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Abstract: Nutrients derived from urine such as nitrogen, phosphorous and 

potassium constitute valuable sources of fertilizers needed for growing plants 

and as alternatives to commercial fertilizers. Concentration of nutrients 

available from urine provides advantages of reducing the volume of 

transportation, the health risk and making nutrient application to soil stable and 

suitable. An exploratory review of a possible technology for concentration of 

nutrients from urine using solar power assisted evaporation and carbon dioxide 

trapping of evaporated ammonia is discussed in this paper as a potentially 

viable technology for concentrating nutrients from urine as well as another 

sequestration option to reduce carbon foot print in the environment. 
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Introduction  

The need for production of nutrients such as nitrogen, 

phosphorus and potassium (NPK) needed for food 

growth is increasing in this modern time because of the 

increase in the world population and the standard of 

living of people. By the end of 2050, the world’s 

population is expected to reach 9 billion (UN, 1999). As 

pressure on land increases, less fertile land is used that 

requires use of fertilizers. Crops grown for bio fuels also 

increase the fertilizer need. 

The value of nutrients derived from urine, such as 

those collected from urine diversion dry toilet (UDDT), 

has been repeatedly demonstrated (Heinonen-Tanski and 

Van Wijk-Sijbesma, 2005; Tidåker et al., 2007;      

Karak and Bhattacharyya, 2011; Makaya et al., 2014). 

Such nutrients were found to be less costly alternatives 

to commercial fertilizers (Esrey et al., 2001). Nutrients 

available from urine are easily absorbed although they 

can also be easily leached away from the soil (except 

crystal forms such as Struvite) by water compared to 

organic compost (Keshay and Chen, 2011). Urine is self-

sterilized at a pH of around 9.0 following hydrolysis, 

largely eliminating health concerns (Höglund et al., 

2002). Storage of urine should be in undiluted form to 

prevent pathogen regrowth and preserve the nutrient 

concentration at high level (Vinnerås et al., 2008).  

Concentration of nutrients from urine would be 

attractive to reduce the transportation cost especially in 

large scale agricultural application to distant sites from 

the urine source. A wide range of urine concentration 

techniques are available including electro-dialysis, 

Nano- filtration (Pronk and Kone, 2010) and Struvite, 

although Struvite excludes potassium and large part of 

the nitrogen from concentration (Ronteltap et al., 2010; 

Antonini et al., 2011; Morales et al., 2013). Other 

nutrient concentration techniques include ion exchange for 

phosphorous (Sendrowski and Boyer, 2013), ammonia 

concentration by zeolite adsorption (Beler-Baykal et al., 

2004; Ganrot et al., 2007) and ammonia stripping  

(Antonini et al., 2011; Behrendt et al., 2002;  

Başakçilardan-Kabakci et al., 2007; Siegrist et al., 2013).  

Concentration of nutrients from urine by evaporation 

requires acidification to prevent ammonia loss. The acid 

requirement would be high as urine pH is around 9.0 

(Udert and Wächter, 2012). Alternative proposals 

include biological nitrification of ammonia (Pronk and 

Cone, 2010) and concentration of ammonia evaporated 

from urine with sulphuric acid (Gulyas et al., 2014) 

which is expensive process. The different concentrations 

techniques have varying degree of concentration some 

partial, some complete. A urine concentration technique 

with carbon dioxide trapping of solar evaporated 

ammonia potentially results in ammonium bicarbonate 
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product together with residue left from evaporation that 

can be suitably combined with the ammonium carbonate 

to provide needed nutrients for plant growth. The 

evaporation can be performed with renewable energy 

source such as using solar concentrators (Tiruneh et al., 

2017; Pronk and Kone, 2010; Antonini et al., 2012b). 

Urine as Nutrient Source 

Urine is a component of wastewater discharge storing 
80% of nitrogen and 50% of phosphorous (Maurer et al., 
2006; Larsen et al., 2009). Wastewater has both organic 
and ammonia nitrogen while phosphorus is in the 
organic and orthophosphate form. It is easier to extract 
nutrients from urine rather than wastewater from the 
viewpoints of technology, health and environmental 
hazards (Tice, 2014). Nitrification and nitrate reduction 
as well as anaerobic/anoxic phosphorous reduction form 
wastewater require extra volume, high residence time 
and sludge recycling. Separating urine form wastewater 
during use eases the disposal requirement away from 
unaffordable conventional technologies particularly for 
developing countries (Larsen et al., 2009; Etter et al., 
2011). Wastewater containing high volume of flush 
water renders the nutrients dilute making their recovery 
difficult (Höglund, 2001).  

Source separation of urine and its reuse assists in 

resource recovery and reducing pollution as a result of 

linear disposal of wastewater (Schuen et al., 2009). 

