
1 Introduction and History 
 
Cooking is considered as one of humanity’s most 
integral and common activities. Being a process that 
usually requires a thermal treatment of food, securing 
the fuel to heat can be as important as providing for 
the food itself. Solar cooking devices can be classified 
into different types and subtypes, depending on their 
geometry and complexity. However, all solar cookers 
operate on a simple principle that consists of 
converting sunrays to thermal energy. This conversion 
is achieved by reflecting incident solar rays on a heat 
absorbing object that contains the desired food or 
liquid. In addition to cooking, these devices can also 
serve for pasteurization and sterilization [11,31]. 

 The first documented attempt to cook using 
solar energy was that of a German physicist named 
Tschirnhausen (1651–1708); Tschirnhausen boiled 
water placed in a clay pot by focusing the sun’s rays 
using a large lens [16].  

Solar cookers can generally belong to one of three 

categories: solar panel cooker, solar parabolic cooker 
or solar box cooker (figure 1) [11].

The solar panel cooker type is the most popular due 
to its simple construction requirement in addition to 
its low-cost materials. It operates by reflecting 
sunrays on a transparent plastic bag containing the 
food via a reflective material [11].  However, this type 
of solar cookers relies on sunlight concentrated from 
above [17], thus limiting the cooking power and 
rendering it ineffective in cloudy conditions [18]. On 
the other hand, a solar box cooker consists of a 
transparent glass cover, mounted on an insulated 
box with a reflective surface inside. Sunrays are 
directed towards the heat absorbent interior 
containing the cooking vessel [19]. This type of solar 
cookers heats up slowly [20], however it is effective 
under unfavorable weather conditions [20,21].

 Finally, parabolic solar cookers are considered as 
the most powerful among the three types. The 
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parabolic solar reflector concentrates the sunlight on 
the cooking pot, allowing a fast cooking process at 
very high temperatures [11]. Recent research efforts 

are directed to increase the efficiency of solar 
cookers, to allow for heat storage and night cooking, 
in addition to rendering the devices less costly.

2. Implementation in Lebanon: 
Potentials & Advantages

2.1- Solar Radiation, Expected Performance 
and Cost

Averaging at 4.8 kWh/m2 per day and 3,000 hours 
per year, Lebanon enjoys an abundance of solar 
radiation [15]. Like several other developing nations 
[11], these favorable conditions render the use of 
solar cooking in Lebanon an attractive substitute to 
biomass, electric and LPG-fueled cooking methods. 
In order to be a viable alternative for conventional 
cooking techniques, solar cookers have to be 
affordable, practical and yet capable of reaching 
the desired processing temperatures. However, 
the performance of solar cookers is determined 
by several parameters, such as location, weather 
conditions, wind speed, ambient temperature, solar 
intensity and the design of the device itself [24,25,26].

 
Abou Malouh et al. [24] designed and built a 
spherical solar cooker equipped with a two axes 
sun tracking system. Their device was tested in 
Shafa Bardan, Jordan, on three different days under 
different weather conditions. Figure 4 presents 
the solar cooker in use and Figure 5 shows the 
recorded ambient temperatures, solar intensities, 
temperatures inside and outside the pan during the 
three different days. The authors concluded that 
the maximum temperature reached of 93 °C was 
convenient for cooking food and pasteurizing water 
and milk. Additionally, they confirmed that the device 
can remain operational for a noteworthy period of the 
day and that higher temperatures can be reached 
on hotter days. It is worth mentioning that the solar 
radiation and air temperature values present in Shafa 
Badran (Figure 4) [27], are very similar to those 
recorded in many Lebanese areas (Figure 2, Figure 
3). 

Figure 1: Types of solar cookers: (a) solar panel cooker; (b) solar box cooker; and (c) solar parabolic cooker.

Figure 2: Spherical type solar cooker: (a) the whole system; (b) the pan and the dish; and (c) the control devices.
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Figure 3: Variation of (a) ambient temperature; (b) illumination intensity level; (c) temperature inside 
pan; and (d) temperature outside pan with time.

