities of any climatic condition, especially those that are isolated from 

energy supply networks. 
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1. Introduction 

Access to energy resources is a problem in vulnerable 

sectors of the world population. According to the 

Intergovernmental Panel on Climate Change (IPCC), 56% 

of the world’s renewable energy is made up of firewood and 

vegetable carbon (bioenergy), which is mainly utilized for 

cooking in developing countries [1]. In this context, 

providing a cooking device that has high performance and 

low environmental impact would be of immense and 

immediate benefit for theses vulnerable communities. 

In Argentina the energy matrix is made up primarily of 

fossil fuel consumption, particularly natural gas [2]. With 

regards of fuel utilized for  cooking food,  only 56.2% of  
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homes have access to natural gas, while it 37.5% use LPG - 

Liquefied Petroleum Gas (10kg propane tanks), many of 

which also use firewood (when they finish the 10kg tank) 

and 2.65% use only firewood [3]. The costs of fuels are 

variable for 10,000 kcal: natural gas $Ar 6.00 (U$S 0.157); 

LPG $Ar 31.25 (u$s 0.822); firewood $Ar 22.80 (U$S 0.60). 

Due to the high cost of LPG and electricity, and the 

inability to use natural gas (because of the non-existence of 

pipelines), people in remote rural areas, mostly use biomass 

(firewood) as an easily accessible, cheap fuel. [4]. 

A family that uses biomass daily for cooking can have 

problems associated with its collection and use: injuries, 

tears, lacerations, sores, lumbar injuries during gathering; 

asphyxia, eye irritation and allergies caused by exposure to 

smoke, burns from hot water or caused by direct contact 

during cooking, etc. [5]. In the central-western region of 

Argentina this activity took up to 2 hours daily. 

Additionally, people choose to avoid preparing energy 

intensive foods such as meats, cereals and legumes that are 

rich source of proteins, vitamins and minerals essential for 

the daily diet, especially for children. 

http://creativecommons.org/licenses/by/4.0/
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Also in this region of the country, the extraction of 

firewood from the native forests peripheral to communities 

in non-irrigated areas is one of the causes of desertification, 

with the rate of regeneration lower than the rate of 

exploitation [6, 7]. Over time, these forests become scarce, 

due to an increase in consumption or an increase in 

consumers, because firewood is cut from the native forests 

by those who need a quick solution to their energy needs. As 

a result greater distances have to be covered to obtain 

firewood. In oasis areas where irrigated water is available, 

firewood can be obtained from pruning trees on public 

streets or from windbreak barriers. In a global context, 

people below the poverty line are dependent on biomass as a 

source of energy for cooking and other uses [8]. 

In this context, solar energy for cooking is an interesting 

option to achieve energy efficient cooking, while reducing 

environmental impact and facilitating nutritious cooking on a 

daily basis, especially to provide nutrition for young children. 

Solar cooking can be done without the use of other fuels. The 

only requirement is to have sufficient solar radiation. This 

occurs on clear or partly cloudy days (In the central-western 

part of Argentina, approximately 300 days/year are 

measured). Cooking can be completed in about 2 hours    

[5, 9].  

On cloudy days, solar energy is not enough to use the   

solar cooker (in the central-western part of Argentina, 

approximately 65 days/year are computed). On such days it 

is necessary to cook with electricity, gas or wood stoves. In 

this way, the continuity of the use of the solar oven is lost and 

return to the use of solar cooking is difficult once the sun 

shines again. A possible solution would be a hybrid oven that 

uses another source of auxiliary energy in addition to solar 

energy, allowing it to work on cloudy or clear days. There 

are different types of hybrid ovens that have been designed 

for cooking.  

Saxena and Agarwal design a new hybrid solar cooker 

with air duct and halogen lamp and low power fan in it. 

These help to reduce the cook time. They present tested for 

thermal performance evaluation in climatic condition of 

western Uttar Pradesh, India. The parameters calculated are: 

F1 = 0.12 m2.°C/W, F2 = 0.46, thermal efficiency = 45.11%, 

cooking power = 60.20 W and overall heat loss coefficient is 

6.01 W/m2 °C with minimum consumption of only 210W 

[10]. 

