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Introduction
There are three primary urgent sustainability issues that 
are faced by humanity today: the supply of clean water, 
the sources of renewable energy, and the treatment of 
waste material. These issues are relevant on a global 
scale, and are pressingly urgent, directing an increasing 
amount of attention and resources to sustainability 
research.
    Situations such as the 2011 East African drought 
(1), which caused approximately 260,000 casualties in 
addition to large-scale food refugee crises, and the 2005 
Amazonian mass drought (2), which had irreversible 
effects on the local ecological and climactic systems, 

are becoming increasingly prevalent. Such phenomena 
are heavily influenced by anthropogenic global warming 
and occur especially in the arid and decertified regions 
of the Saharan Sahel region and the Australian Outback. 
Climate change could potentially have more severe 
implications in the near future. Dai demonstrated using 
the SRES A1B medium emissions scenario that the 
Palmer Drought Severity Index (PDSI), or the measure 
of local dryness based on precipitation and temperature, 
of regions such as the Mediterranean, Central America, 
and northern Africa could reach -20 by 2060, nearly 
fourfold the current lowest value of approximately -5 (3).
    Gases such as carbon dioxide, methane, nitrous 
oxide, and ozone are naturally found in the earth’s 
atmosphere and help to trap solar energy. They 
contribute to the overall temperature of the earth 
and maintain the habitable biosphere of the planet. 
However, anthropogenic greenhouse gases are having 
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Summary
In order to provide an integrated solution for two 
sustainability issues, supplying clean water and 
using renewable energy sources, we propose a solar 
desalination plant that uses solar energy for seawater 
desalination and generating electricity. To test the 
efficiency of the hypothetical plant, we conducted two 
small-scale simulations. The first simulation tested 
our solar tracking robot and how it could maximize 
the amount of solar energy collected. When the sun’s 
position is near the zenith, our data on the solar azimuth 
and elevation angles were consistent with theoretical 
predictions, but the data deviate from theoretical values 
at other times due to atmospheric refraction, which was 
not considered in the theory. The second simulation 
investigated the desalination process by controlling 
the salinity and surface area, while keeping the water 
temperature below the boiling point. We found that the 
volume of water vapor exponentially decreased with 
salinity and linearly increased with the surface area 
of the saline water. From our experimental data, we 
estimated that, by collecting vapor from saline water at a 
temperature slightly less than the boiling point, the yield 
of desalinated water was 67% greater than that of the 
direct evaporation method. Locations where the system 
would be most efficient are coastal areas between 40 °N 
and 40 °S, where the ratio between solar radiation and 
ground water recharge rate is at a maximum.

Figure 1: Blueprint (a) and prototypical model (b) of the 
proposed sustainable desalination plant. The model in (b) 
is a virtual realization of (a) constructed using the Lego 
Digital Designer modelling software. 
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an increasingly drastic impact on the global biosphere. 
Since the Industrial Revolution, demand for fossil 
fuels has increased exponentially, and supplies are 
diminishing rapidly. The burning of fossil fuels releases 
various greenhouse gases that add to the pre-existing 
amount, significantly raising the temperature through 
the greenhouse effect. According to data from the 
Carbon Dioxide Information Analysis Center, levels of 
atmospheric methane have increased nearly twofold 
since 1750 and carbon dioxide has increased by 40%, 
both due to the emissions of human industrial activities 
as well as from natural causes (4). Deforestation has 
also contributed to the rise in atmospheric CO2 (5). If this 
trend continues, then the climactic conditions projected 
by SRES A1B could very easily become reality. 
    Increased urban and industrial activity after the 
Industrial Revolution also accompanied a significant 
output of wastewater. Industrial and municipal wastewater 
has sometimes been found to contain toxic waste, 
pesticides, oils, pathogens, human waste, and extreme 
pH (6). In overcrowded developing areas, such as the 
Indian peninsula and eastern China, where the quality 
of sanitation does not fulfill municipal needs, wastewater 
could easily be recirculated into the urban drinking water 
system. High precipitation levels in India contribute to 
the unsanitary conditions by overflowing sewers (7). 

