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Abstract 
 
We present a cooking technology consisting of a solar panel directly connected to an electric 

heater inside of a well-insulated chamber. Assuming continued decrease in solar panel prices, we 
anticipate that in a few decades Solar Electric Cooking (SEC) technologies will be the most common 
cooking technology for the poor. Appropriate use of insulation reduces the power demand making low-
power Insulated Solar Electric Cooking (ISEC) systems already cost competitive. For the purpose of this 
senior project, I will be present an overview of the technology, summary of design 
experiments/considerations, and next steps for the continued development and implementation of this 
technology. 

 
Background 

 
The World Health Organization estimates that three billion people cook with biomass and coal 

causing 4 million deaths per year from breathing the associated emissions (WHO, 2016). Besides the 
dangers of indoor air pollution (Lim, 2013; Subramanian, 2014), cooking over open fires also results in 
deforestation, and climate change emissions of CO2 and soot (MacCarty et al., 2008). The negative effects 
of current cooking methods can be reduced but not eliminated by the use of fuel- efficient stoves (Wilson 
et al., 2016; Smith, 2011; Lambe et al., 2015). While solar cookers eliminate health and environmental 
impact, they are often not readily adopted for reasons including inconvenience, dissimilarity to traditional 
cooking methods, and lack of power. Natural gas cooking alleviates the health concerns of indoor air 
pollution (Smith and Dutta, 2011), but remains a costly option. Electrical cooking eliminates health 
concerns, although the environmental impact will depend on the method of electricity generation. 
Additionally, typical electrical cooking technologies require grid connection or some other powerful 
electrical supply that in many places is prohibitively expensive, unreliable, or nonexistent.  
As the cost of photovoltaic (PV) solar panels continues to decrease, Solar Electric Cooking (SEC) will 
become increasingly cost competitive. We are developing Insulated Solar Electric Cookers (ISEC) in 
order to reduce required power and the associated costs while adapting and accommodating the 
technology to different community cooking practices. The goal is to develop the appropriate cooking 
technology by the time the price of solar panels is low enough to make ISEC the best cooking option. We 
believe that for some places, or with the correct financing strategy, that day has already arrived.  
The price of solar panels has decreased by about a factor of 200 over the last 40 years, corresponding to a 
1⁄2 price cut every 5 years (Swanson, 2006). At well below $1/W, residential solar panels deliver 
electricity less expensively than most 
conventional generation technologies. 
Accordingly, we purchased a 120 W 
polycrystalline silicon panel in Uganda in July 
2016 for $100.  

 
It’s well known that one can cook on an 

electric range powered by solar panels, but the 
1000 Watts of required power, corresponds to 
about $800 today just for the panels. Limiting 
power to 100 W reduces the cost, but is 
insufficient to cook food by means of a stove top. 
However, if no heat is lost to the environment, 
100 W brings one liter of water from 20 °C to 
boiling in 55 min. Thus, by insulating the cooker 
we can reduce heat losses enough to slow-cook 
between 4 kg and 8 kg of food over the course of 

Figure 1- Cal Poly Student Research Group with first Ugandan 
recipient of ISEC on the day of implementation,  Summer 2016 
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the day. At a caloric density of about 1000 Calories/kg for rice and beans, this would be enough food for 
5–10 people.  

 
We have tested ISEC within the intended cooking environment during a research trip to Uganda 

during the Summer of 2016. During this trip our group was able to witness and experience the polluted 
cooking environment created through open fire, biomass cookstoves. After two ISEC implementations, 
we received feedback from our users which we are continuing to incorporate into the progressive design 
iterations of ISEC. Specifically, the scope of this paper pertains to the technical and manufacturing 
specifics of the electric heating element that is used within the ISEC stove.  

 
ISEC Design 

 
Simply put: ISEC = Solar Panel + Electric Heater + Insulation. We propose a low wattage solar 

panel directly connected to a heater inside of a well-insulated chamber such that the heat lost to the 
environment is small compared to that 
retained in either the food or some thermal 
storage medium. These design parameters 
leave specific implementations to be locally 
designed to suit local foods, cooking style, 
cooking architecture, and availability of 
resources using a range of enclosures and 
insulations.  
 