Saxena and Karakilcik present a solar box cooker (SBC) 

with low cost heat storage material composed of sand (40%) 

and carbon (60%). With this SBC it is possible to cook 

during the off-sunshine hours. They indicate the figures of 

merit F1 = 0.13 m2.ºC/W and F2 = 0.44 and thermal 

efficiency of 37.1% were estimated [11]. Another system is 

an SBC with phase change materials (PCM) such as stearic 

acid, found to have good latent heat storage to combine with 

solar cooking [12].  

Nandwani designed and tested a hybrid solar system that 

allows, in addition to cooking, to dehydrate and purify water, 

using electric power on cloudy days or partially cloudy days 

in addition to solar energy. Effective thermal efficiency is 

from 23% to 32%, depending on the mode of operation. 

Nandwani indicates that electric power consumption is 

minimal because it is used only to complete cooking when 

solar energy is insufficient [13]. 

Prasanna and Umanand utilize a hybrid solar cooking 

system with use of LPG too. The solar energy is collected in 

a paraboloid dish concentrator and heats oil that transports 

energy to an intermediate tank. Later when cooking is 

required the energy stored in the intermediate tank is used to 

generate heat. If the temperature is not enough, liquefied gas 

is used to supplement [14]. 

Arunachala designed a hybrid cooker for night cooking, 

using cylindrical parabolic concentrator-CPC that heats oil 

with solar energy. Later, at night, the temperature of the oil is 

enough to heat the food. Temperatures of 110°C are reported 

for this cooker [15]. 

Another hybrid solar oven was presented by Joshi [16]. It 

uses solar thermal and photovoltaic energy, enhancing the 

work the oven and, at the same time, reducing the weight of 

the appliance with respect to other solar ovens. 

Fonseca presented a high capacity hybrid cooker for use in 

industrial kitchens [17]. This oven consists of a cooking 

chamber and a combustion chamber. The latter is attached to 

the outside of the oven. This model reduces wood 

consumption and its performance is 21% higher than 

traditional non-solar ovens. The energy consumed in hybrid 

solar-biomass cooking to reach a difference in temperature 

of 50°C is: 80W when the test is carried out with orientation 

and 58 W without orientation. This is according to the 

protocol of the Red Iberoamericana de Cocción Solar de 

Alimentos (RICSA-CYTED, or Iberoamerican Network of 

Food Solar Cooking) [18]. Among the advantages is that the 

quantity of biofuel used, 1 kg of coal and 3.7 kg of firewood, 

can maintain the temperature of 7.2 kg of water above 80°C 

for a five hour period. The disadvantages are that the 

equipment is too big and would be onerous for family use.  

Buigues analyses the possibility of combining a solar oven 

with electricity to make it viable for cloudy day use [19]. On 

those days, the temperature of the absorber plate remained 

between 120°C and 140°C with electric power. 

Quiroga has designed a solarelectric oven that allows  

for cooking on cloudy days, as well as at night. The 

disadvantage of this type of hybrid solar oven is that it 

requires a source of electrical power that does not exist in 

many isolated rural communities [20]. 

This paper presents the design, construction and thermal 

evaluation of a hybrid solar oven with biomass as an 

auxiliary source of energy. The basis is the drum solar   

oven, widely used by its ease of construction, efficient 

performance and optimum cooking capacity. It incorporates 

a specially designed appliance which takes advantage of 

biomass and generates energy efficient cooking. 
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2. Construction of the Oven 

2.1. Design Objectives 

The design of the hybrid solarbiomass oven requires meet 

certain objectives: 

1.  The cooking power of the auxiliary fuel must be equal 

to or exceed the cooking power of the system when it 

is operated with only solar energy 

2.  Take only one to two hours for cooking. 

3.  The materials used (thermal insulation and transparent 

materials) should maintain their physical properties 

over time, because biomass combustion generates 

higher temperatures than the solar energy process.  

4.  The combustion chamber should be able to hold the 

quantity of biomass required in order to reach and 

maintain the cooking temperatures during the period 

of time required. 