Industrial pollutants in China are contaminating the 
drinking water to such an extent that the water cannot 
be fully purified in any way. In certain areas, pollutants 
contain a large variety of carcinogens and pathogens that 
infect inhabitants of entire villages through transmission 
and bioaccumulation (8).
    Thus, a source for clean drinking water powered by 
renewable energy is highly desirable for regions that are 
impacted by the adverse effects of the environmental 
phenomena described above. In order to mitigate 
the problematic consequences of such phenomena, 
we proposed a prototypical model for an integrated 
solution of clean water and renewable energy. The 
core component of this model is a desalination system 
that converts seawater to clean drinking water solely 
through the use of solar energy that is collected from 
a photovoltaic heliostat array. Each heliostat in the 
array is a mirror that rotates to keep reflecting sunlight 
toward a fixed target, regardless of the sun’s movement 
in the sky. We have designed and conducted a series 
of experiments in order to maximize the efficiency of 
various components of our model.
    Our proposed model, as illustrated in Figure 1, consists 
primarily of two modules: a seawater transportation and 
desalination system (the desalination module) and a 
photovoltaic heliostat array (the energy module). Figure 
1a shows the blueprint of our model, and Figure 1b is 
a virtual prototype of the blueprint that was constructed 
using the Lego Digital Designer modelling software. In 
Figure 1b, two heliostat arrays are placed on the east 
and west sides of the evaporation chamber such that 
the chamber can receive reflected sunlight throughout 
the entire day. The Joule-Thompson (JT) cooler for the 
resulting water vapor, a cooler which liquefies vapor 
by forcing it through a porous plug while the system is 
adiabatically isolated (i.e., no heat is exchanged with 
the environment), is built underground to lower the 
temperature of the vapor. We note that Figure 1 also 
includes a separate facility (the waste treatment module) 
to treat brine, city wastewater, and industrial CO2 by 
cultivating algae in a raceway pond; however, simulating 
the waste treatment module is beyond the scope of this 
research project.
    In the desalination module, seawater is pumped from 
the ocean, and pre-heated during its transportation 
by a metal parabolic trough (9). The trough is coated 
with mirrors that reflect the heat of the sunlight into the 
transported seawater, which then enters a vaporization 
chamber. In the chamber, seawater is further heated by 
the reflected sunlight from the heliostat array, and the 
generated water vapor can then be pumped into a JT 
cooler to generate liquid water. The clean liquid water 
produced by the JT cooler can then be distributed for 
municipal consumption. 
    The photovoltaic heliostat array in the energy module 
is composed of a collection of heliostats that have solar 
panels on one side and mirrors on the other. The array of 
heliostats farther away from the sun reflects sunlight into 
the vaporization chamber with mirrors, while the other 
half of the array generates electricity with solar panels to 

Figure 2. Solar tracking robot (a) and the tracking algorithm 
(b). The top row of the program controls azimuth while the 
bottom row controls elevation. In the program, the yellow 
measurement blocks prompt the robot to measure the 
ambient luminosity as measured by the light sensor, the 
orange blocks instruct the robot to perform calculations 
based on the difference between the luminosity before 
and after the rotation, and the green blocks control the 
rotation of the motors.
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power the plant. To prevent energy loss, we propose a 
desalination process of seawater using collected sunlight 
instead of the electricity used in conventional systems. 
The alignment of the photovoltaic heliostat array and the 
parabolic trough is controlled by an intelligent tracking 
robot to optimize the performance of the energy module. 
The recycled heat energy from the JT cooler can also 
serve as an additional source of energy (10).
    To investigate the feasibility of our proposed model and 
to optimize its efficiency, several central topics require 
investigation: (I) What is the trajectory and cumulative 
radiation energy of the sun for an observer on earth over 
the course of a single day? (II) What is the most efficient 
desalination method that can be accomplished using 
the collected solar energy, and what is the efficiency? 
To answer these questions using commonly available 
materials, we conducted two small-scale experiments 
to simulate real-life scenarios. In the first simulation 
experiment, we constructed a solar tracking robot, which 
was used to track the position of the sun and generate 
electricity from collected solar energy. In the second 
simulation experiment, we desalinated saline water by 
two methods, direct exposure to the sun and heating with 
an induction cooker, and used the experimental data to 
estimate the efficiency of various desalination methods.