Although urine contains only 1% of the volume of 

wastewater, it contains most of the nutrients thereby 

providing economical alternative to commercial 

fertilizers (Ronteltap, 2009). The per capita daily 

generation of urine is 1.8-1.5 lit/day, 95% of which is water 

and the remaining 5% contains nitrogen, phosphorus and 

other micronutrients. The urine generated from a single 

person can cover the nutrient requirement of 300-400 m2 of 

land to a level application of 50-100 kg/ha of nitrogen 

(Feineigle, 2011). Urine application should be controlled as 

otherwise excess application of urine increases the salinity 

as well as soil pH compared to commercial fertilizers 

(Srinivasamurthy, 2009). The composition of typical human 

urine is given in Table 1. 

 
Table 1: Composition of urine 

Parameter Range Parameter Range 

pH 4.26-6.81 HCO3
 (meq/L) 5.12-16.64 

Electrical 5.64-8.75 Cl- (meq/L) 22.72-38.76 

condu ctivity  

(dS/cm) 

N (%) 0.21-0.55 Na (%) 0.12-0.34 

P2O5 (%) 0.11-0.3 Zn (mg/L) 16.2-23.8 

K2O (%) 0.12-0.25 Fe (mg/L) 98.60-164.80 

Ca (meq/L) 6.00-26.00 Mn (mg/L) 17.8-27.00 

Mg (meq/L) 15.80-43.50 Cu (mg/L) 41.8-48.78 

S (%) 0.07-0.22   

Source: Srinivasamurthy (2009) 

Sources and uses of Nitrogen and Phosphorus  

Nitrogen is abundant in the atmosphere, with 

atmospheric air consisting of 78% by mass nitrogen. The 

gaseous state of nitrogen means that its abundance is 

spread over the whole world. However, nitrogen molecule 

is strong, triple-bonded with a strong bonding energy 

among the three electron pairs of the two nitrogen atoms. It 

is, therefore relatively inert with little engagement in 

chemical reactions (Maurer et al., 2002). Nitrogen, 

however, is important in living organisms where by the 

DNA, RNA and proteins in all living cells of organisms 

contain nitrogen. Nitrogen is converted to chemically 

reactive forms by biological fixation (blue green algae) 

and chemically through the Haber-Bosch process 

(hydrogen reacts with ammonia) that is used for 

commercial production of fertilizers.  

Phosphorous, discovered in 1669 by Henning Brandt 

(Bryant, 2004), is also a major building block of DNA, 

nerve cells, brain, bone and teeth. It also plays key role 

in energy production where phosphorous is part of the 

ATP and ADP that are sources of energy in biochemical 

reactions. Naturally, the source of phosphorous is limited 

in phosphate rocks, 80% of which is used for fertilizers 

(Steén and Steen, 1998).  

Why Concentrate Nutrients from Urine 

The high volumes of urine generated from toilets are 
difficult to transport to the place of application and 
difficult to store for long because of odour problems. 
Urine collected from crowded settlements need to be 
transported longer distance to find a land where it can be 
applied for growing plants. Direct application of urine on 
plants faces objection due to the odour and the risk to 
plant growth (Miso and Sphuler, 2009). Strong smell is 
produced by ammonia during application of urine to soil 
which can lead to eye irritation; a discouraging factor 
among farmers. Ammonia is also lost from the soil by 
volatilization (Tilley et al., 2009). Compared to nutrients 
applied in solid form, application of urine in liquid form 
facilitates leaching of nutrients from soil, enhancing 
eutrophication problems (Tilley et al., 2009). Direct 
application reduces soils nitrogen fixing capacity (Di et al., 
2002). Micro pollutants (such as pharmaceuticals) and salts 
can also accumulate with time (Maurer et al., 2002).  

Technologies Employed for Nutrient Concentration 

from Urine 

Several technologies are in use for recovering nutrients 

from urine. These include: Ammonia stripping/evaporation, 

Zeolite adsorption, Struvite precipitation, Duck weed 

ponds/aquaculture, Aquaponics, Isobutylaldehyde-Diurea 

(IBDU) Precipitation, Concentrated liquid fertilizer and 

precipitation using Bittern, Electro-dialysis, membrane and 

ozonation processes (Chariar et al., 2011). A brief 

description of these technologies is presented below: 
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Ammonia Stripping/Evaporation 

Ammonia stripping occurs through steam whereby 

the ammonia is being trapped through condensation of 

steam, or, by air stripping process in which the 

ammonia-laden air is washed with acid (Thorndahl, 

1993). In the evaporation process, the evaporated 

ammonia is trapped with acid while a residue of other 

nutrients is left after evaporation. It is shown that 85-

99% evaporation of ammonia occurs at 85°C heating for 

72 h (Gulyas et al., 2014). Stripping by contrast 

reportedly has low percentage recovery, being between 3 

and 12% (Pinnekamp et al., 2007) in which air was used for 

stripping followed by wet scrubbing with sulphuric acid.  