5.  The oven should be made with available materials, 

such as those that can be found in local hardware 

stores, as much as possible.  

6.  The design must be easy to assemble, be easily 

replicated and economic. 

2.2. Drum Solar Oven 

The drum solar oven was developed by Hobbs in 

Australia [21], and later introduced in Argentina by Saravia 

[22] who made a replica in Salta, Argentina. Subsequently 

Esteves made his own version in the central-western region 

of Argentina [23]. Figure 1 shows Esteves version of drum 

solar oven and Figure 2 shows transversal section of the oven, 

showing different elements. 

 

Figure 1.  Drum solar oven with mobile stand 

The outer casing consists of the 200 liters (53 gallon) 

drum cut down the middle lengthwise. The same is a 

pre-painted metal sheet on the outside. Inside, it should be 

painted with antirust paint. Thermal insulation of expanded 

polystyrene-EP (0.015mm thickness) and fiberglass (0.05m 

or 0.075 m) are then added. The EP separates the sheet 

metal envelope from the fiberglass insulation. Finally, a 

sheet of pressed cardboard of 0.003 m thickness and an 

internal sheet of 0.0003 m thick aluminium are put in place. 

The frame and window are made of poplar wood. The 

glass cover is made of hermetically sealed double glazing, 

two 4mm thick panels with a gap of 1.2 cm. 

The drum solar oven has a large cooking chamber which 

allows enough space to be able to place a combustion 

chamber under the absorber plate (see Figure 2). Thus it 

receives both solar energy coming through the top window 

and the heat from the biomass combustion from below. 

 

Figure 2.  Transversal section of the drum solar oven 

Figure 3 shows the temperatures reached by the absorber 

plate without food on a clear day (stagnation temperature): 

maximum temperature of 134°C with solar radiation on 

horizontal surface between 500-600 W/m2. This proves that 

the drum solar oven delivers high thermal performance 

running on solar energy alone on clear days. Figure 4 

indicates that stagnation temperature in cloudy day is low, 

near 80°C, and it is not possible to reach suitable 

temperatures for cooking, making it necessary to have an 

additional source of heat. 

Based on this solar oven, an auxiliary heating system 

using biomass was designed. The following describes the 

biomass composition, followed by the design, construction 

and evaluation of the heating biomass system of the hybrid 

oven (solar + biomass). 

 

Figure 3.  Stagnation temperature without charge, on clear day 
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Figure 4.  Stagnation temperature without charge, on cloudy day 

2.3. Composition of Biomass for Use as Fuel 

Combustion is a process of rapid oxidization with a 

release of heat. Firewood as fuel contains carbon (C) 

hydrogen (H), oxygen (O) nitrogen (N) and other elements, 

which combine with oxygen (O2) of the air. With the correct 

combination, ignition ensues, which in turn maintains the 

temperature that allows the reaction to continue. 

The cells of wood have cellulose, hemicellulose and lignin 

as their main components (99%). Nitrogen (N) content is 

about 0.75%, while the sulfur content is very low [24]. 

In general, firewood has an initial combustion temperature 

of around 300°C, this being the temperature at which the 

energy generated in the reaction is greater than the energy 

lost to the atmosphere, thus maintaining combustion. 

Ignition temperature depends on the atmospheric pressure, 

combustive agent (air) and used combustible [25]. 

The moisture content of freshly cut firewood varies 

between 40 and 50%; after being left exposed in dry weather 

protected from rain, the average moisture content drops by 

approximately 25%. 

The biomass available in any given area depends on the 

native species and exotic species planted by previous 

generations. The area that concerns us in this work comprises 

the province of Mendoza in the central-western region of 

Argentina, that is south latitude between 31° and 36°; west 

longitude, between 66° and 69°; altitudes between 400 and 

900 m.a.s.l. 

2.4. Measuring the Water Content of the Wood 

The low calorific value (LCV) of biomass is affected by 

moisture content because evaporating water requires more 

energy during the combustion process [24, 25]. 