Figure 4: Monthly global horizontal irradiation, direct normal irradiation and diurnal air temperature in 
Shafa Bardan, Jordan.

In another study [28], Barker showed that solar 
cookers made from easily available materials, can 
reach temperatures up to 100 °C. Moreover, Terres 
et al. [29] were able to numerically show that a solar 
box cooker, coupled with internal reflectors, was able 
to heat bee honey, olive oil, milk and water to 91.8, 
91.6, 86.2 and 85.3 °C, respectively. This device was 
tested in Mexico City on 26 February 2006. Another 
widely used solar panel cooker [30], invented by Dr. 

Roger Bernard and commercially known as CooKit 
(Figure 5) [33], can reach cooking temperatures 
ranging from 82 to 135 °C [31]. This cooker can be 
purchased online for 39 USD [32] and can be made 
using low cost materials, for an estimated price of 5-7 
USD [31,33,63]. In its manual dedicated to promote 
the use of solar cookers [31], the U.S. based NGO 
Solar Cookers International, has indicated that 
CooKit can reach the required temperatures for 
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cooking and pasteurizing (Figure 6). Additionally, the 
manual presented the required period of time needed 
to cook 2 kilograms of food on a sunny day (Figure 
7). This time varied from a 1-2 hours interval, up to 
5-8 hours depending on the desired food. Moreover, 
the manual mentioned that typically a solar cooker 
can be used to cook a noontime meal and an evening 
meal. Finally, it presented the average solar radiation 

throughout the world, which indicates the areas 
where solar cookers can operate optimally (Figure 
8). Although costly and complex parabolic solar 
cookers can easily reach temperatures in excess of 
300 °C [11,19,34], the results presented above show 
that inexpensive and easily-made solar devices can 
be used to satisfy cooking and pasteurizing needs.

Figure 5: CooKit solar cooker.

Figure 6: Temperature range reached by CooKit and other similar solar cookers.

Figure 7: Required time needed to cook 2 kilograms of food on a sunny day using a typical solar cooker.
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2.2- GHG Emissions, Expected Savings & 
Safety

Whether in Afghanistan [10], India [12], Senegal 
[5] or South Africa [14], the use of solar cookers 
was able to provide free cooking fuel for the local 
communities. Moreover, it has alleviated the negative 
environmental and health impacts of using biomass 
energy sources to cook. On a quantitative level, Solar 
Cookers International has estimated that, if only 
5% of the population living in the developing world 
relies on solar power instead of biomass for cooking, 
16.8 million tons of firewood can be saved per year, 
corresponding to 56 million trees. Consequently, 
the conservation of this large amount of trees in our 
forests can avoid the direct emission of 21.6 million 
tons of CO2 per year, and another 16.8 million tons 
of indirect emissions [38]. 

In 2008, imported LPG occupied a 2% share of 
Lebanon’s country’s total energy mix [40,41]. Although 
Lebanon’s consumption of LPG has been minimal 
compared to other oil products (Figure 9) [43], this 
liquid fuel has been central in providing Lebanese 
with the required energy to cook [39,40,41,45]. It is 
estimated that from the 243 Kilotons of LPG imported 
in 2012 [44], 85% was used by the residential sector 
for cooking purposes, while the other 15% was used 
by the industrial sector [45]. Thus, it is estimated 

Figure 8: Global average annual solar radiation.

that approximately 206.55 Kilotons of LPG is burned 
annually for cooking purposes in Lebanon. Moreover, 
it is interesting to observe that, even among Syrian 
refugees currently present in the country, an 
overwhelming 93% of households use LPG for 
cooking, while a mere 4% rely on wood or charcoal 
[42].