Zeolite Stripping 

Zeolite also called Clinoptilolite (Na2,K2,Ca)3Al6Si30O. 

24H2O) is a known cation exchanger with particular affinity 

for ammonium. Phosphorous is adsorbed while ammonium 

can be trapped through ion exchange (Garnot, n.y.). 

According to Tiruneh et al. (2011), through bench scale 

laboratory experiments, it was found that, after being 

dissolved and washed by running strong sulphuric acid, 

920 mg/l of NH4
+ as solid precipitate and 1287 mg/l of 

NH4
+ in ionic form were found in the Struvite and 

Zeolite adsorption processes respectively from 1250 mL 

of Solar concentrated urine.  

Struvite Precipitation 

Struvite (MgNH4PO4.6H2O) is a white odourless 

solid powder and a good fertilizer. Urine stored for long 

period shows traces of Struvite. Struvite spontaneously 

precipitates at pH of 9 during hydrolysis or more 

generally in the pH range of 7 to 11 with a 1:1:1 molar 

ratio between magnesium, ammonium and phosphate 

(Ronteltap, 2009; Doyle and Parsons, 2002). However, 

minimum solubility of Struvite is achieved at pH = 9 

(Münch and Barr, 2001; Nelson et al., 2003). Struvite’s 

solubility and reaction rate is influenced by temperature, 

the solubility product increasing with temperature 

(Durrant et al., 1999; Aage et al., 1997). Higher 

temperature, therefore, reduces Struvite formation while 

encouraging ammonia volatilization. Struvite formation 

from urine is limited by phosphorus and more especially 

by magnesium requiring extra supplementing of 

magnesium. One Kg of Struvite is generated from 500 

litres of urine (The Swiss Federal Institute of Aquatic 

Science and Technology, (EAWAG, 2009). The 

precipitated Struvite can be separated using nylon or 

cotton bag (Etter et al., 2011). Stored urine produces 

Struvite better than fresh urine (Musabaev, 2015). 

Struvite provides 50% of phosphorous, part of nitrogen and 

all of magnesium needed for plant growth (Antonini et al., 

2012a). Some studies indicated that the supply of 

phosphorous from Struvite was better than commercial 

fertilizers (Ryu et al., 2012; Ghosh et al., 1996).  

Struvite with external magnesium supplement 

precipitates up to 99% of phosphorous but only part of 

nitrogen from urine (Ronteltap, 2009). Additional 

nitrogen source may be needed. Struvite can also 

increase the soil magnesium content as well as the pH to the 

extent of retarding plant growth (Miso and Sphuler, 2009).  

Duckweed Weed Ponds 

Duckweed aquaculture can recover nitrogen and 

phosphorous from wastewater streams. In addition, other 

nutrients are also absorbed including calcium, sodium, 

potassium, magnesium, carbon and chloride from 

wastewater (Les et al., 2002).  

Aquaponics 

Aquaponics combines hydroponics (plant grown 

without soil) and aqua culture. The system proposed is 

that, in place of aquaculture one could use diluted 

human urine for the supply of nutrients (N, P and K) 

to plants (Karli, 2010).  

Isobutylaldehyde-Diurea (IBDU) Precipitation 

IBDU concentration of urine is a form of 

precipitation that requires fresh urine in the form of urea 

reacting with Isobutylaldehyde (IB).  

Precipitation Using Bittern 

Precipitation with bittern involves using the 

remaining liquid after salt extraction from brine much 

like Struvite, aided by the high magnesium content of 

brine (Lee et al., 2003). Bittern is also a cheaper source 

of magnesium (Prabhu and Mutnuri, 2014).  

Electro-Dialysis, Membrane and Ozonation 

Processes 

Electro-dialysis process exposes ion-exchange 

membranes alternately to direct current field whereby the 

cations and anions migrate towards the cathode and 

anode electrodes respectively. Phosphorous is concentrated 

readily through electro dialysis (Zhang et al., 2012). 

Bipolar membranes aid the dissociation of water and salt 

to ion (Bailly, 2002). The combined process of electro 

dialysis with ozonation enables separation of nutrients in 

the concentrate in the form of phosphoric acid and 

ammonium hydroxide (Fewlwss, 2015; Wang et al., 2013).  

Reverse osmosis and Nano filters show high rejection of 

nutrients from urine (Maurer et al., 2006; Pronk et al., 

2006; Blöcher et al., 2012; Niewersch et al., 2014). 