To determine the average moisture content (%) of the 

biomass used in the tests, measurements were taken with a 

resistive hygrometer made by Delmhorst Instrument, which 

has a sensitivity of +/ 1%. The wood used in the tests have 

been air dried for a minimum of 1 year, and protect from rain. 

Table 1 indicates the LCV and percentage of moisture of 

the firewood used in the thermal tests. The five species listed 

are common in Mendoza [26]. Of these, the only native 

species is Prosopis flexuosa, or carob, while the others are 

exotic. Mulberry and plantain are frequently present in urban 

spaces, peach and poplar are found in the gardens of 

suburban housing as well as in cultivated rural areas, while 

the carob is present in the dry lands of Mendoza province. 

Table 1.  LCV and moisture content measured in firewood 

Trees species 
Average moisture content 

measured [%] 

LCV 

[KJ/Kg] 

Populus canadiensis 

"poplar" 
10.9 18412.3 (*) 

Prosopis flexuosa 

"carob" 
14.3 19134.6 (*) 

Prunus persica 

"peach" 
8.7 18336.0 (**) 

Morus alba 

"mulberry" 
7.7 17127.6 (**) 

Platanus sp. 

"plantain" 
7.3 17513.8 (***) 

(*) [26] ; (**) [27] ; (***)[28]  

In firewood, moisture content lower than 15-20% is 

acceptable for combustion to occur. LCV is quite close to the 

species of Table 1, this coincides with the Huhtinen's 

assessments [24].  

The C and H present in the firewood are what will react 

with the O2 in the air. The sulphur content of the firewood is 

insignificant, which lowers the risk of polluting with this fuel. 

The content of ash in the bark of the wood is greater than in 

the interior of the log. Table 2 indicates chemical 

composition of firewood with 10% moisture content, which 

found to be similar in papers by the FAO and Huhtinen [24, 

25].  

Table 2.  Chemical composition of firewood with10% of moisture content 

Component (FAO) [24] (Huhtinen) [25] 

Carbon 45.27 45-50% 

Hydrogen 5.58 6.0-6.5% 

Oxygen 38.77 38-42% 

Nitrogen 0.035 0.1-0.5% 

Sulphur 0 Max 0.05% 

Ash 0.34 - 

2.5. Sizing of the Combustion Chamber 

Since the temperature of the flame is much higher than the 

temperature reached using only solar energy, the combustion 

chamber of the oven is projected taking into account the 

incorporation of hot embers as an auxiliary source of energy. 

These have a lower temperature than a flame.  

The combustion chamber must, in this case, hold the 

temperatures generated by the embers without damaging 

other parts of the oven. Therefore an appropriate container is 

designed to hold hot embers and, at the same time, to deliver 

the heat generated to the cooking chamber. It should also be 

large enough to hold the amount of biomass that needs to be 

loaded. 

The amount of energy Ec, necessary to cook any given 
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meal made by combustion of mass of biomass (mb) is 

obtained from Eq. 1: 

𝐸𝑐 =   𝐿𝐶𝑉 ∙ 𝑚𝑏 ∙ 𝜂𝑏 =    (1) 

Where: 

Ec = energy needed for cooking [kJ]  

LCV = lower calorific value [J/kg] 

mb = mass of biomass [kg] 

ηb = efficiency of combustion process [adimensional] 

Knowing the amount of heat required for cooking a meal, 

the amount of biomass is obtained from the Eq. 2. 

𝑚𝑏 =  
𝐸𝑐

𝐿𝐶𝑉  .𝜂𝑏  
      (2) 

The efficiency of biomass combustion ηb, is the ratio 

between the quantity of usable energy delivered along with 

the quantity of mass consumed in the process. These values 

usually depend on the cooking system used; specifically, 

efficiency can reach 10% in the case of open fires, 20% for a 

stove with a closed door without air infiltration control, 30% 

in the case of a stove with an air infiltration control door and 

up to 50% in the case of a fan forced oven for controlled 

combustion [29]. 

To calculate the amount of biomass needed we consider 

the case of a family of five. They will need to cook 2 kg of 

food, which is equivalent to the energy needed to boil 2 liters 

of water and maintain its temperature for 2 hours. 