Being a mixture of hydrocarbon gases, burning 
LPG will mainly emit carbon dioxide molecules into 
the atmosphere. As presented in (Table 1) [45], 
it can be seen that in the year 2000, the “other 
sectors” category was responsible for 1,280 Gg CO2 
equivalent of GHG emissions, corresponding to a 7% 
share of the nation’s total GHG emissions. The “other 
sectors” category includes all the space-heating and 
cooking operations performed by the Lebanese 
commercial, residential, institutional and agricultural 
sub-categories. Moreover, it is estimated that all the 
LPG quantities used by this sector were burned to 
provide energy for cooking [45]. Figure 10 shows the 
GHG emissions by fuel type under “other sectors”. 
It can be noticed that LPG, which is primarily used 
for cooking, is responsible for 32.56% of the sector’s 
GHG emissions. Thus, it can be estimated that in 
year 2000, burning LPG for cooking in Lebanon has 
emitted approximately 416.77 Gg CO2 equivalent, 
corresponding to 2.28% of the nation’s total GHG 
emissions [45].     
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Figure 9: Annual consumption of oil products in Lebanon.

Table 1: Greenhouse gas emissions from the energy sector per sub-category.

Figure 10: Share of GHG emissions by fuel type under other sectors.

2.3- Smoke Elimination, Fire Prevention and 
Deforestation

Unlike biomass or LPG-fueled cooking devices, solar 
cookers are fireless systems that do not require the 
existence of an open flame to cook [12,31,48]. This 
distinction is a significant factor in eliminating indoor 

air pollution and dangerous smoke, in addition to 
preventing indoor/outdoor accidental fires [31,38,48]. 

According to the World Health Organization [3], 
indoor air pollution, resulting from burning solid 
biomass fuels inside households, is responsible 
for the annual death of 1.5 million individuals in the 
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developing world. Due to the ability of solar cookers 
to eliminate all smoke emissions, it is estimated that 
these devices can reduce childhood pneumonia 
by half and decrease the toll of other diseases by 
5% [38]. However, in Lebanon, this advantage will 

be of limited scope, given that less than 5% of the 
population burn solid fuels domestically [3], with the 
majority relying on the much cleaner LPG for cooking 
[39,40,41] (Figure 11) [3].

Figure 11: Household energy and global warming.

Furthermore, the ability of solar cookers to prevent 
indoor and outdoor fires can prove extremely 
important for Lebanon. This conclusion arises from 
several facts, particularly present in Lebanon:

High risk of fire, cooking fire hazards & ease of fire propagation:

Due to several natural factors and human practices, 
a large percentage of Lebanese areas are classified 
as having “high” to “very high” risk of fire. For 
instance, in 2007, 28% of the country’s total area 
was severely threatened by fires (Figure 12) [49]. 
On the other hand, despite the lack of accurate data, 

outdoor cooking fires are considered as one of the 
most common causes of forest fires in Lebanon [49]. 
Another worrying report presented by the Lebanese 
Ministry of Environment states that, in 2007, 95% of 
all fires recorded in Lebanon have burned an area 
ranging from 7 to 29 hectares [51]. Moreover, the risk 
of fires is expected to increase in the future, due to the 
noticeable change of climatic conditions experienced 
in the country [45,49]. Finally, the high population 
density in Lebanon, estimated at 400 Inhabitants/
km2 [47], can further aggravate the risk of fires and 
their toll on lives and properties. 

Figure 12: Fire risk map of Lebanon, 2007.
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2.4- Energy Security, Refugees & Host 
Communities

Past experiences have shown that Lebanon’s energy 
security is far from guaranteed. Fuel deliveries, 
especially to rural areas, can be hampered or even 
stopped, by a wide range of natural and man-made 
causes. Wars, damaged infrastructures and winter 
storms have frequently led to fuel shortages in several 
Lebanese regions [58,59,60]. Moreover, LPG, which 
is the country’s main cooking fuel, is an imported fuel, 
delivered domestically via compressed gas cylinders. 
Therefore, its flow to Lebanese households is equally 
vulnerable to the aforementioned factors. 

Given the capacity of solar cookers to cook meals, 
pasteurize and sterilize liquids, while only relying 
on the abundant and free energy of the sun, these 
devices can constitute a much-needed alternative for 
LPG and biomass cooking stoves during fuel crisis. 
Additionally, the ability of solar cookers to operate 
during sunny winter weather [12,61,62,63], coupled 
with Lebanon’s  average of 300 sunny days per 
year [64], render these devices a potent and reliable 
support for both urban and rural communities. 