However, membranes are prone to bio fouling (Xie et al., 

2015). Membrane distillation is a thermally assisted 

process that allows water vapour to pass across the 

membrane due to difference in partial pressure of water 



Tesfamariam Y. Debessai et al. / American Journal of Engineering and Applied Sciences 2019, 12 (4): 482.494 

DOI: 10.3844/ajeassp.2019.482.494 

 

485 

while preventing water due to the membrane’s 

hydrophobic properties (Alkhudhiri et al., 2012). 

Ammonia is recovered in the permeate (Zarebska et al., 

2014). Membranes are also combined with bio reactors, 

creating microbial electrolysis cells. Bacteria oxidise 

organics and carry the electrons generated to the anode. 

The application of current allows migration of electrons 

to cathode where hydrogen is released (Liu et al., 2005; 

Rozendal et al., 2006; Logan et al., 2008). By placing 

membranes between the electrodes NH4
+ and HPO4

2 can 

be concentrated from the diluted urine (Tice, 2014).  

Evaluation of Existing Nutrient Concentration 

Technologies from Urine 

According to Rahman et al. (2011), Struvite 

precipitation is found to be most feasible followed by 

Bittern and zeolite adsorption. However Struvite has 

limited nitrogen with non-optimal N: P ratio of 1:1. It 

also requires magnesium supplementation whose 

accumulation in soil can in turn create problems for plant 

growth. Evaporation and stripping process are energy 

intensive and require expensive chemicals for wet 

scrubbing of the ammonia. Ion exchange processes 

require regeneration of the media once exhausted. In 

addition, only part of the nutrients is trapped. They also 

suffer from co-adsorption from other non-target ions that 

limit their capacity. Membrane processes offer the 

potential for complete rejection and high nutrient 

concentration. However, they are expensive and are 

subjected to membrane fouling. Membranes are 

relatively new and emerging technologies for which 

there is limited information available regarding their 

potential (Mehta et al., 2015).  

Health Risks Related to Direct Application of Urine 

Despite the presence of some risk of microbial 

contamination of urine, it rarely constitutes a significant 

public health concern (Höglund, 2001). The human urine 

is sterile in bladder but picks up bacteria during transport 

out of the human body (Tortora et al., 1992). Although 

diseases such as leptospirosis are transmitted by urine 

from infected animals, human urine is not an important 

source (Feachem et al., 1983; CDC, 2000). S. typhi and 

S. paratyphi may occur through excretion in urine but 

the urine-oral route of transmission is unusual. 

Schistosoma haematobium eggs may be excreted in urine 

but the risk is low due to the limited life cycle. 

Mycobacterium tuberculosis and Mycobacterium Bovis 

may be excreted in urine (Grange and Yates, 1992) but 

tuberculosis is mainly transmitted through air. 

Urine has a sterile environment with high pH during 

storage which inactivates pathogen found through cross 

contamination. Gram-negative bacteria such as 

Campylobacter and Salmonella are rapidly inactivated in 

urine. However, the protozoa Cryptosporidium parvum 

requires storage period of about one month for its 

inactivation at 20C (Höglund and Stenström, 1999). 

Viral inactivation requires longer period of storage 

which may be up to or longer than 3 months (Höglund, 

2001). Heavy metals may be introduced into soil during 

urine application but they occur in low concentrations as 

to cause public health risk (Jönsson et al., 2000). Limited 

public health risk also exists due to micro pollutants such 

as hormones and pharmaceuticals (Ronteltap, 2009). 

However, nutrient concentration techniques involving 

heating eliminate pathogens while destroying the hormones 

and pharmaceutical structures that pose health risk. Struvite 

precipitation for example excludes hormones and 

pharmaceuticals, reducing the public health risk.  

Solar Concentration Technology as a Source of 

Energy for Ammonia Volatilization 

Solar concentrators take advantage of the energy 

readily available from the sun and are used for wide 

range of applications such as water heating, distillation, 

solids concentrations, sterilization, etc. Solar 

concentrators also have the advantage of being 

renewable energy resources that do not pollute the 

environment. They also provide competitive cost 

advantage over other sources of energy such as fuel and 

electric powers generated by conventional means. Solar 

concentrators can be of the imaging or non-imaging 

types (Mansi et al., 2013) The Compound solar 

Concentrator (CPC) is a non-imaging type of 

concentrator that concentrates sun ray from a large 

surface onto a much smaller absorber surface. The CPC 

technology developed over time since the 1960s and 

there is a wealth of information available on its 

performance and diverse range of applications (Winston, 

1974; Baranov, 1965; Baranov and Melnikov, 1966; 

Baranov, 1967; Ploke, 1967; Hinterberger and Winston, 

1966a; 1966a; Winston, 1970). Modifications have been 

made for second stage enhancement of solar 

concentration typically applied for complete degradation 

of wastes (Sanchez et al., 2014). The CPC has the 

advantage of concentrating all the rays that fall on it 

without the need to make adjustment to track the sun. 