Iterative Design 
 

ISEC has phased through various 
design iterations. Each iteration provided 
insight for a design improvement that could 
be made in order to increase the cooking 
capacity. The first ISEC design was 
comprised of a 55-gallon plastic drum, pink 
insulation, and an inner cooking chamber 
(with an electric heating element attached) 
as illustrated in Figure 2.  
   

In an effort to utilize readily available and more cost effective materials, the next ISEC iteration 
was made from concrete, earth, and hay. A hole was dug into the ground and filled with hay. The inner 
cook chamber was excavated and cemented in to provide a place for the stove top heating element and 
cooking pot to go, as shown in Figure 3. In this iteration, a stove top style heating element was made 
from concrete and Nichol Chromium wire (resistive filament) for which the cooking pot would be placed 
on top of to heat the food.  

Figure 2- Plastic drum prototype. Some insulation has been removed to 
expose the inner cooking chamber. 
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Figure 3. An insulated Solar Electric Cooker (ISEC) is made from earth with straw insulation (left). A concrete inner chamber 
separates the insulation from the heater (right). 

This design iteration inspired 
and gave way to the ISEC design that 
was implemented in Uganda. Upon 
arriving in Uganda, our group thought 
that we would utilize a design similar to 
the one shown in Figure 3 which would 
require digging a hole into the ground 
and utilizing a combination of hay, 
concrete, and earth to insulate the stove. 
However, upon arrival and discussion 
with the end-users, we realized that this 
design was not conducive to the cultural 
cooking norms. Therefore, we utilized 
locally available materials to meet the 
fundamental needs of ISEC. As shown in 
Figure 4, our team used a reed mat as 
the outer structure for ISEC which held 
the system together. We then filled the 
inner cylinder with rice hulls for 
insulation. As pictured, the cement heating element that we made is held within an aluminum pot. The 
stainless steel pot for which food is cooked in fits inside the larger pot, atop the cement heating element. 
A metal lid and a rice hull sack cover the cooking pot to prevent heat from escaping the system.  

 
The next ISEC design utilizes an immersion-heater style for the heating element. This is intended 

to increase the heating capability of ISEC as well as make it more safe for the end user. The immersion 
heater directly contacts and heats the food that it is cooking which will reduce heat loss from the original 
stove top design. Furthermore, the Nichol Chromium (Nichrome) wire can reach temperature upwards of 
600 Co which causes a fire hazard when exposed to other materials. By surrounding the heating element 
with a water-based solution (such as a stew) the temperature is more regulated and the heating element 
itself poses less of a threat within the cooking environment. The immersion heater ISEC design is 
illustrated in Figure 5. 

Figure 4-Photo of ISEC built in Uganda. A reed mat was used as the 
outer structure. The heater rests inside of a lager pot as shown. A smaller 
pot holding the food rests on top of the heater. A rice hull sack is then 
placed on top for full insulation. 
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Figure 5- An insulated pot with immersion heater. The insulation above the pot is not shown in the figures.  

 The most recent ISEC iteration is a hybrid between designs 2, 3, and 4. We wanted to use cob and 
earth as the structural element, rice hulls as the insulation, and the immersion heater as the heating 
element for the most efficient and material-appropriate ISEC. Figure 6 shows ISEC with a cob outer 
structure that holds the rice hulls, an inner cook pot at the center of the rice hulls and a rice-hull covering 
for the pot. This most recent iteration hybridizes the magic basket design idea and an immersion heater 
type stove. The magic basket design is a type of retained-heat cooking which has already been adopted in 
many developing countries. The magic basket doesn’t differ greatly from our other iteration aside from 
the cloth covering of the rice hulls preventing rice hulls from entering the cooking pot. We fit a pipe over 
the wires that connect the heating element to the solar panel which also acts as an exhaust pipe for steam 
generated in the cooking process.  The rice hull insulated covering is fit for ISEC specifically so it 
prevents heat loss better than a general rice hull sack would.  
 

