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Abstract  

It is common knowledge that the world faces a severe lack of clean water, and solar distillation could be 

an environmentally friendly solution to this issue. The procedure mimics the natural water cycle and uses 

a clear box with a sloped ceiling. Dirty water evaporates from a basin and condenses on the slope, leaving 

everything but water molecules behind. It then drips down into a separate container. However, the 

distillation process is slow and produces much less water than common methods that use electricity or 

unsustainable power. Although scientists have altered solar distillers to increase productivity, they have 

remained relatively inefficient. In this study, a comparison was made between an unaltered solar distiller 

and an altered one. Two prototypes were constructed using metal broom poles and duct tape. A thin 

plastic sheet was then sealed around them both and an aluminum can was placed inside one distiller. The 

other was left empty. The two prototypes were filled with water and analyzed with efficiency and price in 

mind. Tests were run five times in total on five separate days. Both distillers were kept under the same 

testing conditions with the can being the only alteration. Upon analyzing results, the modified distiller 

showed no evidence of improvement upon the unmodified one, in fact, the unmodified distiller was 

cheaper as well as more efficient. The can may have blocked light and therefore heat in the distiller and 

decreased productivity. This research on the topic could further knowledge about sustainable water 

purification methods for use on a larger scale or in poorer communities with limited access to clean water.   
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Question, variables 

How does a self-rotating aluminum can put inside a solar distiller affect its efficiency in evaporation 
and water collection? 

How does a self-rotating aluminum can put inside a solar distiller affect its price in terms of 
efficiency? 

Independent variable:  

• Whether the distiller has the can inside or not, aka prototype modification 

Dependent variables:  



• Evaporation + collection (efficiency)  
• Price / efficiency 

 

Rationale  

Introduction 

One in nine people do not have access to clean water, almost a million die each year from water-related 

disease, and every two minutes a child dies for the same reason (water.org). “Universal access to basic 

water and sanitation would result in $18.5 billion in economic benefits each year from avoided deaths 

alone” (water.org). 3.6 billion people currently live in areas that lack water for at least one month per 

year. By 2050, it will be 5.7 billion (Boretti, Rosa). Additionally, a common water source, groundwater 

extraction, will not be feasible much longer. (Boretti, Rosa) “At about 4,600³ km per year, current global 

[groundwater] withdrawals are already near maximum sustainable level” (Boretti, Rosa). 

“[Solar distillation] is the most simple and cheap solar-driven device which can be utilized to convert 

saline water into potable water” (Khechekhouche et al.). The process of solar distillation mimics the 

natural water cycle, where water evaporates and condensates, leaving all but distilled water behind 

(Khechekhouche et al.). In a performance evaluation of a conventional solar still (Khechekhouche et al.), 

dirty water was heated in a basin by solar radiation through its glass roof. It then evaporated and 

condensed on the inner surface of the glass cover and trickled down the sloped surface into a container 

separate from the original basin (Khechekhouche et al.). This system on average produced about 176.8 

ml/day of distilled water which was also safe for human consumption (Khechekhouche et al.). “This 

device can be a viable alternative for water disinfection for human consumption from sources without any 

purification treatment” (Khechekhouche et al.). 

An alternate prototype that increases productivity is a distillation system integrated with a rotating 

cylinder and solar water heater (Alwan et al.). In a study by Alwan et al., a slowly rotating cylinder was 

placed inside the distiller which was attached to a solar panel. The cylinder allowed for quicker 

evaporation; the solar panel’s energy heated the water and also sped up the evaporation process (Alwan et 

al.). The average yield of this prototype was a 332% increase from the yield of a conventional distiller and 

its price per liter was less by $0.0014 (Alwan et al.). The article stated that “the distillate water produced 

by the [modified solar still] and [conventional solar still] has given the best results to all TDS, pH, and 

electrical conductivity tests according to local and international standards,” so it is also safe. However, the 

only data for this experiment is on the price and yield of the cylinder and heater combined, so without 

conducting the experiment it is impossible to tell which of these modifications has a greater effect on the 

output of distilled water.  

Water is a limited resource, and we need an environmentally friendly water accessibility solution. 

(Boretti, Rosa) Climate change is leading to drought and unpredictable water events such as drought and 

flooding (Gray, Merzdorf). A solar distillation system may be a feasible solution at least on a small scale, 

but not enough information is present to tell which distiller exactly will be best in terms of productivity 

and price. Missing information includes the solar heated and cylinder distiller separate and the assembly 

price of Khechekhouche’s original distiller. In order to obtain this missing information, all distillers must 

be built and tested. However, the distiller with a rotating cylinder can be modified to allow an increase in 

productivity without the use of electricity. 