Results
In the first simulation that we conducted, we built a solar 
tracking robot using Lego components and programmed 

a tracking algorithm for the robot using the Lego 
Mindstorms NXT programming language (Figure 2). The 
tracking device was used to measure the azimuth angle, 
or the angle of the sun relative to the north, and elevation 
angle, or the angle of the sun in the sky relative to the 
horizon, of the sun, such that the collected solar energy 
could be maximized. Figure 3 compares theoretical 
values calculated by the SunEarthTools algorithm 
from planetary orbits (11, 12) and experimental values 
of the azimuth angle (a) and elevation angle (b) of the 
sun as measured at University Hill, Vancouver, Canada 
between 11:00 A.M. and 2:30 P.M. on January 22, 2014. 
The data from the solar tracking experiment consists of 
the average azimuthal and elevation angles during the 
first minute of each half-hour and the standard deviation 
for each data point (Figure 3).  Our data was consistent 
with theoretical values, with the difference in azimuth 
being < ±3° and the difference in elevation being ≤ ±0.6°.
    Figure 4 shows the generated power of the solar 
panel attached to the tracking device between 9:45 
A.M. and 2:45 P.M. on September 4, 2014. The data 
displayed shows the average amount of solar energy 
during the first minute of each consecutive 15-minute 
interval. No data was recorded after 3 P.M., as the sun 
became obstructed by surrounding buildings. During 
the trial, the solar panel, with an area of 6×10 cm2, was 
able to generate 0.3-0.4 W of power; periods of cloud 
cover may have halved the generated power and lead to 
larger fluctuations in it. For calibrating the solar panel’s 
efficiency, we note that the solar panel generates 0.02 
W of power when it is under direct light from a 60 W 
incandescent light bulb positioned 0.25 m from the 
panel. The yield of our solar panel was estimated to be 
greater than 4.3%. 

The second simulation investigated various 
desalination methods, and examined how salinity and 
surface area of saline water affect its evaporation. The 
simulation was conducted with a small-scale replica, and  
we utilized the collected data to estimate the yield of our 

Figure 3: Azimuthal angle vs. time (a) and elevation angle 
vs. time (b). The graphs reflect the movement of the sun 
relative to the observer on earth. For the fitted curves in 
both figures, the x-axis is the time of day, in hours.

Figure 4: Power generated by a solar panel mounted 
on the solar tracking robot from 9:45 A.M. to 3:00 P.M. 
Larger fluctuations in the measured data were caused 
by cloud cover. Each data point is the average value of 
measurements from 300 trials. The error bars shown 
represent the standard deviation of the data.
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novel desalination method, which functions by collecting 
water vapor at temperatures lower than the boiling point. 
In this experiment, we first desalinated 1.0 L of saline 
water, using a pan with a surface area 0.1 m2 that was 
under direct exposure to the sun from 10 A.M. to 5 P.M. 
on September 10, 2014. For the pan without a cover, the 
amount of evaporated water was measured to be 0.20 L, 
and the temperature of the saline water varied between 
14.2 °C and 35.5 °C. For the pan covered with a plastic 
wrap, the amount of collected fresh water was 0.06 L 
(Figure 5a). For comparison, the amount of evaporated 
water was approximately 0.01 L in a desalination trial 
without exposure to the sun. 

 Furthermore, we desalinated 0.6 L of saline water by 
heating it with an induction cooker (Figure 5b). In Figure 
6, we display the measured volume of water vapor 
during the vaporization process for various salinities 
and surface areas of saline water. For the same amount 
of input energy (240 kJ), we found that the amount of 
water vapor decreases exponentially with salinity and 
increases linearly with  surface area. The fitted curve 
is y = 5.41 + 3.14e-x/2.27 (R2=0.9898) for salinity (Figure 
6a) and y = 0.008z + 4.54 (R2=0.9996) for surface area 
(Figure 6b). Here y represents the percentage of water 
evaporated, x represents the salinity of the solution, and 
z is the surface area in cm2.