	
Figure 6- The outer cob structure contains rice hulls which are covered by pink cloth (right). The pot lays on top of the pink 
cloth, within the rice hulls. A rice hull lid has been sewn and used to cover the pot with a hole for the tubing that allows the 

heating element to be wired directly to the solar panel. 

Insulation 
 

In an effort to design this technology in an environmentally and socially adaptive way, the 
insulation needed for this technology may differ depending on country access/availability. For example, 
in Uganda, rice hulls are nearly free and so it provides an economically feasible source of insulation for 
the building of ISEC in Uganda. Depending on region, specific material used for insulation may change, 
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however rice hulls and straw are economically accessible and abundant in many developing world 
countries where ISEC is a relevant technology. 
 

Solar Panel 
 

The solar panel used for ISEC is purposefully low wattage (~100W) to allow for a low total unit 
cost. As stated previously, the cost of photovoltaics has demonstrated a steady decrease over the past few 
decades. This trend will likely continue into the future allowing for a higher power solar electric 
cookstove. Currently, the available cost of photovoltaics is on the order of 70 cents per Watt which means 
that a 100 W solar panel (~70$) is close to the maximum price point for which ISEC is economically 
viable for developing markets.  

 
During our research trip to Uganda, our team found that solar panels were abundant in local 

markets. The market for PV solar panels is more visible in developing countries than some developed 
countries due to leapfrogging of electrical grid access. This demonstrates another case for solar electric 
cooking to be quickly adapted as a more healthful way to cook food in developing countries due to the 
growing market for Photovoltaics.  

 
Structural components 

Our ISEC design has phased through various structural housings for the system as documented in 
Figures 2, 3, 4, 5. This highlights another point that ISEC’s design emphasizes flexibility and has the 
potential to work in varying environments. Perhaps, the most relevant design for the outer structure of 
ISEC utilizes the earth building material of cob. Traditionally cob is a mixture of sand, hay, mud, and 
water to create a strong cement-like building material. We have experimented with using cob as the outer 
structure of ISEC to hold the insulation and cooking system within. Due to the availability of cob in 
diverse environments, the low cost, and environmental benefit of cob, we will pursue the use of this 
design, demonstrated in Figure 6, during future implementations. 
 

Heating Element 
 

The heating element is a core component of ISEC that converts the electric energy captured by 
the solar panel into heat energy. Similar to a commercial stove-top electric heating element, our design for 
the heating element utilizes Nichol Chromium (Nichrome) wire which is a highly resistive filament. 
However, our exact specifications for 
manufacturing the heating element differ 
from commercially available ones due to 
the low power output of our 100W solar 
panel. The specific optimal resistance of 
the heating element is dependent upon the 
solar panel specifications and daily sunlight 
exposure fluctuations. As illustrated in 
Figure 7, different sunlight exposures 
throughout the day result in varying 
currents produced by the solar panel which 
affect the optimal resistance. At solar noon 
the current is also at its peak which 
corresponds to a lower optimal resistance. 
At low light times such as 8AM or 4 PM, 
the current is lower which corresponds to a 
higher optimal resistance. To account for 
the varying optimal resistances, we have 

Figure 7 - Standard solar panel power curve. The operating points for each 
curve at its optimized resistance are indicated with black open circles while 
the operating points of each curve at a single chosen resistance are highlighted 
by red dots. 
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decided to choose a resistance between the two but closer to the optimal resistance for noon. As shown in 
the Figure 7, the total power (area under the curve) is maximized at a point just below solar noon.  
More specifically, our solar panel had specifications of 100 W with a working voltage of 18.0 V and 
working current of 5.56 A.  Therefore, using the equation V=IR, the optimal resistance for peak solar 
output is 3.24 Ω. Taking into account the other times of day and the respective sunlight exposure, an 
optimal resistance for ISEC is slightly greater than 3.24 Ω. 
 