1.  Heating until boiling point 2 liters of water from   

5°C to 100°C: 814,34 kJ (5°C minimum annual 

temperature of the water contained in an elevated tank 

in Mendoza). 

2.  Maintain internal temperature of the oven during 2h: 

1504.80 kJ (In order to maintain interior temperature 

of 130°C when ambient temperature is 0°C during 2h). 

3.  Total 2319.14 kJ for whole process, without 

considering the performance of the combustion 

system. 

Prosopis sp. (carob) is a commonly used species for 

firewood, typically found in the rural areas of 

central-western and central-northern of Argentina. For this 

reason carob is the chosen firewood to carry out thermal tests. 

Considering its LCV from Table 1, the amount of wood 

necessary is 0,606 kg in order to heat and maintain during 2h 

the temperature suitable to cooking. Furthermore, the 

combustion chamber has been designed to accommodate up 

to 1.5 kg of burning wood embers. 

2.6. Necessary Air for Combustion 

The chemical composition of the firewood used in the 

combustion system depends on its moisture content. Table 2 

indicates moisture content in several wood samples after 1 

year in open air and protected from rain. The value is around 

10%, its chemical composition of C, H, O, N and S is very 

similar for different woods [27, 28, 30]. 

The theoretical amount of air required for complete 

combustion, is computed from the proportion of each 

chemical compound present in the wood, according to Eq. 3. 

𝑚𝑎𝑡 =
1.37931

𝜌𝑎
 ∙  

𝑥𝐶

12
+

𝑥𝐻2

4
+

𝑥𝑆

32
−

𝑥𝑂2

32
      (3) 

Where: 

𝑚𝑎𝑡  = theoretical air mass required [m3 air/kg of firewood] 

a = air density [kg/m3] 

XI = % of each chemical compound (from Table 2) 

The air density is calculated from the equation 

recommended by the International Organization of Legal 

Metrology (OIML), according to Picard [31]. 

In the case of Mendoza, Argentina there is relative 

humidity of 49% average, ambient temperature 27°C 

(January), and air density resulting in 1,1068 kg/m3. For 

chemical composition indicated by FAO [25] (Table 2) and 

replacing the values in Eq. 3, theoretical amount of air is 4.93 

m3 per kg of firewood for total combustion is required. 

It is important to ensure that the entire mass of wood 

utilized completes the combustion process; for this purpose, 

excess air must be considered. Solid fuels require the most 

excess air, that is, from 30 to 50% more than the theoretical 

value calculated from Eq. 3. When working with fluidized 

bed, the excess air mass can be less 20 to 25% [32]. Air mass 

required it is calculated with Eq. 4 [25]. 

𝑚 =  
𝑛

100
+ 1 ∙ 𝑚𝑎𝑡            (4) 

Where: 

m = air mass required (m3/kg). 

mat = theoretical air mass required (m3/kg)  

n = excess of combustion air (%) 

Considering an excess of 50% and taking into account that 

the actual quantity of air required is 7.4 m3/kg of wood. 

Based on m, air mass required, and taking into account 

variations of 10, 20 and 25% efficiency for the combustion 

process, it is possible to calculate the opening for air intake in 

the combustion chamber. For an air velocity of 1m/s Table 3 

shows the area required for the air intake, i.e. an aperture size 

of between 5.27 and 12.5 cm2, depending on the equipment's 

performance. 

Table 3.  Opening for air intake in the combustion chamber 

Performance of 

combustion 

system  

[%] 

Firewood 

required 

[kg] 

air required 

for food 

[m3] 

Input air 

Velocity 

[m/h] 

Area of 

aperture 

[cm2] 

10 1.212 9.0 3600 12.50 

20 0.606 4.5 3600 6.25 

25 0.480 3.8 3600 5.27 

2.7. Design and Construction of the Combustion 

Chamber with Air Circulation 

An appropriate device is designed to allow both the solar 

gain on the top of the absorber plate and the heat transfer 

from biomass combustion in the bottom of it. It consists of a 

container that holds the embers, and at the same time, allows 

an air stream to flow in order to provide the necessary 

oxygen to complete the combustion of the embers (Figures 5 

and 6). 
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The Figure 7 shows the oven with the biomass heating 

system. The device is constructed with steel plate that is 16 

BWG (Birmingham Wire Gauge) thick. Due to the risk of 

heat stress, the double glazing window must be built with 5 

mm thick tempered inner glass. 