Discussion
In the solar tracking experiment, our data on the 
measured azimuth and elevation angles of the sun 
are consistent with the theoretical predictions (11, 12) 
when the sun is near the zenith, or the point on the 
celestial sphere that is directly above the observer on 
the vertical axis. However, for positions that are farther 
away from the zenith, our data may be more accurate 
than theoretical values, since atmospheric refraction of 
sunlight is not considered in the theory. 

 The fluctuations that were observed in the data are 
mainly due to cloud cover, during which the brightest spot 
in the sky varied with time, according to the tracking robot. 
To reduce fluctuation, a cardboard tube was placed over 
the light sensor in order to allow the robot to focus on a 
smaller region of the sky, thus increasing the stability of 
the tracking mechanism. It can be seen that the curves 
(azimuth angles vs. time and elevation angles vs. time) 
in Figure 3 are consistent with the general movement of 
the sun relative to the observer, as the azimuthal angle 
of the sun increases linearly over the course of a single 
day, and the elevation angle rises to a peak at mid-day 
(12:30 pm) then falls, in the form of a typical parabolic 

Figure 5: Experimental setup for the simulation of 
desalination by direct exposure to the sun (a) and by 
heating with an induction cooker (b). A thermometer was 
used to monitor water temperature.

Figure 6: Graphs of water evaporated vs. salinity (a) 
and water evaporated vs. surface area (b). Note that the 
volume of evaporated water decays exponentially with 
salinity, and increases linearly with surface area. Each 
data point is the average value of measurements from 
three trials. The error bars shown represent the standard 
deviation of the data..
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curve. Overall, the results of this experiment show that 
the logic of this solar tracking program is suitable for use 
in our prototypical model to maximize the efficiency of 
energy generation.

Our solar panel had an area of 60 cm2 and an 
efficiency of 4.3%, and it was able to generate a constant 
power of 0.3-0.4 W under exposure to sunlight. The 
daytime solar radiation power in Vancouver during early 
September was estimated to be approximately 1 kW/
m2, and the average length of a day in Vancouver during 
September is approximately 12.5 hours. According to 
the collected data, if our energy module consists of 2000 
heliostats of area 100 m2 and the solar panels have an 
efficiency of 15%, it will be able to collect 106 kWh of 
heat energy and 1.5×105 kWh electrical energy on a 
cloudless day in the month of September. We note that 
we have utilized our solar tracking robot to maximize 
the solar radiation power received by the solar panel 
in our experiment. However, due to a limited budget 
in constructing experimental equipment, we could not 
demonstrate the performance of our solar tracking facility 
by performing a control for the experiment, i.e., a parallel 
experiment to measure the generated power of the solar 
panel without solar tracking. Such a comparison would 
help us estimate the efficiency of our solar tracking robot 
and design a more efficient solar tracking algorithm.

To further couple the energy and desalination 
modules, we conducted an experiment in which 1 L 
of saline water was desalinated by direct exposure 
to the sun. After 7 hours of exposure, the amount of 
evaporated water was found to be 0.20 L, and the 
highest water temperature measured was 35.5 °C. If 
the system is simply scaled up, the above mentioned 
energy module would only be able to produce 2.9×105 

L of fresh water. However, it was noted that the vapor 
pressure of saline water drastically increases with 
water temperature, as shown in Figure 7. The efficiency 
of the desalination process would be much higher 
if the experiment was conducted at a higher water 
temperature. Since the resources to construct the 
proposed photovoltaic heliostat array were not available, 
we attempted to improve the desalination method by 
simulating the energy module with an induction cooker. 
Our experimental data were then used to evaluate the 
feasibility of our proposed desalination plant in regions 
suffering from severe drought.