 The most notable design difference between early ISEC iterations and current ISEC iterations is 
the design of the heating element. As noted previously, we have changed the heating element from being 
a stove top to being an immersion heater. The new design of the immersion heater works well but it poses 
the question of how we will manufacture this component in Uganda. I have preformed various design 
experiments to test the effective and repeatable production of this component which are outlined in the 
Heating Element Testing section of this paper. 

 
Cooking with ISEC 

 
Figure 8 displays the temperature of about 2.7 kg of a stew (meat, beans, and vegetables) brought 

to a boil and allowed to cool. The food was cooked with the immersion heater ISEC (Figure 5).We can 
find the absorbed energy by using the specific heat equation, En = mC∆T where En is the energy, and ∆T 
is the temperature increase. Taking the slope of the cooling curve (red line) at 90 °C yields a temperature 
loss rate of 6.67 °C/h or 0.00185 °C/s, corresponding to thermal loss rate of 20.7 W, if we estimate the 
specific heat of the stew to be that of water (liquid). Similarly, the 19.2 °C/h or 0.0053 °C/s of thermal 
gain at 90 °C corresponds to 59.6 W of net power, for a total power input of 80.3 W. This corresponds to 
a thermal heating efficiency of 74% (for 90 °C at 80.3 W input power) and is consistent with our readings 
of the solar panel output (Watkins, T., et al., 2017). 
 

	

Figure 8- Temperature of 2.7 kg of stew in immersion heater ISEC similar to that in Fig. 5. The heater was turned off at 260 min 
represented by the red data point. Data after this point shows the cooling of the system. 

Peter Schwartz has also conducted ongoing experimentation with ISEC at his home. He used a 
cooler and blankets for insulation, a 100W solar panel, and immersion style heating elements as shown in 
Figure 9. Dr. Schwartz used industrially available heating elements run in parallel to obtain a circuit 
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resistance close to 3	Ω.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The data from his at-home experiment is shown in Figure 10. This specific cooking data was 
captured from bring 4kg of water to a boil with ISEC and then allowing to cool. Four thermocouples were 
used to gather data for outside, heater bottom, heater top, and water temperatures. We can estimate power 
by the rate of change of temperature. At 90 °C, the temperature goes up at about 10 °C/ hr, and without 
power, decreases at 3.5 C/hr. This corresponds to 46.7 W absorbed heat, and 16.3 W heat loss rate, 
resulting in a total of 63 W, so at this temperature, it’s possible that the sunlight was no longer optimized. 
The heating efficiency then at 90 °C with 63 W was about 74%.  

	

Figure 10 - Data captured from Peter Schwartz cooking experiment with ISEC at home. The heating efficiency from this cooking 
experiment is 74%. 

	 Dr. Schwartz has continued to cook with his ISEC at home and test different cooking methods 
and capacities of the stove. He recently cooked a chicken with ISEC. The before and after photos of the 
uncooked versus cooked (with ISEC) chicken are shown in Figure 11. 

Figure 9- Peter Schwartz at-home ISEC (left). The heating element was made by purchasing 
industrially available immersion heaters and running them in parallel to reach a desired resistance 
close to 3	Ω (right). 
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Figure 11 - Dr. Schwartz at home cooking experiment with ISEC to cook chicken. The raw chicken before cooking is pictured 

on the left. The cooked chicken after ISEC is shown on the right. 