On the other hand, solar cookers can contribute 
in alleviating the burdens imposed on Lebanon 
by the presence of over 1 million Syrian refugees 
in the country [65]. A proliferation of solar cookers 
among Syrian refugees in Lebanon, similar to its 
spread among Afghani refugees [11], can contribute 
in improving the health and economic situation of 
these individuals, in addition to supporting the host 
communities and the central government. An analysis 
of the current statistics concerning the situation 
of Syrian refugees in the country [66], reveals the 
important rewards of implementing solar cooking 
projects on the current reality. 

According to a report assessing the vulnerability of 
Syrian refugees in Lebanon [66], it was revealed that 
20% of these households were unable to cook food at 
least one time per day. Figure 14 presents the reasons 
behind this inability to cook among refugees. It can 
be noticed that “lack of fuel”, “lack of stove kitchen” 
and “lack of safe water” were reported by 41%, 23% 
and 2% of households, respectively. Thus, the ability 
of inexpensive solar cookers to provide free cooking 
fuel, a built-in stove and water pasteurization, can 
directly assist in tackling the causes of this problem 
and render solar cookers an indispensable piece of 

equipment for refugees. Moreover, given that “lack 
of time” was reported by only 2% of households, the 
relatively long cooking time of solar cookers (Figure 
7) is not expected to constitute a major challenge 
for their diffusion. Additionally, solar cookers can 
compensate for the lack of gas stoves and water 
heaters in these households, both reported missing 
by approximately 57% of the respondents [66]. 

Finally, solar cookers can also prevent the spread of 
diseases, by pasteurizing the possibly contaminated 
drinking water consumed by 7% of the interviewed 
refugees [66]. On the other hand, 93% of Syrian 
refugee households used LPG as their main cooking 
fuel [66], which is also a common practice in Lebanese 
households. However, 31% of the interviewed 
families stated that their access to cooking fuels is 
not sufficient. Therefore, providing a clean and free 
alternative or backup cooking fuel through the use of 
solar cookers, can limit GHG emissions resulting from 
the cooking activities of 1 million refugees, in addition 
to alleviating the economic burden of procuring an 
energy source to cook. 

2.5- Possible Areas of Implementation

Simple solar cookers can be easily constructed from 
basic materials for a total cost of 5-7 USD [31,33,63]. 
Conversely, complex and large-scale solar cookers 
can also be built to match specific performance 
requirements or to be used in community kitchens 
[11,12,34]. Therefore, the implementation and 
diffusion of solar cookers in different arenas, under 
different operational settings, can be enhanced by the 
versatile characteristics of these devices. Additionally, 
as previously shown, a possible diffusion of solar 
cooking in Lebanon can address the environmental, 
health, economic and safety challenges facing the 
country.

The spread of low-cost and simple solar cookers, 
in addition to large-scale communal ones, among 
Syrian refugees, can constitute an affordable and 
practical solution to the problems facing these 
individuals and their host communities. On the other 
hand, inexpensive state-sponsored programs can be 
implemented to encourage the use of solar cookers 
in the country, in particular in rural areas, which are 
prone to frequent fuel shortages. Solar cookers 
can be promoted as an outdoor kit, able to satisfy 
the users’ needs, while preventing forest fires and 
protecting the environment. 
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Figure 13: Distribution of Syrian refugees in Lebanon, September 2015.