The results of the desalination simulation experiment 
can be used to estimate the efficiency of our proposed 
desalination method, which was to collect vapor from 
saline water that was kept at a temperature slightly 
lower than its boiling point. For direct vaporization, the 
energy required to vaporize 0.6 L of 15 °C seawater is 
1.57×106  J, which can be calculated by the formula E 
= msΔT + meg, where the former is the energy required 
to raise the temperature of water and the latter is the 
energy required to vaporize the water. Here, m is the 
mass of water, s=4181 J/(kgK) is the specific heat, ∆T 
is the change in temperature, and eg = 2260 kJ/kg is the 
latent heat of water. The amount of energy that was used 
to heat the saline water in the simulation is given by the 

equation E = msΔT. As 600 mL of water was heated from 
15 °C to 100 °C in the experiment, the energy required 
can be calculated to be 2.13×105 J. The ratio between 
the energy for heating and the energy for complete 
vaporization was 13.5%, where the average ratio of 
collected vapor was approximately 6% for saline water 
of salinity 3.5% in the experiment.

Maintaining the temperature of water slightly below 
its boiling point may produce more consumable fresh 
water than simply vaporizing water. To estimate the 
amount of collected vapor when the saline water is 
heated, as shown in Figure 7, we fitted standard data 
of saline water vapor pressure for various temperatures 
(13) with a polynomial function: y = s(0.0002x3 – 0.0175x2 
+ 0.7928x - 9.2751). In the equation, x is the temperature 
of saline water, y is the vapor pressure, and s is the 
molar fraction of water. According to Raoult’s Law, the 
vapor pressure of a solution of a non-volatile solute is 
equal to the vapor pressure of the pure solvent at the 
same temperature, multiplied by its mole fraction (0.98 
for saline water of salinity 3.5%).  Using integration, the 
amount of collected vapor from heating 15 °C saline water 
to 100 °C at a constant rate was found to be proportional 
to the area A1 = 2228 kPa°C under this vapor pressure 
curve. If the temperature of saline water is kept at slightly 
below the boiling point (by adding cold saline water and 
recovering heat loss during vaporization), the amount 
of water vapor collected is proportional to the area A2, 
which is approximately 8440 kPa°C. In this case, the 
amount of water vapor collected can be enhanced by 
a factor of A2/A1 = 3.79. Therefore, the collected vapor 
would be 22.7% of the total amount of saline water if 
the temperature of the water is slightly lower than the 
boiling point. Therefore, using our proposed desalination 
method, we can purify 22.7% of the water by using 
13.5% of the energy, compared to the direct vaporization 
method. The yield of desalinated water can be improved 
by approximately 67%. 

We note that, in the above estimation for the 

Figure 7: Graph comparing the vapor pressure of two 
different desalinization methods, gradually heating 
the water up to 100°C (curve 1) and maintaining water 
temperature slightly below 100°C (curve 2). The volumes 
of collected water vapor for the methods of desalination 
are respectively proportional to the area under the curves, 
A1 and A2.
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available amount of fresh drinking water, we measured 
the amount of evaporated water in our experiments. This 
estimation assumed that water vapor can be pumped into 
a cooler to produce fresh drinking water. Such a cooling 
facility is currently not available in our experiments, but 
its effects can be simulated using a simple experiment.  
We covered the pan with a plastic wrap to condensate 
water vapor and collect fresh drinking water. The yield 
of this method is approximately 30% of that of a proper 
cooling facility, as proposed in our model. Such a low 
yield was expected, as there is no net evaporation of 
water when the saturation vapor pressure of water is 
reached in a sealed container. Further evaporation of 
bulk water in the pan can only occur when the water 
vapor condenses on the plastic wrap, or when the water 
temperature increases, which leads to an increase in the 
saturation vapor pressure. Therefore, it would be more 
efficient to create fresh drinking water by constantly 
pumping water vapor into a cooler, which was simulated 
in our experiments using an open container.