Heating Element Testing 
 

Magnesium Oxide 
 

As previously stated, our group is keen on finding a cost-effective and scalable way to 
manufacture ISEC’s heating element with the appropriate specifications. Our team has explored different 
heating element manufacturing techniques with the objective of finding the best method. To start, we 
attempted to manufacture the heating element similarly to how they are made on an industrial scale. This 
required the use of: 

• 1/4in aluminum pipe – 3ft 
• Magnesium Oxide 
• 26 gauge Nichol Chromium wire – 17in 
• 18 gauge Copper wire – 3 ft 

We made our own tamping device that included a metal 
rode attached to a spherical plastic end piece. We designed 
the end piece to fill the inner diameter of the tube while 
keeping the Nichrome wire centered to prevent electrically 
shorting when coming into contact with the aluminum tube. 
We also created a channel so that magnesium oxide could 
pass through the piece and then be compacted through the 
tamping force as shown in Figure 12. Ultimately, this 
design failed. The magnesium oxide proved to be too fine 
to be compacted fully.  
 After discussing with a manufacturer of the 
industrially available electric heating elements, we 
discovered that it requires equipment with the capability of 
drawing the metal tube filled with MgO to decrease the 
diameter of the tube and compress the MgO. This process 
exceeds our manufacturing capabilities in Uganda. 
Therefore, we explored other alternatives that are more 
realistic to our technological and material access in Uganda. 

Figure 12- Electric heating element made with magnesium 
oxide. Picture above is the tube with our tamping device 
inside and the magnesium oxide being funneled into the 
tube. 
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Fiberglass Sheath 
 

The next area we explored was the use of woven fiberglass sheathing. Woven fiberglass exhibits 
the properties of high tensile strength, high heat resistance, fire resistance, and thermal conductivity 
(Woven Fiberglass). Twenty-five feet of woven fiberglass can be purchased for under $20. Therefore, 
woven fiberglass is an economically feasible alternative to the magnesium oxide filled-tubes from before. 
Furthermore, fiberglass is more 
malleable and workable since we are 
able to simply slip the fiberglass sheath 
over the copper and Nichrome wire 
leads. Due to its high heat/fire 
resistance, it is able to act as a barrier 
between the Nichrome wire and 
aluminum tubing to prevent shorting or 
other safety hazards. Subsequently, I 
have preformed various tests on the 
fiberglass to see how it endures 
exposure to the high heat output of 
Nichrome wire.  

 
 To begin testing, my initial 
experiment measured the temperature 
of the Nichrome wire with 
incrementally increasing amperage 
running through the circuit. The 
independent variable in this experiment 
was the temperature of air-exposed Nichrome as illustrated in the left of Figure 13. The dependent 
variable was the temperature of the Nichrome wire insulated with woven fiberglass. I used thermocouples 
to measure the temperature within these two locations on the wire.  

Figure	13-	Testing	the	heat	resistance	and	durability	of	woven	fiberglass 
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Figure	14-	Data	from	the	experiment	testing	the	temperature	of	Nichrome	wire	when	insulated	by	woven	fiberglass.	

 After preforming the experiment, I captured the data illustrated in Figure 14. The data suggests 
that the woven fiberglass increases the temperature of the Nichrome wire when compared to bare 
Nichrome wire. During the experiment I made the following observations (listed in Figure 15) pertaining 
to the durability of woven fiberglass when exposed to high temperatures: 
 

	
Figure	15-	Observations	from	experiment	testing	the	temperature	of	Nichrome	wire	when	insulated	by	woven	fiberglass	(left).	
State	of	the	woven	fiberglass	after	the	temperature	of	the	insulated	Nichrome	wire	exceeded	864	C°	at	6	A	of	supplied	current	

(right).	

As depicted in Figure 15, the fiberglass underwent visible changes when exposed to the high 
temperatures that the Nichrome wire reached with increasing current. Specifically, the transparent parts 
on the woven fiberglass indicated areas where the Nichrome wire melted the glass. These transparent 
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areas contained small holes. This poses a potential hazard for ongoing usage of ISEC to melt the 
fiberglass sheath all together. The typical optimum operating current for 100W-120W solar panels is 
between 5-6 A. The temperature of the Nichrome wire insulated by woven fiberglass has the potential to 
get up to 864 C° during use for cooking. The standard temperature rating for available woven fiberglass is 
540 C°- 600 C°. Since 6A of current running through ISEC’s circuit results in a Nichrome wire 
temperature that exceeds the safety rating for woven fiberglass, I was forced to consider other ways in 
which the Nichrome wire could be electrically insulated from the aluminum tube walls. 
 