Figure 14: Reasons behind the inability of Syrian refugees households to cook. [66]
3. Implementation in Lebanon: 
Diffusion & Challenges

Although most studies on solar cooking addressed 
the technical aspects of this process, several 
researchers have focused on the challenges facing 
the spread of solar cookers in many areas of the 
world [10,12,13,14]. In their study [14], Wentzel and 
Pouris concluded that ‘the diffusion of solar cookers 
greatly depends on satisfying the customers’ needs 

and desires and not solely on the technical abilities 
of these devices’. Moreover, it was stated that the 
promoters of solar cookers should harness the 
versatility of solar cookers, in terms of types and 
models, in order to satisfy the specific needs of 
different market segments. Additionally, the authors 
concluded that, it is crucial to present solar cooking 
as an additional cooking option and not as a complete 
replacement for conventional cooking methods. 
Finally, providing an appropriate training and follow-
up, in addition to securing the suitable financing 
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means, were also considered as important factors in 
the effort to promote solar cookers. In another study 
[10], Michael Tucker argued that promoting solar 
cookers based on their environmental, economic or 
health benefits alone will not ensure a widespread 
use of this technology; he emphasized the need to 
address the contextual cultural and gender issues, 
in addition to encourage community involvement, in 
order to advance the diffusion of solar cookers. 

In her study, “Solar cookers in developing countries - 
What is their key to success?” [13], Pia Piroschka Otte 
identified the major factors determining the adoption 
extent of solar cookers in the developing world. 

Figure 15 presents a flowchart of these variables, in 
addition to their effects on the acceptance or rejection 
of these devices. As can be seen, the adoption of 
solar cookers requires the positive contribution of 
all the environmental, cultural, technical, social and 
economic factors (the latter can be substituted by 
political factors). Moreover, it can be noticed that, 
any negative contribution of the first 4 factors can 
automatically lead to the rejection of solar cookers.
 
In the following section, the possible effects of these 
factors on the diffusion of solar cookers in Lebanon, 
based on the work presented by Pia Piroschka Otte, 
will be presented. 

Figure 15: Flow chart relationship of relevant variables for solar cooking.
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3.1 Environmental Factors 

• Availability & price of alternative fuels: In 
Lebanon, fuel shortages are more common in rural 
areas than in urban ones. The threat to the country’s 
energy security is most severe during major winter 
storms, internal strives and wars. Moreover, Lebanon 
imports the majority of its energy needs, including 
LPG, the country’s main cooking fuel. Thus, the local 
cost of fuel is directly related to the international fuel 
prices. Therefore, it is expected that solar cookers 
are more likely to spread in Lebanon’s rural areas 
than its cities, specifically during severe energy crisis 
or future fuel price hikes.   

• Level of solar radiation: Lebanon enjoys an 
abundance of solar radiation, averaging at 4.8 kWh/
m2 per day and a yearly average of 3,000 hours of 
sunlight; favorable conditions for solar cooking.  
• Suitable place for solar cooking: It is expected 
that the space required to operate solar cookers 
is more available in rural areas than in cities, thus 
favoring the former. 
• Level of infrastructure: Lebanon’s relatively 
poor infrastructure would not lead to difficulties in 
spreading the idea of solar cooking. 

3.2 Cultural Factors

• Food characteristics: No data is currently 
available concerning the effects of solar cooking on 
the taste, texture or color of Lebanese food. This is 
recommended to better assess the compatibility of 
the technology with Lebanese food. 
• Traditional cooking habits: The diffusion of 
solar cookers in Lebanon may be hindered by their 
inability to fry food. For this reason, these devices 
must be presented as an additional cooking option, 
not as a replacement for LPG or biomass cooking 
stoves. On the other hand, added features, such 
as heat storage and practicality, are expected to 
encourage the use of solar cookers. 
• Schedules of daily routine: Solar cookers 
necessitate sunlight to operate. This requirement 
can obstruct the spread of solar cookers especially 
during the Muslim Holy Month of Ramadan, when 
most meals are prepared or heated at night.  

3.3 Technical Factors

• Level of performance: Given the country’s 
favorable location, climate and solar radiation 
intensity, it is expected that solar cookers in 
Lebanon will have a relatively high performance 
ratio. However, the performance of a specific solar 

cooker will largely depend on its added features and 
cost. Consequently, it is important to ensure that, 
for a given level of complexity and price, the highest 
possible performance level is attained. Finally, the 
performance of these devices should guarantee the 
ability to achieve the required tasks.   
• Ease of use: This feature is crucial in order 
to facilitate the training procedures, thus allowing a 
greater number of people to use solar cookers.  
• Safety: Solar cookers reflect sunlight to one 
focal point. This can be especially dangerous for 
children. Thus, it is crucial to ensure the safety of 
these devices.
• Sensitivity to reparation: Solar cookers must 
be durable and should require a low maintenance 
level.
• Able to be built with local resources: A 
local construction of solar cookers can lead to job 
creation, lower prices and better maintenance. Thus, 
it is important to encourage the Lebanese industrial 
sector to get involved in the solar cooking market.