 

a. Double Glass: 4 mm thick upper glass and 5 mm thick lower safety 

glass with 1.2 cm perforated aluminium profile separator. 

b. Poplar wood window (3"x1")  

c. Poplar wood slat (1"x1") 

d. Window frame of poplar (3"x1") 

e. 5-liter capacity pots 

g. Metallic solar oven casing (half a drum from 53 Gal.) 

h. Expanding polystyrene insulation (1 cm thick) 

i. Fiberglass heat insulation (5 or 7.5 cm thick) 

j. Interior finish in aluminium.  

k. Poplar wood with high temperature thermal insulation. 

s. Reflector made of eucalyptus wood and covered in aluminium foil. 

m. Brazier lid 

n. Guide rail for moving the brazier within the chamber 

o. Inlet for cold ambient air 

p. Flow of outside air is preheated as it circulates under the brazier 

q. Embers 

r. Chimney 

t. Air Flow Regulation 

Figure 5.  Longitudinal cross section of hybrid solar oven 

  

l. Brazier with embers. 

f. Stainless steel sheet absorber plate painted with matt black paint. 

Figure 6.  View of the oven without absorber plate (upper); and with 

absorber plate (lower) 

 

Figure 7.  View of the oven with the open brazier ready to place the embers 

3. Thermal Test for Determining oven 
Performance 

A Labjack U3LV data acquisition system was used to 

measure the temperatures of the oven components. It is 

programmed with Daqfactory software to collect data every 

minute. This is connected to a PC to record the data. The 

temperature measurements were made with type K, J and   

T self-compensated thermocouples, connected to data 

acquisition system. Solar radiation was recorded using a 

Kipp and Zonen sensor, model CM5, connected to a 

Datalogger HOBO. The weight of the mass of water and 

biomass used is measured using an electronics scale Systel 

Bumer with +/- 5g precision. 

The first factor of merit F1 takes into account the 

relationship between the optical efficiency of the oven and 

the heat it loses to the outside from the absorber plate [33, 

34]. Its mathematical expression is indicated in Eq. 5 and its 

value should be greater than 0.12 m2.ºC/W but, depending on 

the climate of the place and the stagnation temperature. This 

should be equal or exceed 111ºC [33]. 

𝐹1 =  
𝑇𝑝−𝑇𝑎

𝐼
       (5) 

Where:  

Tp = asorber plate temperature [°C] 

Ta = ambient temperature [°C] 

I = solar radiation [W/m2] 

The second factor of Merit F2, takes into account the 

efficiency with which heat is transferred to the pot. Its 

mathematical expression is indicated in Eq. 6 and the 

recommended value is F2 greater than 0.254 [33], [34] 

𝐹2 =
(𝑚𝐶𝑝 )𝑤

𝐴 𝜏 
 𝐹1 ln  

1−
1

𝐹1
(
𝑇𝑤𝑖 −𝑇𝑎

𝐼
)

1−
1

𝐹1
(
𝑇𝑤𝑓 −𝑇𝑎

𝐼
)
       (6) 

Where: 

(mCp)w = heat capacity of water [J/°C] 

A = aperture area (m2) 

F1 = first factor of merit [m2.°C/W] from Eq. 5 

 

l 

 

f 

 

t 
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 = time interval between Twi and Twf [sec] 

Twi = initial water temperature [°C] 

Twf = final water temperature [°C] 

Ta = ambient temperature [°C] 

I = solar radiation [W/m2] 

Another figure that is interesting to evaluate in solar ovens 

is the standardized cooking power SCP. The Eq. 5 is used to 

calculate it [34], [36]. 