However, such technology has limited angle of acceptance 

of the sun ray and do not work the entire day. The 

maximum concentration is inversely related to the angle of 

acceptance, an argument that is validated by the 

thermodynamic limits to solar ray concentrations (Rabl 

1976a; 1976b; Winston et al., 2005). CPC concentrators for 

heating purposes are claimed to be able to give working 

temperature in the range 80-100°C for non-evacuated tubes 

and 100-200°C for absorbers with evacuated tubes.  

An example of a modified CPC design that is 

modified to increase the angle of acceptance is illustrated 

in Fig. 1, which consists of an extended four wing 
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system of solar concentrators different from the 

traditional two truncated CPC design. (Tiruneh et al., 

2016). This modified design is also proposed a suitable 

concentration device for providing the heat needed to 

volatilize the ammonia from urine in the ammonium 

bicarbonate concentration generation from urine. 

Referring to Fig. 1, during the early hours of the day the 

right most extended wing of the concentrators sun ray to 

the outer surface of the absorber. This concentration is 

carried out by the left most extended wing during the 

later hours of the day. As the sun progresses to noon in 

between morning and afternoon the middle wings 

concentrate the sun ray to the inside of the absorber.  

An alternative design of a modified four wing 

concentrator is shown in Fig. 2 in which the absorber 

surface is a simplified flat plate. In this particular design 

the focal points of the two internal reflectors coincide 

and are locate at the center of the absorber surface. On 

the other hand the outer wings are pushed outward. In 

other words, in Fig. 2, the right side outer wing focal 

point is pushed from b to a while the left side outer 

wing’s focal point is pushed from c to a.  

 

 
 

Fig. 1: Profile sketch of a four wing compound parabolic collector with v-shaped absorber 
 

 
 

Fig. 2: Alternative profile of compound parabolic concentrator with flat-base absorber 
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Experience of application of the modified four wing 

solar concentrator for heating and sanitization of 

recycled waste products showed successful results 

(Tiruneh et al., 2016). The four-wing CPC was able to 

generate temperature in the range of between 80C- 

100C during most hours of the day. This also translates 

to enhanced performance because of the extended period 

of trapping of the sun radiation. The extended period of 

absorption of this modified design is an advantage 

although it is apparent that during the early morning and 

late afternoon the sun is at a distance and the intensity of 

sun radiation is reduced. Nonetheless, still significant 

absorption of the sun radiation is achieved even in these 

periods. The modified four wing CPC designed is 

especially suitable for concentrating nutrients from urine 

because of the greater thermal conductivity of the urine 

liquid and the low volume applied compared to dry 

faecal matter from toilets. Experiments for concentrating 

the ammonia and phosphorous from urine using the solar 

concentrator were made in which a solid Struvite crystal 

was formed in the presence of additional magnesium 

added to the urine using magnesium oxide crystals. The 

urine was simply poured on the absorber surface which 

also contains the dolomite solids. The excess ammonia 

evaporated leaving a residue that contains also solid 

organic reside from urine as well as some salts.  

Application of the solar concentrator to sanitization 

of solid faecal matter from dry toilets showed 

temperature up to 80C could be attained in the solid 

matter for extended period of time. Examination of both 

urine and faecal matter products after sanitization using 

the solar concentrator show absence of faecal coliforms 

in all the samples tested.  

Exploring the Need for Further Technology 

of Nutrient Concentration from Urine 

While concentration of nutrients from urine is an 

important process that can simplify the application and 

use of urine for fertilizers, the technical and economic 

factors may act as constraints when choosing a suitable 

method for nutrient concentration. Some concentration 

techniques such as Struvite for example require additional 

supplementation of magnesium whereas the level of 

concentration is constrained by the Struvite component 

ratios and such molar ratio of Struvite components may not 

provide the optimum nutrient ratios needed for plant 

growth. Excess magnesium and pH are also mentioned as 

possible side effects that can limit plant growth.  

Adsorption with zeolite may require higher quantity 

of the zeolite cation exchanger, especially if the zeolite 

itself is to be applied as fertilizer. Otherwise, the 

adsorbed ammonium needs to be washed with the 

application of strong acid solutions such as sulphuric 

acid. It may also be necessary to adjust the pH in order 

to optimize the adsorption of ammonium ion. Zeolite 

only leads to ammonium adsorption and should be 

combined with other methods if other nutrients such as 

phosphorus and potassium are to be concentrated. Other 

concentration methods such as electro dialysis are high 

technology applications and may not always be feasible 

from cost and technical requirements point of view.  