 This gave rise to the final experiment that I preformed to test the temperature of the fiberglass 
woven –insulated Nichrome wire when submerged in water. This simulates the realistic cooking 
conditions for ISEC since the immersion heating element will be used within a fluid to cook in a boil-and-
simmer manner. I hypothesized that the water would act a buffer to prevent the Nichrome wire from 
heating to the high levels that were reached when in air.  
 
 I designed the experiment to emulate the experiment testing the Nichrome wire in air. I similarly 
connected a thermocouple to the Nichrome wire in a spot that was insulated with woven fiberglass. I 
inserted the fiberglass insulated wire into an aluminum tube. I then bent the tube so that the Nichrome 
wire could rest in a container of 22 °C water.  
   

	
Figure	16-	Data	from	the	experiment	testing	the	temperature	of	Nichrome	wire	when	insulated	by	woven	fiberglass	and	
submerged	in	water	at	22	°C.	

Figure 16 illustrates the data from the experiment. The recorded temperature of the insulated 
Nichrome wire with 6 A of supplied current was 634 °C. This is similar to the recorded temperature of the 
air- exposed Nichrome wire from Figure 14. In fact, the temperature data from the fiberglass insulated 
Nichrome wire submerged in water and the air-exposed Nichrome wire follow a very similar trend. The 
highest temperatures of the three samples was from the insulated Nichrome wire suspended in air. 
Therefore, my initial hypothesis that the water solution surrounding the fiberglass insulated Nichrome 
wire would result in a lower temperature than in air was correct. 	
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Figure	17	–	The	woven	fiberglass	sheath	after	exposure	to	temperatures	exceeding	600	°C.	Discoloration	is	consistent	
throughout	the	sheath	(left)	and	melting	is	observed	for	the	portion	of	the	tube	that	was	exposed	to	air	(right).	

 
 Figure 17 shows the state of the woven fiberglass after enduring temperatures up to 634 °C. The 
woven fiberglass exhibited consistent discoloration (pictured left). For the parts of the tube that were out 
of water and exposed to air, the fiberglass exhibited melting (pictured right). This highlights an interested 
finding; the fiberglass remained intact when submerged under water but when the same wire was exposed 
to air, it melted the fiberglass insulation.  
 

In conclusion, woven fiberglass is not the best insulation option for ISEC’s immersion heating 
element. Though it can withstand temperatures around 600 °C, it poses a risk of melting the insulation all 
together if the heating element is not surrounded by a liquid solution. For example, if the electric heating 
element begins in a water and rice solution but the water is boiled and evaporated out of the pot, then the 
heating element temperature would not be regulated by the temperature of the water any longer and would 
pose a risk for electrically shorting or safety hazards.  

 
Collaborative Dissemination 

 
 A crucial component of the long term success of ISEC is the collaborative implementation plan 
that we have developed. Specifically, we have strategically chosen to partner with two Ugandan 
organizations: Aid Africa and Beacon of Hope.  
 

Aid Africa is a local non-profit with 10+ years experience in water sanitation, tree planting, and 
improved cookstove dissemination in Northern Uganda. We have built a relationship with Aid Africa 
which has allowed our team of Cal Poly faculty and staff to gain valuable insight into Ugandan market 
capabilities. Aid Africa is the organization that facilitated our research trip to Uganda during the Summer 
of 2016. For the future, we plan to continue working with Aid Africa to develop a partnership in which 
they are able to assist our team in finding eligible communities that are interested in piloting ISEC. After 
initial implementation, the Aid Africa staff will also periodically check on the status and usage of ISEC to 
give us data on the adoption rate of our technology.  