𝑆𝐶𝑃 = 𝐶𝑃 
700

𝐼
      (7) 

Where: 

CP = cooking power [W] from Eq. 8 

I = solar radiation [W/m2] 

700 = standard solar radiation [W/m2] 

𝐶𝑃 =
𝑚𝑤  𝐶𝑝𝑤  (𝑇𝑤

𝑖 −𝑇𝑤
𝑖−1)

600 
=         (8) 

Where: 

CP = cooking power [W] 

mw = water mass [kg] 

Cpw = specific heat of water [kJ/kg.°C] 

(Twi -Twi-1) = increase in water temperature in the i 

interval (600 s) 

Thermal efficiency of solar oven , is the ratio between 

the out energy (Eout) and the energy gained by the oven (Ein) 

[12], in this case (solar and biomass energy), which is 

possible to calculate with Eq. 9. 

 
       Eout      mw.Cpw.(Twf – Twi) 
          
  Ein  Iavg.Aa + mb.LCV 
 

Where: 

Twf = final temperature of water [°C] 

Twi = initial temperature of water [°C] 

= time it takes to heat from Ti to Tf [s] 

Iavg = average solar radiation in interval of time [W/m2] 

Aa = aperture area [m2] 

mb = mass of biomass [kg] 

LCV = Lower calorific value of biomass [J/kg] 

When it is operated with only solar energy, mb = 0, and the 

second term of the denominator is zero, what is left is the 

equation for the efficiency of the solar-only oven. 

Thermal test has been done in order to determine: figures 

of merit F1 and F2; the standardized solar power of the oven 

[18], [35], [36] and its thermal efficiency. 

3.1. Thermal Test with only Solar Energy Operation 

To operate the oven exclusively with solar energy (on 

clear days), it is appropriate to disassemble the biomass 

combustion chamber.  

Figure 8 shows the oven with the “plug” utilized when it is 

operating only with solar energy (on clear days). 

The biomass heating system has been disassembled. The 

“plug” is constructed with high temperature thermal 

insulation. 

Fig. 9 show the stagnation temperature and it is possible to 

obtain F1, in this case: F1=0.100 m2.°C/W.  

 

Figure 8.  Oven with the “plug” utilized when operates only with solar 

energy (on clear days) 

 

Figure 9.  Stagnation temperature with only solar energy operation 

In order to obtain F2, a pan containing 2kg of water was 

placed into the solar oven.  

Figure 10 shows the progression of solar radiation, 

absorber plate temperature, ambient temperature and water 

in the pot. After 70 minutes (for preheating the oven) a pot 

with 2 kg of water at a temperature of 30°C is inserted into 

the oven.  

 

Figure 10.  Thermal test results with only solar energy operation 

When the oven is opened to place the pot with water, the 

temperature of the absorber plate drops from 127°C to 110°C 

(see Fig. 10). 

Then the water temperature rises up to 96.5°C (boiling 

point of the water in the city of Mendoza, located at an 

altitude of 823 m a.s.l). This process takes 110 minutes. 

 

Plug 
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Figure 11.  Cooking power with only solar energy 

Figure 11 shows cooker power versus the difference 

between water temperature and the ambient air temperature. 

When the difference increases, power levels are lower, 

taking into account the interval between 40°C and 90°C 

ensures that the oven temperatures are higher than the 

ambient temperature and lower than water’s boiling point, 

according to the RICSA protocol [18]. 

The standardized cooking for a 50°C difference between 

the water and ambient temperatures is 31.2W.  

F2 result in 0,253 and thermal efficiency is 23.3%. 

3.2. Thermal Test with Hybrid Operation 

Fig. 12 show the stagnation temperature and it is possible 

to obtain F1, in this case: F1=0.085 m2.°C/W. This test is 

carried out with the biomass system assembled on the oven. 

The thermal test (Figure 13) is carried out by first 

preheating using only solar energy, then incorporating 

embers and finally, placing a pot containing 2 kg of water in 

the oven. Then, combustion heat is used to the water to 

boiling. This process allows us to determine the cooking 

power of the oven in hybrid mode. 

 

Figure 12.  Stagnation temperature with only solar energy operation but 

with biomass system incorporated (see Fig. 7) 

The oven was preheated with solar energy for 17 minutes. 