Concentration of urine using evaporation is a 

feasible technique but requires prevention of ammonia 

loss such as by the addition of excess quantities of 

acid so that the ammonium ion stays in solution. 

Otherwise, the loss of ammonia may not lead to 

optimum condition for nutrient concentration.  

A suitable technical design that overcomes the 

problem of ammonia loss or the need for excess acid 

addition would be one that involves separate capture of 

ammonia using cheap carbon dioxide source. Once the 

ammonia is completely captured, the remaining volume 

reduction can be carried out by continuing evaporation at 

higher temperature. With this arrangement, it is 

anticipated that optimum condition for nutrient 

concentration can be created without requiring addition 

of chemicals or without the technical sophistication that 

may be difficult to afford or operate.  

Ammonium Bicarbonate: Property, Production and 

use as Fertilizer 

Ammonium bicarbonate (NH4HCO3 or NH5CO3) is a 

mildly basic inorganic compound. It is produced by 

passing carbon dioxide in solution containing ammonia 

(Othmer, 1992): 

 

2 3 2 4 3    CO NH H O NH HCO    

 

The production of ammonium bicarbonate is 

favoured when the molar ratio between ammonia and 

carbon dioxide is 1.0 or greater (Liu et al., 2004): 

 

 

   
2 3 2 4 3 3 2

2 3 2 4 3 3 22

     . /    1.0

 2  .... /   2.0

CO NH H O NH HCO NH CO

CO NH H O NH CO NH CO

    

   
 

 

Ammonium bicarbonate forms through 

crystallization that can be filtered out, washed and dried 

in air. Ammonium bicarbonate is a white crystalline 

solid with a density of 1.59 gm/L, melting point of 

41.9°C and is water-soluble. It is stable at 25°C but 

decomposes above 36C into ammonia, carbon dioxide 

and water endothermically: 

 

4 3 3 2 2   NH HCO NH CO H O    

 

Ammonium bicarbonate was manufactured as 

fertilizer in China but later replaced with other fertilizers. 

During application of ammonium bicarbonate, NH4
+ is 



Tesfamariam Y. Debessai et al. / American Journal of Engineering and Applied Sciences 2019, 12 (4): 482.494 

DOI: 10.3844/ajeassp.2019.482.494 

 

488 

absorbed by the soil and converted to nitrate. The CO2 is 

also needed by plants. The weakness lies in lack of 

stability at high temperature through ammonia 

volatilization. Subsurface or deep soil application is 

suggested to reduce ammonia volatilization.  

Proposed Technique for Ammonia Trapping from 

Urine Using Bicarbonate Chemistry 

Current technology of sequestering carbon dioxide 

emissions include absorption tower in which ammonium 

in solution wet scrubs the carbon dioxide gas. Such 

techniques suffer from tower packing problems due to 

lumps of ammonium bicarbonate cakes, ammonia 

vapour loss with flue gas and low rate of CO2 absorption 

(Zhuang et al., 2012). However, a technique that may be 

more relevant and applicable for producing ammonium 

bicarbonate from urine is a process whereby ammonia is 

existing and is dissolved in water and the carbon dioxide 

is bubbled through the solution containing ammonia 

(liquid bubbling column). In such a process, ammonium 

bicarbonate is produced more sustainably with low 

ammonia slip into the carbon dioxide gas system. 

Figure 3 shows an example of such system that 

utilizes a source of carbon dioxide compressed in a 

cylinder. The cylinder is fitted with a valve as well as 

flow or pressure regulator to control the amount of 

carbon dioxide fed into the reactor. The bubble reactor is 

where the carbon dioxide and ammonia both of which 

are in gas form and are dissolved in water, react. The 

bubble reactor is kept in thermostat controlled constant 

temperature water bath in order to regulate the 

temperature at which precipitation of ammonium 

bicarbonate occurs. Fresh urine collected and containing 

typically 4 grams per litre of ammonia after the process 

of hydrolysis, which occurs naturally, is heated to a 

temperature between 80 and 90 degree Celsius in order 

to volatilize the ammonia out of solution. 
The pH of the urine may further be increased by the 

addition of calcium hydroxide although this is 

considered an optional step but nevertheless can be 

explored further through research. The reaction for 

trapping ammonia as ammonium bicarbonate is 

considered complete once the ammonia is volatilized 

form the urine solution to the maximum limit as 

influenced by the reaction conditions such as heating 

temperature and the pH of the urine in the bubble 

reactor. The remaining solution in the urine is boiled 

further in order to concentrate the residual nutrients such 

as potassium, phosphorus and possibly some of the 

ammonium ion that could not be volatilized through the 

earlier, ammonia volatilization process. It is anticipated 

that this final process of boiling eliminates any 

pathogens resident in the urine either from the urine 

itself or from cross contamination with faecal material. 

