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TURNING SALT WATER INTO FRESH WATER: SOLAR DESALINATION

CONTEXT

Likotuden, the district capital of Flores Island in East Nusa Tenggara province and an hour’s
drive from Larantuka, is an arid area where rice crops frequently fail and soil is too poor to
grow most vegetables. In addition to difficult farming conditions, sources of fresh water are
limited. Families living in Likotuden village currently have drinking water piped from Leto
Matan water spring to a central water tank in the village from where they then collect drinking
water.

The Leto Matan spring is not only the water source for Likotuden but also for the wider
Larantuka community. According to an online article by Mongabay Indonesia, water crises
and environmental degradation in Larantuka have made access to fresh water an urgent
issue. The Leto Matan water spring is drying up with an output of just 32 liters of water per
second in 2016 compared to the previous year’s of 110 liters per second. Such a reduction in
output means Likotuden’s water source is at critical risk.

LIKOTUDEN, EAST NUSA TENGGARA


http://www.mongabay.co.id/2016/08/18/debit-mata-air-menurun-masyarakat-larantuka-pun-kekurangan-air-bersih/
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HYPOTHESIS

Kopernik hypothesized that the Carocell 3000 Water Purifier would successfully produce
enough potable water per day to meet one family's daily drinking water needs.

The solar desalinator will:
¢ Meet the functional requirements of the harsh environmental conditions of Likotuden;
e Produce water fit for drinking according to the standard of fresh water quality by
Indonesia’s Department of Health and the World Health Organization (WHO).

METHODOLOGY

Kopernik rapidly tests innovative solutions in last mile contexts in order to determine their
potential to reduce poverty effectively. In our experiments Kopernik adopts a lean approach,
collecting and analysing small-scale data to learn the effectiveness of the solutions.

In this project, Kopernik observed the performance and functionality of the solar desalination
technology over five months. Kopernik collected water quality data using measuring tools
such as a pH meter, a TDS meter, and a salinity meter. To ensure accuracy, each desalination
measurement was taken multiple times. The results were then calculated and averaged.
Kopernik also engaged the Department of Health in Larantuka and Kupang to conduct a fresh
water quality test. The volume of water produced was measured by weight and converted
from kilograms to liters.

FINDINGS
Environmental Appropriateness

The conditions of Likotuden are a true last mile community where access is difficult and
infrastructure and services are limited. The location for this experiment was not ideal in terms
of proximity to the sea water source but it was ideal in terms of mirroring similar communities
where access to fresh water is difficult. The setup of the desalinator required the
establishment of an 80 liter static water tank filled by seawater from a 130 meter pipe and
pump system which relied on gravity pressure to fill the desalinator.

The family testing the technology reported that the pipe and pump system was precarious
and required repair on one occasion. They reported that the desalinator itself was easy to use
but at one point they shifted the machine, upsetting the angle and causing the brine (the salty
water separated from the fresh water through the filtration process) and the fresh water to mix
and become contaminated after filtration. Using a split level solved this problem quickly.

Unsurprisingly, the brine was particularly corrosive and the metal frame became rusty (image
1). After three months’ use, the panel cloth inside the machine had also disintegrated in parts
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(image 2). Upon receiving photos of the damage to the cloth, FCubed, the manufacturer,
determined that the fabric was not worn all the way through and the damage was therefore
primarily cosmetic and should not affect the desalinator’s operation. The metal corrosion also
had no affect on the machine’s functionality.

The panel cloth required washing with fresh water every two months so the crystals from the
salt water outlet did not reach the fresh water channels. This was not a difficult process but it
did consume a portion of the filtered fresh water making it unavailable for the family to drink.

Image 1 Image 2
Potability

Fresh water can be defined as water with less than 500 parts per million (ppm) or 0.05% of
dissolved salts." According to the World Health Organization (WHQO)’s “Guidelines for Drinking
Water Quality 2017”7, water with a TDS level of less than 600 miligram/liter is considered to be
good. Using a salinity meter, Kopernik tested the salinity level of the seawater before it
entered the desalinator where it was at a level of 3.0% (Image 3), and then after filtration
where it was recorded as 0.0% (Image 4) proving that the water was potable.

! https://en.wikipedia.org/wiki/Fresh_water#cite_note-5


https://en.wikipedia.org/wiki/Parts_per_million
https://en.wikipedia.org/wiki/Salt
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Image 3 Image 4

Kopernik also tested the filtered water in government laboratories. The results from the
Department of Health in Kupang demonstrated zero presence of E.Coli bacteria (Image 5),
and the Department of Health in Larantuka deemed the water fit for drinking in terms of smell,
color and taste as well as chemical elements (Image 6). This is in line with the Indonesian
Ministry of Health’s regulation number 492/MENKES/PER/IV/2010.2 While this is not a
measure of the desalinator’s performance, it does show that the water is fit for drinking.
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Water Volume

The solar desalination process is strongly influenced by weather and other environmental
factors, in particular exposure to sunlight. When the exposure to sunlight is high the
desalination performance will be maximized. During the experiments, Kopernik positioned the
desalination machine under direct sunlight without any shade from buildings or trees. The
volume of water is also be affected by the availability and capacity of the water pump. The
further the distance between the water pump and the sea, the higher the capacity of pump is
needed. Kopernik installed a 10 liters/minute capacity pump with a 130m pipe. This desalinator
model can also be used without a pump, requiring the seawater tank which feeds the

2 The water test was conducted by Ferdinandus Mada, SKM and Yosepha Benedikta Kumanireng (Larantuka’s Health
Department staff)
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desalinator to be filled manually.