This desalination system was found to have 
maximum efficiency and desirability in areas between 
40°N and 40°S, where the average solar radiation is the 
highest (14, 15) and the groundwater recharge rate is the 
lowest (16, 17). In regions suffering from severe drought, 
the population that can be sustained by the produced 
water over the course of a day can be calculated using 
average water consumption data. Using California as 
a hypothetical scenario, the average solar irradiance 
in California is approximately 5.4 kWh/m2 per day. As 
previously stated, one half of the photovoltaic heliostat 
array heats the evaporation chamber, while the other 
half generates electricity. If each photovoltaic heliostat 
has a surface area of 100 m2, and 1000 mirrors are 
used to collect heat, the total energy that is collected for 
heating water is 1.94×1012  J per day. Using our proposed 
desalination method, the desalination plant will produce 
1.24×106 L water per day. In California, the average 
domestic water consumption per capita is 47.99 L/day 
(18), one of the highest rates of water consumption in 
the United States. This would indicate that our proposed 
desalination plant is capable of sustaining 25,005 
people, which is roughly the size of a small city. However, 
the city of Los Angeles has a population of 3,884,307 
(19), and the entirety of California has a population of 
38,322,521 (20). This would mean that 1532 plants 
would be required to supply enough water for the entirety 
of California, which has both a large population and a 
high water consumption rate. 

There are other issues and possible applications 
that are associated with our hypothetical desalination 
mechanism. We proposed JT coolers as a means of 
cooling heated vapor by its adiabatic expansion. The work 
that is done by the JT cooler can be recycled to generate 
electricity, which may be used to provide additional 
power to the plant, or be distributed to municipal areas. 
Efficient mechanisms for recycling the released energy 
during gas expansion as well as liquefying gas are an 
area of potential further exploration.

Another area of further study pertaining to this 
system is the development of an efficient protocol for 
algae cultivation. This includes the study of the genera 
of algae that can be used for wastewater treatment in a 
raceway pond, as well as their applications in biomass, 
food, and cosmetics. In the waste treatment module, the 
brine produced during desalination can be mixed with 
city wastewater and industrial CO2, and the mixture can 
be released into a raceway pond for the cultivation of 
marine algae and waste treatment. Algae not only help 
to remove nitrides, phosphates, and heavy metals from 
wastewater, but can also generate biomass and food 
(21, 22). Treated water from the waste module can then 
be released back into the environment. The cultivation 
of algae requires a set ratio of carbon molecules (C), 
nitrides (N), and phosphates (P); most algae species 
prefer a C:N:P ratio of 50:8:1, while typical municipal 
wastewater only has a C:N:P ratio of 20:8:1 (23). Thus, 
CO2 can be dissolved in wastewater to increase the 
carbon percentage in order to maximize the efficiency of 
algae cultivation. The cultivation of algae has many other 
potentially useful applications aside from wastewater 
treatment, including the powering of power plants, the 
production of combustible gas through gasification 
of biomass, conversion of biomass into biofuels and 
hydrocarbon fuels, or fermentation, anaerobic digestion, 
and composting of biomass by microorganisms. In 
addition, many macroscopic species of algae are also 
frequently cultivated for human consumption. 

In this research project, we inquired into the 
feasibility and efficiency of designing a facility for clean 
drinking water as a solution for current environmental 
issues including drought, greenhouse gases, and lack 
of sanitation. We propose a solar energy powered 
desalination plant primarily consisting of an energy 
module and a desalination module. To evaluate and 
optimize the components of our proposed model, we 
inquired into two specific issues, the trajectory and 
radiation energy of the sun over the course of a day, 
and the efficiency of various desalination methods. We 
constructed a solar tracking robot to track solar position 
and to harvest solar energy during the daytime, and we 
found that there was a linear increase in the azimuth 
angle and a parabolic change in the elevation angle of 
the sun, and that solar radiation was nearly constant 
during the daytime near the earth’s surface in the test 
location. Cloud cover was found to be a major source 
of fluctuations in the data. We also conducted a series 
of small-scale simulation experiments to evaluate 
the efficiency of various desalination methods using 
the collected solar energy. According to our analysis, 
the most efficient desalination method is to harvest 
water vapor from sub-boiling saline water heated by 
solar energy. We demonstrated that each proposed 
desalination plant could provide fresh water for the 
domestic usage of approximately 25,000 people in 
California. Therefore, provided that such a plant is 
feasible, our proposed solution for renewable water and 
energy has the potential to revolutionize how the world 
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approaches sustainability issues. 