Furthermore, pharmaceutical and cytotoxic agents may 

be degraded by such thermal process, hence reducing the 

associated risks from them.  

Objective and Study Design for Ammonia Trapping 

from Urine Using Bicarbonate Chemistry 

The objective of setting up technical design for 

ammonia trapping from urine using evaporation and 

bicarbonate chemistry centres around evaluating the 

technical and cost efficiency of CO2 capture of ammonia 

and the nutrient value that can be derived from the 

process. Different sources of cheap carbon dioxide 

sources can be tried for such design. Operational 

parameters such as pH, temperature, etc., can be 

optimised to obtain stable, maximum crystallisation and 

ammonia capture. In addition, the extent of ammonia 

captured and the proportion of evaporated residues that 

can be combined with ammonium carbonate crystal 

produced can be explored for maximum yield of plants 

grown with such products while minimising the effects 

of undesirable salts present in the evaporated residue. 

It is anticipated that this form of nutrient 

concentration through evaporation combined with carbon 

dioxide capture of ammonia offers technically simpler 

and economically attractive alternative to a number of 

available nutrient concentration technologies. The 

traditional setup of industrial production of ammonium 

bicarbonate fertilizer is using atmospheric air as source 

of nitrogen whereas methane is employed as source of 

hydrogen. The two ingredients are reacted through a high 

temperature catalytic reaction to produce ammonia. Such 

technological setup is not directly transferrable to 

application for concentrating nutrients from urine. In the 

case of urine, ammonia is readily available and need only 

be trapped. It is, therefore, necessary to design a system of 

nutrient trapping in order to determine the feasibility of 

concentrating nutrients as well as evaluate the 

performance of the setup under different environmental 

conditions such as pH, temperature, source of CO2, etc.  

A feasible technical setup involves a bubble 

reactor in which the ammonia volatilised from urine 

by heating process will be made to react with carbon 

dioxide in the bubble reactor. The reaction produces 

ammonium bicarbonate solid. The urine is heated 

further in order to concentrate the remaining nutrients. 

Fresh or stored samples of urine needed for the 

experimental trials should be collected possibly from 

available urine diversion dry toilets. The extent of 

nutrient concentration obtained should be determined 

by analysing the captured nutrients such as nitrogen, 

phosphorus and potassium. The constituents of urine 

used in the experiments should also be determined 

using established chemical procedures. 
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Fig. 3: A bubble reactor for the production of ammonium bicarbonate from urine and carbon dioxide gas supplied from cylinder 

 

 
 
Fig. 4: A bubble reactor for the production of ammonium bicarbonate from urine and carbon dioxide powered by four wing 

compound parabolic concentrator 

 

Technical Setup for Ammonia Trapping from Urine 

Using Bicarbonate Chemistry 

The prototype set up for the trapping of ammonia 

from urine and concentrating the residual nutrients is 

shown in the schematic diagram of Fig. 4. The source of 

carbon dioxide considered is varied. This involves 

compressed gas cylinder, which may be locally available 

as industrial by-product, for example, from distilleries. 

In addition, other cheaper alternatives can be considered 

for the source of carbon dioxide, such as a reactor 

involving vinegar and baking soda. The pilot apparatus 

can be modified accordingly in order to accommodate 

these differing sources of carbon dioxide.  

The amount of carbon dioxide supplied to the bubble 
reactor can be regulated using pressure or mass flow 
controller. In such a case, it will be assumed that the 
carbon dioxide is supplied in batch mode and there is no 
excess disposal/venting of the carbon dioxide out of the 
bubble reactor. This also means that the bubble reactor is 

a closed system and what is given off as carbon dioxide 
from the compressed cylinder (where it is used as a 
source) will be completely utilized for the reaction. In 
the option where venting line is provided for the excess 
carbon dioxide, it will be assumed the system is open yet 
the bubble reactor takes place under saturated conditions 

with respect to carbon dioxide. In any case, it is not 
desired to limit the reaction with shortage of carbon 
dioxide and such saturated conditions are necessary.  
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Table 2: Parameters and their method of determination for the 

concentrated nutrient samples  

No. Parameter Method of determination 

1 Nitrogen Kjeldahl method 

2 Phosphorus Spectrophotometric method 

3 Potassium Flame photometric/(Atomic 

  absorption spectrometric- 

  AAS) method 

4 Electrical conductivity Potentiometric using 

  conductivity meter 

5 Total dissolved solids Gravimetric method 

6 Sodium Flame photometric/ 

  AAS method 

7 Calcium AAS method 

8 Magnesium AAS method 

9 pH Potentiometric method 

  with glass electrode 

7 COD Dichromate digestion method 

9 Chloride Argentometric titration/ion 

  chromatography 

 

