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As shown in Graph 1, the mean GOR of the condenser 
designed in this study is significantly less than the known GOR 
of the existing system.

Fresh water is a widely needed resource that is utilized in all 
countries’ socioeconomical affairs. It is also a highly scarce 
resource that is running out fast. The global demand for fresh 
water is expected to rise to 6300 billion cubic meters by 2030, 
which exceeds the natural supply by 40% (Shahzad et al., 2014), 
meaning a method of acquiring fresh water unnaturally is 
needed. Many desalination methods exist and are used, but they 
require a synthetic heating source or lots of pressure to move the 
water through the system. These things use large amounts of 
energy, which contributes to another global problem of climate 
change.

MED is a thermal desalination method that utilizes the 
temperature of the steam produced by evaporating the saltwater 
to heat another stage of saltwater. The steam is piped through 
the next effect (Shown in Figure 1), which is what each stage of 
the process is called, and saltwater is sprayed over the pipes and 
evaporated. The steam in the pipes is then condensed and 
collected, while the steam created is piped into the next effect, 
and so on. 

Using solar energy could be a very big step for desalination, 
as it would allow the system to function anywhere with 
adequate sunlight and heat, which is also usually where a 
freshwater resource is needed the most. It also would not require 
any electricity to function, which would make it useful in areas 
of poverty, and may also allow for easier transportation of the 
system to the places in need, because it does not need to be near 
an energy source. The Middle East already contains many of the 
world’s desalination plants, and its climate and conditions would 
also make it suitable for a solar heated plant. The purpose of this 
project was to design and create parts for a small-scale Multi 
Effect Distillation (MED) system that functioned using only 
natural heat from the sun.

The purpose of the project was to create parts for a small-
scale MED system that only uses naturally occurring energy to 
carry out its function. The results displayed in the previous 
graph shows the GOR of the built condenser compared to 
existing MED systems. It was expected that existing methods 
would have a better GOR, but the comparison still shows where 
this project stands now and how it can improve. The first thing 
to do with this project in the future would be to create the effects 
of the system and atomizing water in a way that does not require 
energy. The results of this project or future projects could help 
create small scale distillation methods for acquiring freshwater 
in places that are in need. It would also make it easier for lesser 
developed and impoverished populations, as there is no need for 
electricity or any energy production. The method did require 
human interaction to keep the sunlight focused on the right spot, 
but this could be fixed by having a much larger heat sink or 
other heat absorbing object, so that when the sun moves the 
light is still focused on a portion of it for a longer period.
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The first goal of the project was to create a successful method of 
heating the source water to at least 70 degrees Celsius using only heat 
from the sun. This was achieved using a Fresnel lens, which 
concentrated an area of sunlight onto one specific spot in a container 
of water (shown in Figure 2). The Fresnel lens was focused onto a 
copper heat sink that was placed in the water, so that the light stayed 
concentrated and did not refract, which would’ve prevented the water 
from absorbing the heat. The container that was used was a double 
walled vacuum sealed glass container. This allowed the sunlight to 
easily pass through, but also kept the heat in effectively.

The next goal of the project was to create a successful method of 
condensing the freshwater vapor once it has flown through the last 
effect. The system used for this was the coil-in-shell method of 
water-cooled condensation, which had the freshwater vapor flow 
through a copper coil that was inside of a larger container. Copper 
tubing was used to make the coil, and the shell was made of PVC 
pipe with one end sealed (shown in Figure 3). The larger container 
was then filled with water, which allowed the heat to transfer from 
the vapor to the brine through the copper and condensed the vapor. 
The condensing liquid then flowed out of the container so that more, 
cooler liquid could be added back. The gain output ratio (GOR) of 
condensation was calculated, which is the ratio between the amount 
of distilled water collected and the amount of steam consumed. The 
GOR of the condenser was found and compared to the GOR of an 
existing MED system, which was 0.624 (Elzahaby et al., 2016).

Figure 2 (left): Lens testing 
experiment setup. Lens it put 
at an angle pointing at the 
container of water with the 
heat sink taped to the side. 
Thermometer suspended from 
lid to monitor temperature.

Figure 1 (left): Simple 
diagram of MED 
process. Saline feed 
supplies salt water 
that sprays over pipes 
heated by steam of 
previous effect or 
motive steam. Steam 
is then condensed and 
collected.

Figure 3 (right): Condenser 
testing setup. Copper tubing 
gets steam from kettle and 
goes through PVC with 
water inside. Condensed 
water and condensing liquid 
are collected separately. 

Graph 1 (right): A 
one-sample t-test 
was run comparing 
the experimental 
condenser GOR data 
to the known value 
of 0.624, M = 0.432, 
SD = 0.044, N = 8, p
< 0.001.
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