Though it is not perfect, a solar distillation system is an environmentally friendly way to get clean water. 

The distillers can allow any water, even salt water, to be safely filtered (Alwan et al.). Additionally, this 

system could potentially be scaled up for mass water production. The non-expensive, non-electrical 

distillers can help bring water to poor communities and those without running water or electricity. It is 

also accessible, the only materials required being wooden posts, a basin, plastic, and some type of seal 

(more materials will be required if the distiller has the cylinder, however). (Khechekhouche, et al., Alwan 

et al.). Finally, if the $260 billion put toward clean water access every year was not needed in that area, 

the money could be utilized for better education systems, climate change solutions, and more. 

 

Materials  

• Eleven broom handles to form frame 

• Saw to cut posts 

• Duct tape to wrap around posts/seal tarps 

• 0.5 mil 9x12 foot plastic sheet 

• Scissors to cut tarps 

• Two 44cm x 32cm basins to hold pre-distilled water 

• Two 32cm x 26cm basins to hold distilled water 

• Water to fill basins 

• 500 mL beakers to measure water  

• Aluminum can to put inside Prototype 2 

 

Procedures  

1. Eight 35-cm, four 40-cm, four 11-cm, four 70-cm, and four 74-cm posts were cut with a saw out 

of metal broom handles. Cuts were made by a parent.  

2. The rectangle formed by two 35-cm and two 70-cm posts, assembled horizontally with the same 

lengths parallel, was constructed by tightly wrapping a piece of duct tape around each corner, 

which were all right angles. Let this rectangle be called Rectangle A. 

3. A second, perpendicular rectangle was constructed by wrapping similar pieces of tape connecting 

a vertical 40-cm post to both ends of one of the 35-cm posts in Rectangle A. The 40-cm posts 

were then connected in the same tape method to form a new rectangle. Let this new rectangle be 

called Rectangle B.  

4. Step 3 was repeated using the other 35-cm post in Rectangle A, but instead of the 40-cm posts, 

the 11-cm posts were used. Let this third rectangle be called Rectangle C.  

5. Using the same tape method, the 74-cm posts were connected to the uppermost corners of 

Rectangles B and C, perpendicular to the highest 35-cm post. Post arrangement shown in Figure 

A.  

6. A 0.5-mil sheet of plastic was cut with scissors into the shape and dimensions shown in Figure B. 

The plastic was placed tightly against the post structure, with the middle rectangle lined up 

against the top face of the post structure and the triangular wings lined up with the side faces. The 

plastic was then tightly sealed with tape connecting edges to their corresponding posts. 

7. A [size] metal basin was placed inside the structure via lifting the posts and plastic with a short 

edge against Rectangle B. A [size] metal basin was placed in the remaining area against 

Rectangle C. 



8. Steps 1-7 were repeated to make a similar structure. Let the first structure be called Prototype I 

and the second be called Prototype II.  

9. An empty aluminum soda can was placed longways in the large basin in Prototype II.  

10. The basins and structures were placed next to each other outside facing south on a table.  

11. 750 mL of boiling water was added to the large basin of each prototype, which were immediately 

covered with the structures. Temperature and wind speed were recorded.  

12. The prototypes sat outside until they were no longer in the sun. The plastic was tapped so the 

condensed water dripped down into the small basins. 

13. The amount of water in each basin was recorded along with temperature and wind speed.  

14. Steps 10-13 were repeated four times over separate days for a total of five tests. Specific weather 

patterns shown in data tables. 

 
 

 
 

Analysis and discussion  



The distiller without a can was more efficient and cheaper than the one with the can. Additionally, a 

positive relationship between efficiency and wind speed was found. 

Prototype 1      

 test 1 test 2 test 3 test 4 test 5 

Date 1/16/2022 1/17/2022 1/21/2022 1/27/2022 2/8/2022 

Start time 8:50 AM 9:30 AM 7:00 AM 10:15 AM 10:00 AM 

End time 5:30 PM 8:10 PM 9:00 PM 8:15 PM 5:50 PM 

Total time in sun 
8 hrs 40 
mins 

10 hrs 40 
mins  14 hrs 10 hrs 

7 hrs 50 
mins 

mL in large basin before 
test  750 750 750 750 750 

mL in large basin after test 
(P. 1) 600 590  500 450 

Large basin water temp 
before test boiling boiling boiling boiling boiling 

mL in small basin after 
test (P. 1) 36 15 48 25 5 

Air temp at start 8 C 12 C 2 C 10 C 13 c 

Air temp at end 11 C 14 C 8 C 7 C  20 C 

Wind speed at start 6 km/hr 5 km/hr 13 km/hr 5 km/hr 2 km/hr 

Wind speed at end 7 km/hr 0 km/hr 10 km/hr 3 km/hr 10 km/hr 

 

