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Design of an onsite volume reduction system for

source-separated human urine
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This study was carried out to resolve transportation of human urine from household to the farmland. We
proposed an onsite volume reduction system (OVRS) to treat source-separated human urine at houschold level as
part of the onsite wastewater differentiable treatment system (OWDTS). The OVRS is based on a vertical gauze
sheet in permanent contact with urine, which is placed over a urine collection tank. The water from the urine
tank is expected to flow vertically upward in the gauze sheet through various small capillaries under the capillary
pressure, which is then evaporated into the atmosphere through the sheet surface. The specific goal of this research
work is to establish comprehensive design procedures to estimate size of the gauze sheet of the OVRS for various
climate conditions.

In Chapter 1, comprehensive literature review was carried out to summarize the present research work done on
urine treatment and what are the issues that should be addressed.

In Chapter 2, a case study of Southern Pakistan was carried out to estimate transportation cost of human
urine from household to farmland using local trucking system, which revealed that the cost increases significantly
when the transportation distance increases. Therefore, a high rate of 80%volume reduction of urine per day was
proposed at each household level to provide incentives to farmers to switch to urine-based fertilizer instead of
commercial fertilizer. Therefore, we proposed a laboratory-scale OVRS unit,

In Chapter 3, a water transport model of a cloth sheet was developed, which is based on water balance in the
sheet comprising water supply to the sheet and water evaporation through the sheet surface. The performance of
this model was evaluated using laboratory-scale onsite volume reduction unit. The experiment were designed and
performed to evaluate the water penetration through the sheet and water evaporation. The effect of air temperature,
humidity and air flow rate on mass transfer coefficient was investigated using a synthetic urine and de-ionized water
respectively. The mass transfer coefficient was represented in a non-dimensional form of Sherwood Number (Sh)
and a relationship between Sherwood Schmidt and Reynolds Numbers was established. The important ontcome of
this study was confirmation of the water transport model and establishment of comprehensive design procedure to
estimate size of the gauze sheet for OVRS. Then, the design procedure was applied to the conditions of Southern
Pakistan to estimate size of the actual gauze sheet required for 80% volume reduction of 10 L urine per day. The
major finding was that a small size of 440-2060 cm? was required for operating this system at household level.

In Chapter 4, the performance of the onsite volume reduction system using synthetic urine with various concen-
trations, such as 10% diluted synthetic urine (4.177 g salt L"), undiluted synthetic urine (41.77 g salt L™!), twice
(83.54 g salt L™"), thrice (125.31 g salt L™') and four times (167.08 g salt L") concentrated synthetic urine was
evaluated to investigate the effect of salt concentration on the parameters of the existing water transport model.
The new finding was that the water penetration into the gauze sheet was not affected by the salt concentration of
synthetic urine, But the saturated vapour pressure drop occurred in evaporation experiment, which is attributed to
high salt concentration of synthetic urine. Accordingly, the existing design procedure was amended by incorpo-
rating the procedure for calculating the saturated vapour pressure based on the Raoult’s Law and the solubility of
salts.

Then, the modified design procedure was applied to assess feasibility of the onsite volume reduction system
for various climates to treat 80% volume of 10 L urine per day. The results showed that OVRS requires suitably
small area if it is to be installed in arid and tropical climate regions. While the areas located in the temperate and
cold climates require relatively larger size of the sheet, thus making the system not effective for those conditions.

In Chapter 5, it is explained that urea hydrolysis of human urine can take place causing release of ammonia
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emissjon in the air resulting into significant environmental pollution. To resolve this issue, various methods
have been reported such as addition of calcium and magnesium salts, addition of acids etc. to control the urea
hydrolysis. One study conducted on urea hydrolysis in soil reported that rate of urea hydrolysis in the soil solution
increased with an increase in urea concentration until a maximum was reached; at higher urea concentrations, the
rate of urea hydrolysis decreased. Keeping in view this assumption, simple storage experiments were performed
to investigate the effect of high concentration of synthetic urine comprising a mixture of salts, urea and creatinine
on inhibition of urea hydrolysis. For this purpose, various concentrations of synthetic urine containing twice,
four times, six time and eight times concentrations with a fecal contamination at 25°C were used. The pH of
the samples was measured periodically as it is an indicator of the urea hydrolysis. The important finding is that
the concentration of urine containing the mixture of salt, urea and creatinine amounting to 227-334 gL.~! in the
synthetic uriie controlled hydrolysis, while the concentration less than 227 gl.~! did not control of hydrolysis.

In Chapter 5, it is also explained that the previously obtained data from short duration experiments of 90 hrs
is not sufficient to decide the sheet replacement frequency, so as to maintain the steady-state evaporation for a
long time of months. Therefore, long-term operation of the OVRS was performed for 80 days to evaluate the
water evaporation efficiency of the same gauze sheet. This was done to make sure whether and when the salt
accumulation in the gauze sheet is going to inhibit the water evaporation rate, 50 as to fix the sheet replacement
frequency. The main finding is that salt accumulation in the sheet or in the urine did not inhibit hydrolysis while
using the same sheet. Therefore, this system can be operated for longer period of 2-3 months maintaining the
same performance level.

In Chapter 5, it is further explained that high salt concentration contained in the synthetic urine can significantly
control urea hydrolysis, therefore, the experiments were performed to evaluate the fate of nitrogen during volume
reduction of urine using the onsite volume reduction system. For this purpose, the OVRS unit was operated
under low as well as moderate evaporating conditions. The concentrations of urea, ammonia and salt in the
liquid as well as air were measured periodically particularly for the moderate evaporating condition as the rapid
salt accumulation can be anticipated in such condition which may affect hydrolysis. Likewise, pH for the both
conditions was also measured periodically. While operating the OVRS unit for moderate evaporating conditions
provided rapid accumulation of significant amount of the salt in the tank resulting into inhibition of urea hydrolysis.
No offensive odour and the ammonia loss in the air were observed inside the onsite volume reduction unit. On the
contrary, pH of the synthetic urine increased to 8.9 indicating the early urea hydrolysis causing offensive odour
and the ammonia loss in the air while operating the system at low evaporating conditions.

In Chapter 6, the preliminary guidelines related to design and operation of the OVRS has been discussed.
In Chapter 7, the main findings of the study have been summarized.

The following contribution could be made for ensuring sustainable sanitation towards society:

* The OVRS is a new method to treat human urine at household level for small communities to ensure sustainable
sanitation in compliance with the UN Millennium Development Goal No: 7C.

» This system is based on the natural atmospheric ¢nergy to resolve its transportation by trucking. 2 m/s wind
velocity is small enough to be obtained in a wind tunnel to evaporate urine using a small size of the gauze sheet.
Thus, it will contribute towards sustainability.

o The water transport model and design procedures of the OVRS have been established, which can be used
for estimating the size of the sheet for any climate conditions. Thus, the system could be applicable for local
conditions.

e By 80% volume reduction of urine per day, we can obtain high concentration of urine in a short time that
provides control of hydrolysis, thus avoiding the pollution in the air and public concern.

o The same gauze sheet can be used in the actual scale OVRS for 2-3- months without any inhibition.
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