Then the embers were introduced into the combustion 

chamber, and it took 25 minutes for the absorber plate   

and the inside of the oven to reach 173°C and 137°C 

respectively (see Figure 13). Then a pot with 2 kg of water 

was placed in the oven. This reached boiling point after 35 

minutes (65 min from the start of the test). The embers of 

1kg of carob wood were used in this test. 

Once the water reached boiling, the embers continued 

burning for 40 minutes. 

This allows complete cooking of several meals, such as 

soft vegetables (green beans, chard, onion), vegetable soup, 

noodle soup, vermicelli noodles and polenta [9]. 

Note that it is possible, subsequently, to put more hot 

embers inside the oven and to maintain the temperature for 

an extended duration. In this way, any food can be cooked. 

Standarized cooking power with hybrid operation (Figure 

13) was calculated using a temperature range of 40°C to 

90°C. For a difference of 50°C between water and ambient 

temperature is 378.3W. The higher cooking power means 

that the water reaches its boiling point more quickly, and a 

reduced cooking time compared to using only solar energy.  

 

Figure 13.  Oven temperatures with hybrid operation 
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In addition, preheating the oven before placing the food 

on it is useful as recommended in the solar oven operation 

manuals. 

 

Figure 14.  Cooking power for hybrid operation 

4. Results 

The results of the two oven operations: hybrid solar oven 

with only solar operation and hybrid solar oven with hybrid 

operation are included in Table 4. 

Table 4.  Thermal test results 

Performance 

parameter 

Hybrid Solar Oven 

(solar operation) 

Hybrid Solar Oven 

(hybrid operation) 

Ts [ºC] 142 125 

F1 [m2.ºC/W] 0.100 0.08 

F2 [adim] 0.253 -- 

SCP [W] 31.2 378.3 

 23,3 5,8 

It is possible to observe in Table 4 that the stagnation 

temperature is lower for the hybrid oven in hybrid operation. 

This occurs during preheating the oven with only solar 

energy, however it has enough to cook the food (>111°C 

indicated by Mullick [33]. 

The first figure of merit F1 are higher in the solar oven 

without biomass system. 

The standardized cooking power for a 50°C difference 

between water and ambient temperature is highest for hybrid 

oven with hybrid operation. Then the efficiency , is the 

lowest, since it incorporates another energy source (biomass) 

in addition to the solar. In this case, biomass system 

generates less  because it requires eliminating combustion 

gases outside the oven. 

5. Conclusions 

Observing the starting objectives of the research and the 

results obtained from the thermal tests with the oven in 

operation mode only with solar and with hybrid energy, the 

following conclusions can be reached: 

-  The oven’s capacity in hybrid and solar mode does not 

change. 

-  The oven’s power in hybrid mode is such that the 

cooking of meals is carried out in less time than in 

solar-only energy mode. 

-  The temperatures reached by the absorber plate and the 

interior of the oven are not hazardous to material 

deterioration. 

-  The material used for the biomass heating system 

(steel sheet) is easily obtainable in local hardware 

stores, which allows it to be easily and cheaply 

replicated. 

Some additional advantages to be considered are:  

The combustion chamber is closed off from the cooking 

chamber, i.e., the combustion gases do not mix with the 

food but allow heat transfer towards the absorber plate 

before being expelled. 

Temperatures reached for the absorber plate are around 

120°C and 173°C in solar-only mode and hybrid mode 

respectively. The standardized cooking power in the 

solar-only operation is 31.2W, while in hybrid mode it is 

378.3W, resulting in lower cooking times.  

One of the greatest advantages of the hybrid solar design is 

that can be used consistently for cooking every day, 

regardless of climatic conditions. This kind of oven has 

sufficient thermal power to be useful in places with a high 

proportion of cloudy or partially cloudy days, and even at 

night. Another notable advantage of this design is that it is an 

adaptation of the drum solar oven, which is cheap and simple 

to build, as well as easy to operate. It is therefore an 

economical solution that could be of significant benefit for 

all communities isolated from the energy supply networks. 
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