The carbon dioxide capture of ammonia is to be 

carried out by evaporative release of ammonia from the 

urine sample by heating achieved with the provision of a 

four wing compound parabolic concentrator (Fig. 4). The 

CPC design is a low cost reliable as well as renewable 

energy source that offers an advantage over other types 

of energy sources. A controlled flow of urine from the 

urine storage tank to the solar concentrator absorber pipe 

is made through gravity flow via transparent pipe. The 

volatile ammonia leaves the absorber pipe through a 

vertical pipe and enters the bubble reactor as shown in 

Fig. 4. The subsequent reaction of the ammonia released 

with external source of carbon dioxide provided in 

another vessel provided as a bubble reactor. The 

concentration of the remaining nutrients once the 

ammonia is captured is carried out by continuing the 

heating at boiling temperature of water. This will help in 

concentrating the remaining nutrients in the urine once the 

ammonia is volatilized and captured. The pH and 

temperature of the reaction will be monitored. In addition, 

the precipitated ammonium carbonate or bicarbonate will 

be filtered, dried, weighed and analysed for ammonia 

nitrogen using the procedure described in section 3.5. 

The parameters given in Table 2 will help in 

assessing the nutrient content of the concentrated urine 

following the procedure described above. Nitrogen, 

phosphorus and potassium are the NPK nutrients directly 

needed by plants for growth. Following the experiment 

for concentration of urine and ammonia capture, analysis 

can be made of the concentrated samples for these 

parameters. The pH is a parameter that is necessary for 

monitoring the process in both the heating of the urine 

sample as well as reaction in the bubble reactor. The 

electrical conductivity and total dissolved solids are 

indirect indicators of the extent of salinity present in the 

soil, which can negatively affect the soil and plant 

growth both in the long and short term. Chemical 

Oxygen Demand (COD) is analysed to determine the 

organic matter present in the concentrated urine samples. 

The presence of organic matter helps in conditioning the 

soil, improving the permeability and water holding 

capacity of the soil to which nutrients generated from 

urine are applied as fertilizer. Analyses for sodium, 

magnesium and calcium will help in estimating the 

sodium absorption ratio of the concentrated nutrient. 

Chloride will be monitored as it can also negatively 

affect plant growth. 

Determination of the Ammonium Bicarbonate 

Produced 

The experimental method for the determination of 

ammonium bicarbonate can be carried out by 

determining the associated ammonia component through 

back-titration procedure (CSS, 1992). The ammonium 

bicarbonate crystal produced is distilled in alkaline 

solution and the distilled ammonia is absorbed in 

standard sulphuric acid solution. The excess sulphuric 

acid is back titrated with standard sodium hydroxide 

solution. The nitrogen present in ammonia will be 

calculated from the consumption of the standard 

sulphuric acid. An alternative procedure is mixing the 

ammonium bicarbonate product in excess sulphuric acid 

solution and titrating the unreacted sulphuric acid using 

sodium hydroxide (GB-3559-92, 1992).  

Care should be taken through proper experimental set 

up, use of standard procedures for laboratory 

determination of parameters listed in Table 2 and 

calibration of the experiment against known standards. 

Experiments need to be repeatedly run under different 

environmental conditions and all information 

accompanying the experiments should be properly 

recorded to ensure traceability of the results obtained as 

well as help in the analysis and interpretation of data. All 

the urine samples collected should be treated as potential 

microbial risks and adequate precaution should be 

observed both during sample collection, sample 

transportation as well as experimental analysis 

Conclusion 

Nutrients derived from urine are considered as 

possible alternatives to commercial fertilizers that are 

expensive to produce and have high carbon foot print in 

production. Urine is self-sterilised and contains 

important nutrients needed for plant growth. 

Concentration of nutrients reduces transportation 

requirement, loss by leaching and ammonia 

volatilization as well as making the application of urine 

to agriculture aesthetically acceptable to farmers. A urine 

concentration technique that combines solar evaporation 

of urine with a cheap carbon dioxide trapping of the 
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ammonia would be a suitable low cost alternative in 

which the ammonium bicarbonate produced can be 

suitably combined with the residue after evaporation to 

provide the needed ingredients for optimum plant 

growth. The ammonium carbonate produced provides 

both ammonium and carbon dioxide needed for plant 

growth. The process of heating can be powered by a 

solar concentrator, a renewable energy resource. During 

evaporation the heating eliminates pathogens as well as 

the structure of micro pollutants and cytotoxic agents 

that may pose health risk.  
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