According to FCubed, the Carocell 3000 can produce 15 liters of fresh water from 30 liters of
seawater per day with perfect conditions. Based on our results, the desalination tool in
Likotuden produced an average of 10 liters of fresh water per day. On the first and fourth day,
the desalinator produced an amount of fresh water that was consistent with the
manufacturer’s standards, however, on the third day, due to heavy rain, only 6.5 liters of fresh
water was produced (Figure 1). It should be noted that during our monitoring and evaluation
period, the weather in Likotuden was mostly cloudy.
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Figure 1. The amount of fresh water generated by the solar desalination tool

Another important factor that affected the desalination process was the sea’s tidal patterns.
Ideally, the water pump’s hose collecting the seawater would be located from a jetty and
would be submerged in water at all times. However, in Likotuden, the pump collected
seawater from the shore and with the length of pipe used, Kopernik could only collect
seawater at high tide. If the water pump was operated when the tide was low, the remaining
water in the suction channel ran out causing cavitation in the pump. If this occurs on a regular
basis, cavitation will likely damage the pump after just two years.

The water volume collected in Likotuden was also affected by the collection method. The
family testing the technology collected the fresh water from the desalinator using an open
bucket and then poured it into plastic drinking bottles for storage, resulting in some spillage.

While the analysis of the water volume was based on one family's average needs of 10 liters
per day, Kopernik checked this against other families’ needs in the community. Across four
more families in Likotuden, Kopernik found that their consumption was similarly also
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averaging 10 liters for drinking per day. Kopernik found across the five families interviewed
that families used an average of 200 liters of water for other daily household needs such as
for showering and washing. Therefore while the desalinator did cover the family's drinking
water needs, the technology would not be a viable solution to cover all household fresh water
needs.

Affordability

While affordability was not the focus of this project phase, Kopernik conducted a calculation
based on the 10 liters drinking water consumption of the five families in Likotuden. Assuming
that the Leto Matan spring does not continue to meet the needs for all families in Likotuden
and people had to start buying their drinking water from the small water truck operating in the
area, the daily requirement of ten liters of water per day would cost around IDR2,000
(YUS$0.15). Over one year, that equates to IDR730,000 (YUS$54).

If a family did decide to invest in the Carocell 3000 desalinator, the cost of the machine would
be more than US$250. This base cost does not include shipping and transport to the final
installation location or installation materials and labour, pipe and pump (if required) or water
collection and storage containers. Based on the three year lifetime of the product, the
desalinated water would therefore cost a minimum of US$83/year (US$250/3 years), 65
percent more expensive than buying the equivalent volume of gallon water in this area at
US$54.

CONCLUSION

The Carocell 3000 desalination machine installed in Likotuden did meet households’ daily
drinking water needs. Our hypothesis was proven correct, as the desalinator produced an
average of 10 liters of fresh water per day exactly meeting the household’s average 10 liter
drinking water requirements. The water quality also met the Indonesian Government and
WHO standards, with a salinity level under 0.05%. The functionality of the desalination
technology met the requirements needed in a last mile environment.

Kopernik believes the performance of the Carocell 3000 can be better and meet the
manufacturers claims of 15 liters per day if the desalinator was operating in a more ideal
location than Likotuden, avoiding the complications of the far distance from the shore and the
tidal influences. Kopernik suggests a more efficient water collection method could be
adopted which would reduce spillage.
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FINDING WHAT WORKS

- Ibu Maria Loretha, Likotuden, East Flores

RECOMMENDATIONS

Based on the data collected, Kopernik recommends that:

1.

Organisations working with this technology locate the machine near the sea or a sea
water well with a submerged pipe to minimize complications due to precarious pipes
and pumps and tidal fluctuations.

Kopernik tests this technology again to see if a more ideal location and better
collection methods will meet the manufacturer’s claim of a 15 liters per day production
capacity.

Kopernik tests other desalination tools to see if there is in fact a system that produces
a larger capacity, meeting the full household water requirements at a viable price
point (a cheaper alternative to purchasing water).

LEARN MORE

1.

2.

Kopernik's Director of Strategic Initiatives, Anna Baranova’s Kopernik Insight
investigated the functionality versus return on investment for the Carocell 3000 Water
Purifier.

We shared this report to the Carocell3000 Water Purifier manufacturer, FCUBED.
Learn more about their detailed response and feedback.



https://kopernik.info/en/insights-reports/kinsights/desalination-process-needs-to-be-more-affordable-before-it-can-compete-with-alternative-methods-of-procuring-drinking-water
https://v1.kopernik.info/documents/document/1534829987122_9523.pdf