 
 Beacon of Hope is a is a boarding school run by Pilgrim Africa to serve “Uganda’s most 
vulnerable youth” with 720 students and 55 staff, is strongly motivated to become a center for innovative 
cooking technologies and rural electrification. BOH supports project planning with email 
communications several times per week with Chris Musasizi , an instructor at BOH who advises the 
cooking technology club. We have recently established a club of students and faculty at BOH that are 
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interested in developing ISEC and rural electrification. We will work with this club to design and install a 
single ISEC capable of heating 250 kg of beans as well several other technologies including improved 
combustion cookstoves, scavenging of exhaust heat, covered solar ponds to preheat water, RHC, and 
insulated grid electric cooking. In subsequent years, Cal Poly and the BOH club will continue to 
collaboratively develop these technologies. BOH presently spends $600 per month on firewood. Part of 
the money saved by reduction in firewood consumption will instead support expansion of ISEC cooking 
at BOH and promote student outreach to their villages. We will measure success by reduction in BOH 
fuel use in the first month after our visit as well as subsequent increase in ISEC capacity in the BOH 
kitchen. We will additionally follow and support the BOH student experience with respect to club 
participation, dissemination of ISEC in their villages, and their emerging employment opportunities for 
them.  
 
 The importance of our collaboration with these two Ugandan organizations is echoed in Robin 
Schwartz’s article, “Clearing the Air: An Improved Cookstove Intervention In Rural India.” Schwartz 
cites an article that asserts, “an intervention that includes instruction on use and maintenance of reduced 
pollution stoves, as well as addresses motivations for behavioral change, has a better chance of adoption 
and reduced pollution in actual use.” (Schwartz). The educational importance of technology intervention 
is emphasized by another one of Schwartz’s sources that found “although women and children were the 
ones most affected by poor indoor air quality from using a traditional stove, women were not educated on 
the impacts of air pollution or involved in decisions about whether or not to use stoves that are less 
polluting. Because the adoption rate of these improved stoves tends to be low, the study suggests that 
government and organizations work together to increase awareness, support, and motivation for using the 
new stoves.” Hence much of our team efforts have gone to supporting and continuing our communication 
with our partner organizations. We have created an implementation in which Beacon of Hope will have a 
group of students dedicated to devising educational lessons for new ISEC users pertaining to the technical 
maintenance of the stoves and health benefits associated with using ISEC over a traditional biomass 
stove. Aid Africa will conduct the post-implementation checkups. 
 

Future Considerations 
 

 While we have a well-devised plan for implementing ISEC during Summer 2018, we still have a 
few items that we hope to consider for the future of ISEC.  
 
 One area that ISEC end-users have expressed interest in is the future capability of ISEC to divert 
energy toward charging other devices when it is not being used for cooking. This added feature would not 
require too much of a re-design or cost aside from adding a switching mechanism and USB port for 
charging other devices. After our planned implementation in Summer 2018, we will spend more time to 
address his addition to ISEC. 
 
 During our team’s ISEC implementation during Summer 2016, we received the following 
message from Aid Africa’s President, Peter Keller, after a follow-up visit: 

“Then, there's was enough daytime left to heat water for bathing. Don't underestimate the 
significance of that. They would never waste precious firewood on an extravagance like 
bathing water. We all like our hot baths; they do, too. One note: the water was too hot and 
they had to dilute it. You've made a significant improvement in their lives.” 

The ISEC users found a purpose for ISEC that we did not originally intend for. Of course, our team 
celebrated the insight that hot bathing water is a need. We began ideating ways in which we could provide 
hot bathing water using less-expensive technology. Utilizing solar energy to heat water for food is 
appropriate since food must be cooked at higher temperatures, however bathing water only needs to get to 
a temperature of roughly 50 °C. Therefore, we explored the possibility of heating water with direct 
sunlight.  
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Figure 18- Pool-style solar water heater that heat water up to 60 °C 

  We built the solar water heater shown in Figure 18 by digging a pool in the ground that was 
roughly 2.5’ wide by 8’ long by 0.5’ deep. We filled the earth pool with hay insulation and lined the 
inside with black plastic. We then filled with the pool with 10 cm deep of water and covered the top with 
clear plastic. The pool heater works by the black plastic underlining absorbing heat from the sun. The 
insulation and clear plastic on top of the water work to insulate and trap the absorbed heat so that the 
maximum amount of heat goes toward heating the water and is not lost to reflection or conduction. A 
crucial design component of the pool is the large surface area and shallow depth of the pool. This helps to 
maximize the area that is actively absorbing heat from the sun.  
 