3.4 Social Factors

• Motivation: Although solar cooking offers 
economic, environmental and health benefits, a 
particular user may not be equally interested in all 
three advantages. For instance, some refugees may 
be more interested in the economic and safety benefits 
of solar cooking, rather than the environmental ones. 
Conversely, a number of wealthy families may not be 
interested in the economic benefits of solar cooking, 
as much as the environmental ones. Understanding 
this distinction of motives, coupled with the wide price 
range of solar cookers, should render these devices 
an interesting equipment for people from different 
socio-economic backgrounds.
• Use of solar cookers by its disseminators: 
A successful diffusion of solar cookers cannot be 
achieved if these devices are solely promoted in 
the economically disadvantaged communities. It is 
critical that the promoters of solar cooking use the 
technology themselves, and include other more 
advantaged people in their efforts towards diffusion.
• Existing power and gender relations: Similar 
to other Middle Eastern countries, many households 
in Lebanon dedicate food preparation to women 
and financial decisions to men. For this reason, 
a successful promotion of solar cookers must 
understand the needs of both genders and address 
their different motives.   
• Supplier characteristics: Future solar cookers 
providers in Lebanon must build a trust relationship 
with their customers. This can be achieved by 



Page12

providing an adequate training, good product 
performance and after sale support.

3.5 Economic Factors

Lebanon is classified among the upper middle income 
countries. However, the prices of solar cookers 
should be carefully considered in order to ensure the 
accessibility of this technology to all Lebanese and 
non-Lebanese residents, irrespective of their socio-
economic backgrounds. 

3.6 Political Factors

• The role of renewable energy policies: An 
appropriate governmental support for solar cooking 
can significantly enhance its propagation among 
Lebanese and non-Lebanese residents. Adequate 
financing schemes can assist underprivileged families 
in purchasing their own devices. Tax exemptions 
on the manufacturers of solar cookers can lead to 
job creation, lower prices, better maintenance, in 
addition to avoiding business monopoly. Moreover, 
organizing the convenient demonstration and 
information campaigns can encourage the use of this 
technology. 

It can be expected that, no particular factor of the six 
mentioned above can lead to an immediate rejection 
of solar cookers in Lebanon. 

4. Conclusion

Given the country’s relative abundance of solar 
radiation, it is expected that these devices can prove 
to be a potent, safe, inexpensive and environmentally 
friendly backup to LPG stoves. Moreover, it was 
calculated that if only 5% of the Lebanese population 
switches to solar cooking, LPG imports can be 
decreased by approximately 9 million USD and direct 
GHG emissions can be curbed by 0.114%. 

Given that solar cookers are fireless devices, it 
was shown that an effective implementation of this 
technology can substantially reduce the risk of indoor 
and outdoor cooking fires, thus alleviating their 
devastating effects on our environment, forests and 
safety. Additionally, it is expected that solar cooking 
can enhance the energy security of rural communities 
and Syrian refugees, especially when LPG deliveries 
to distant areas are not possible. Finally, these 
devices can tackle various other problems, such as 
water contamination, competition on biomass and 
fossil fuels, deforestation and indoor/outdoor air 
pollution. 

On a final note, although this study presented the 
expected effects of environmental, cultural, technical, 
social, economic and political factors on the diffusion 
of solar cookers in Lebanon, it was concluded that a 
more thorough understanding of these determining 
factors, coupled with an effective use of the versatility 
of solar cookers, in terms of complexity and price, 
can lead to a successful and wide diffusion of this 
technology in the country. 
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