Prototype 2      

 test 1 test 2 test 3 test 4 test 5 

Date 1/16/2022 1/17/2022 1/21/2022 1/27/2022 2/8/2022 

Start time 8:50 AM 9:30 AM 7:00 AM 10:15 AM 10:00 AM 

End time 5:30 PM 8:10 PM 9:00 PM 8:15 PM 5:50 PM 

Total time in sun 
8 hrs 40 
mins 

10 hrs 40 
mins  14 hrs 10 hrs 

7 hrs 50 
mins 

mL in large basin before 
test  750 750 750 750 750 

mL in large basin after test 
(P. 2) 520 650 540 600 580 

Large basin water temp 
before test boiling boiling boiling boiling boiling 

mL in small basin after 
test (P. 2) 27 21 38 42 10 

Air temp at start 8 C 12 C 2 C 10 C 13 C 

Air temp at end 11 C 14 C 8 C 7 C  20 C 

Wind speed at start 6 km/hr 5 km/hr 13 km/hr 5 km/hr 2 km/hr 

Wind speed at end 7 km/hr 0 km/hr 10 km/hr 3 km/hr 10 km/hr 

 



 

Prototype 1, shown by the blue, did not contain the can, while Prototype 2, shown by the yellow, did. 

On average, Prototype 2 collected more water than prototype 1.   

The average water evaporation for Prototype 1 was higher than that of Prototype 2. 

Note: Prototype 1's large basin was accidentally spilled on test day 3. 

 

 

The price of Prototype 2 (no can) was very slightly lower than Prototype 1.  

Prototype 1's efficiency was substantially higher than Prototype 2's efficiency.  

It can be concluded that the distiller with no can has a better price for its efficiency. 

 



 

As the wind speed increased, efficiency also increased. Although there was no statistical analysis, it 

can still be concluded that there is a positive relationship between wind speed and efficiency. 

 

Conclusions 

When price, collection, and evaporation variables were considered, it was concluded that the distiller with 

no can had a better price for its efficiency, which was not the expected outcome. The prices of the 

materials in each distiller were very close, $10.50 and $10.60, with the aluminum can being the only 

distinction between the two. Such a small differentiation in price meant that the variation in efficiency 

between the distillers was much larger. The second prototype, the distiller with the can inside, collected 

on average 8 mL more water than the first prototype, the one without a can inside. However, the average 

evaporation for the first prototype was substantially higher than that of the second, with 43 mL difference. 

This may have been due to lack of sunlight on the second prototype because of the can blocking the 

water, therefore preventing it from heating up. It also may have been from human error or a lack of 

additional tests.  

Higher wind speed resulted in higher efficiency. Although there was no statistical analysis, there was still 
a positive relationship between the two variables upon comparing efficiency of both distillers and wind 
speed on a given test day. The equation showing the correlation was approximately y = 1.7x + 100. Since 
the distillers were not airtight, more wind may have caused more movement of air inside the distillers and 
increased evaporation.  

Time constraints of this experiment did not allow for much variation in weather patterns such as humidity 
or temperature. Warmer temperatures or less humidity may have contributed to different results. Water 
evaporation was much more than collection, in part because the collected water was not prevented from 
re-evaporating. If all the water that evaporated was collected, the process could be much more useful. 
Tests could not be performed on very windy days, though the wind did increase efficiency. Additionally, 
only one type of distiller was tested. Human error like stray drops of water, unidentical prototypes, and 
other mistakes may have shifted the results as well.  



In trials leading up to the final methodology, prototypes were placed in various locations. When placed on 

the ground after a rain, prototypes would collect moisture and condensate during the night. This could be 

another potential way to collect clean water in more humid climates. Under the conditions of this 

experiment, not enough water could be collected to sustain the needs of a family without access to clean 

water, however, different weather conditions or approaches to a homemade distiller could change these 

circumstances. 

 

Future research 

When on the ground after a rain, prototypes would collect moisture and condensate during the night. 

This could be another potential way to collect clean water in more humid climates or in the desert 

after a rain. Under the conditions of this experiment, not enough water could be collected to sustain 

the needs of a family without access to clean water, however, different weather conditions or 

approaches to a homemade distiller could change these circumstances. 
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