Methods
In the first experiment, we constructed a robot using 
Lego components to track the position of the sun, as 
shown in Figure 2a. The light sensor module is mounted 
on a motor module that contains two motors, one rotating 
around the azimuthal axis and the other rotating around 
the elevation axis. A solar panel of area 6×10 cm2 was 
installed below and parallel to the sensor. At the base 
of the robot is a computer that controls the robot, along 
with an energy meter that was used to calculate energy 
input and output. The robot was controlled by a tracking 
algorithm (Figure 2b), that was programmed using the 
graphic-based Lego Mindstorms NXT programming 
software. The robot was programmed to rotate around 
the azimuth, the angular position of the sun relative to 
0°N, as well as elevation, the angular position of the sun 
relative to the horizon, and comparing the brightness 
before and after the rotation to decide the next rotation. 
In doing so, it locates the brightest spot, the sun, in the 
sky and tracks its movement over the course of a single 
day.

The program commences the data logging function, 
after which it measures the ambient luminosity and 
rotates the robot +/– 1° azimuthally and elevation-wise. 
The control of azimuth and elevation run simultaneously 
on parallel loops. After each rotation, the algorithm 
makes another measurement of ambient luminosity and 
compares the luminosity to that before the rotation. If the 
luminosity has increased, the robot continues rotating 
in the same direction. Otherwise, if the luminosity has 
decreased, the robot rotates in the reverse direction. A 
copy of the tracking algorithm can be downloaded from 
http://phy.ntnu.edu.tw/~cchen/pdf/tracking.rbt.

In the first experiment, we aligned the robot to the 
north using a compass application. The solar tracking 
program was run from 9:45 A.M. to 2:45 P.M., collecting 
data concerning azimuth and elevation of solar position, 
as well as the current and voltage amplitudes generated 
by the solar panel. A cardboard tube was placed over the 
light sensor of the robot (Figure 2a) to allow the robot to 
focus on a smaller region of the sky and thus obtain more 
accurate results.

In the second experiment, saline water was 
desalinated by direct exposure to the sun (Figure 5a) 
and by heating with an induction cooker (Figure 5b). 
In the desalination experiment with direct exposure to 
the sun, we measured the amount of evaporated water 
from 1 L of saline water in a pan with an inner surface 
area approximately 0.1 m2. A thermometer was used to 
monitor the temperature of the saline water. The black 
inner surface of the pan was used in the experiment 
to absorb heat energy, while the silver outer surface 
reflected the majority of the heat energy. To compensate 
for the shadow cast by the pan, we mounted a mirror 
on the solar tracking robot to reflect sunlight to the inner 
surface of the pan. To collect water vapor, we placed a 
piece of plastic wrap on the top of the pan and secured it 
using a rubber band. A weight in the centre of the plastic 

wrap caused it to sink, such that the vapor condensate 
would trickle down to middle of the plastic wrap and 
be collected by a small container below. The pan was 
placed in sunlight from 10 A.M. to 5 P.M., and the volume 
of the collected fresh drinking water was measured at 
the end of the trial.

As shown in Figure 5, we heated saline water in a pot 
using an induction cooker to simulate desalination in our 
hypothetical model. To simulate the removal of vapor out 
of the evaporation chamber by a pump, the pot was kept 
open to allow the diffusion of vapor. Saline solutions of 
1%, 2%, 3%, 3.5%, and 5% salinity were prepared by 
respectively mixing 6 g, 12 g, 18 g, 21 g, and 30 g of salt 
with 600 mL of 15 °C water in a large beaker. Each solution 
that we prepared, along with 600 mL of regular water as 
a control, was then heated in a pot that was placed on 
a 200 W induction cooker for 20 minutes. The size of 
the pot was also varied by using three different pots with 
respective diameters of 16 cm, 20 cm, and 23 cm. Over 
the course of the experiment, the temperature of saline 
water was kept below the boiling point, by monitoring a 
thermometer in the saline water. After heating, we used 
a smaller beaker to accurately measure the volume of 
the remaining saline water. Three trials were conducted 
for each combination of salinity and pot diameter, thus 
enabling more accurate and comprehensive calculations 
of averaged data.
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