 We were able to reach a recorded temperature of 60 °C for the pool heater shown in Figure 18. 
This method provides a cost effective way to heat water for bathing. We will demonstrate this method to 
our ISEC users while we implement ISEC during our planned Summer 2018 trip with the hope that it is 
adopted as an affordable and simple means for heating bath water.  
  
 Another area to research for ISEC improvement in the future pertains to the capacity of the 
electric heating element. In the future, we hope to test a double-filament electric heating element. The 
double filament heater would allow for 4 separate resistances to be selected depending on the time of day 
and sun exposure. The highest resistance would be chosen by running the two filaments in series. The 
lowest resistance would be selected by running the two filaments in parallel. Then each individual 
resistance could be selected by attaching the solar panel to one of the two filaments. This would allow for 
a more modifiable heating element that could output the maximum amount of heat resistance based on the 
varying available currents as the sun moves throughout the day. 
  
 Regarding the electric heating element, we currently have an acceptable way to manufacture them 
using woven fiberglass. However for the future, our team should experiment with more effective ways to 
manufacture the heating element that would eliminate the risk of high heat exposure affecting the 
effectiveness and durability of the heating element. As it stands, the fiberglass works but may not hold up 
in high temperature exposure over 600 °C or extended usage. Other Nichrome-wire insulation materials 
should be explored. A potential solution could be a mixture of cement and magnesium oxide that would 
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solve the issue of magnesium oxide being too fine to work with while still offering the high heat 
resistance that magnesium oxide provides.  
 

Conclusions / Outlook 
 

 Given the continued decrease of Photovoltaic cost, the probability that solar electric cooking will 
be a feasible method of cooking within the developing world is increasing each day. The work of our 
team and the aim of this paper seek to design a technology and devise a holistic implementation plan that 
offers solar electric cooking to the developing world in an economically feasible way today. Figure 19 
outlines a SWOT analysis for ISEC.  
 

Strengths 
• Low power utilization  
• Partnerships with Aid Africa and Beacon of 

Hope 

Weaknesses 
• Electric heating element manufacturing 
• Long term funding for ISEC 

Opportunities 
• Double filament heater 
• Decreasing cost of Photovoltaics 
• Large demonstrated need and increasing 

awareness for alternative forms of cooking 
in the developing world 

 

Threats 
• Slow adoption rate of new technologies 
• Technological intervention regarding 

cultural pillar of cooking/food 

Figure 19- A SWOT analysis shows the current strengths, weaknesses, opportunities, and threats for ISEC. 
 
As shown in the table above, ISEC has more strengths and opportunities as a technology than it has 
weaknesses or threats. In the end, one of the greatest challenges for ISEC may be in relation to the 
typically slow or low adoption rate of new technologies. There are number of reasons why a technology 
may or may not be adopted within a culture. Specifically, cooking food is one of the most innate and 
basic foundations of any culture. Cultural customs surrounding food and food preparation are difficult to 
change. As touched upon in Robin Schwartz’s article, “although participants tend to be enthusiastic about 
participating in improved cookstove interventions, they usually revert to using traditional cookstoves over 
time.” Our team understands that this is potentially the largest threat of our technology’s wide scale 
adoption. For this reason, we have spent a great deal of time and energy ensuring that we have a 
relationship with organizations in Uganda that will be able to help us in developing, administering, and 
following up on ISEC during our planned ISEC pilot program in Uganda. Depending on the success of 
ISEC within Uganda, we will look to expand to other countries where indoor cooking pollution is the 
primary form of household cooking.  
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