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Wastewater management
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Cleantech for wastewater 

treatment of the future

In wastewater treatment, environmentally sound and resource-efficient technologies 

should also exploit the resources contained in wastewater itself. Radically new approaches 

such as urine source separation and the recovery of nutrients for urine-based fertilizers 

point the way to a future which goes beyond conventional sewers and wastewater treat-

ment plants.

The Federal Council’s Swiss Cleantech Masterplan is designed 

to promote technologies that help to preserve natural resources 

and the environment. As well as relieving pressure on the environ-

ment, the initiative aims to strengthen the capacity for innovation 

and the country’s export industry. In the research sector, the 

Masterplan calls for expansion of the cleantech knowledge base 

and improvement of knowledge and technology transfer between 

higher education institutions and industry (http://www.cleantech.

admin.ch/cleantech).

Eawag has long been concerned with the question of what 

forms resource-efficient wastewater treatment could take, and 

where markets for such technologies exist. We have now started 

to develop solutions of this kind and to seek industrial partners for 

commercialization.

Resources in urban water management. In recent years, 

Eawag’s research in the field of resource-oriented urban water 

management has been largely shaped by global resource issues 

since, comparatively speaking, Switzerland’s drinking water sup-

ply and wastewater disposal systems are of a high standard and 

its surface waters are of excellent quality. However, in addressing 

global issues, the goal has also been (and still is) to find solutions 

that are less costly and offer greater benefits for Switzerland as 

well [1].

Key ideas referred to in the Cleantech Masterplan, such as 

sustainable use of resources, efficient processes, limited environ-

mental impact and cost-effectiveness are also applicable to the 

urban water management sector. But compared to the production 

of goods, the requirements for sustainable environmental technol-

ogies are more complex: the aim is not only to optimize the use 

of resources in wastewater treatment, and its cost-effectiveness, 

but also to exploit the resources contained in wastewater and 

to protect natural resources such as receiving waters and the 

atmosphere (Fig. 1). To date, unfortunately, most approaches have 

focused on just one part of the wastewater system, while ignoring 

the other aspects. What is needed, however, is a shift away from 

this sectoral way of thinking towards a holistic approach, encom-

passing the optimization of all areas and resources. Only then can 

we claim to be developing sustainable technologies.

Inadequate nutrient removal. The conventional “end-of-pipe” 

approach is based on the drainage of mixed wastewater from 

households and industry via the sewer network and subsequent 

treatment at centralized plants. In recent years, numerous prob-

lems associated with this approach have been identified. For ex-

ample, a great deal of wastewater research in this area has been 

concerned with the removal of nutrients at wastewater treatment 

plants (WWTPs) in order to avoid eutrophication of surface waters 

due to discharges of nitrogen and phosphorus. However, a recent 

study demonstrates that, from a global perspective, nitrogen and 

phosphorus removal efforts are inadequate, with a very small 

proportion of these nutrients actually being removed from waste-

water (Fig. 2). This is likely to remain the case in the coming dec-

ades. Although the authors estimate that the capacity of WWTPs 

to remove nutrients will increase fourfold from 2000 to 2050, 

this is by no means sufficient to deal with the rise in nutrient 

inputs to wastewater driven by population growth and changes 

in diet. Using model calculations, they showed that the resultant 

nitrogen and phosphorus emissions from wastewater will almost 

double over this period. Building WWTPs and sewer networks is 

a costly and lengthy enterprise – and often impossible in practice, 

especially in rapidly expanding urban areas.

Increased water scarcity in future. The Cleantech Masterplan 

assumes that, owing to climate change, many resources could be-

come scarce in the future. This is particularly true of freshwater. 

For example, depending on the climate scenario, experts predict 

Fig. 1: In the development of sustainable technologies for urban water man-

agement, various kinds of resources need to be taken into account.
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quires large amounts of water. For example, a minimum flow 

is needed in sewers to allow substances in wastewater to be 

reliably transported to WWTPs.

A striking illustration of what can happen when insufficient 

water flows through a sewer network is provided by experience in 

Phoenix, Arizona [5]. Here, owing to water shortages, water was 

diverted from sewers for reclamation, leaving solids to accumu-

late within the system. As a result, the concentrated wastewater 

became anaerobic, causing hydrogen sulphide to form, as is also 

known to occur in pressurized pipelines. The gaseous hydrogen 

sulphide reacted with oxygen on dry sewer walls to form sulphu-

ric acid, leading to extensive corrosion damage.

Today, to ensure that sewers remain functional even with 

low water levels and to prevent corrosion damage, nitrate is 

sometimes added to wastewater. However, as well as increasing 

operating costs, nitrate dosing only intensifies the adverse effects 

caused by the already high levels of nitrogen pollution from waste-

water and agricultural sources, and inadvertently creates new 

problems (e. g. in the denitrification process at the WWTP) [6].

The question thus arises whether, in regions which may be-

come water-stressed, there is any point in building a sewer net-

work if it may never function properly because of a lack of water.

From urine to fertilizer. What alternatives are available? With 

the Novaquatis project, Eawag has been working for some time 

on radically new wastewater treatment concepts, designed to 

address the various aspects of resource scarcity [7]. These 

are based on the separation of wastewater streams at source 

(see Box). With this approach, it is easier to integrate resource-

efficient processes – e. g. for recovering nutrients or reducing 

water use – than with the mixed-wastewater, end-of-pipe system.

As with all fundamental changes to a well-established system, 

it will take time for these new ideas to be widely adopted. At 

present, demand for these technologies exists mainly in areas 

where resources are already scarce and a waterborne sewage 

system along Western European lines is not an option – for ex-

ample in some suburbs of Durban (South Africa).

Here, based on the experience gained through Novaquatis, 

Eawag is collaborating with the local service provider (eThek-

wini Water and Sanitation) and the University of KwaZulu-Natal 

on the VUNA nutrient harvesting project (www.eawag.ch/vuna). 

In the Durban region, a large and rapidly growing section of the 

population does not have connections to a sewer network with 

a centralized WWTP. For this part of the population, wastewater 

management in future is to involve dry toilets, with urine source 

separation. In addition, the nutrients nitrogen, phosphorus and 

potassium are to be extracted from urine in small reactors and 

used to produce a fertilizer. At present, urine seeps into the 

ground unused, threatening the safety of water supplies from a 

nearby lake.

The treatment being developed by VUNA project leader Kai 

Udert consists of biological nitrification (oxidization of part of 

the ammonium in urine to nitrate), followed by evaporation. The 

product of this process is a urine-based fertilizer composed of 

ammonium nitrate and other active fertilizer components (phos-

phorus and potassium). Although the project was only launched 

a short time ago, it is already clear that the technology works in 

principle in the laboratory and can be used to produce a fertilizer. 

How the system can be implemented in practice will become 

apparent in due course.

The process already has a reasonable energy balance, al-

though there is still room for optimization before it can compete 

with large-scale treatment plants (Table 1). However, while the 

costs of such plants would be prohibitive in poor regions, solar 

power could well be used to meet the energy requirements of 

small-scale decentralized systems.

Success dependent on cost-effectiveness. But ultimately it will 

be the cost-effectiveness of the process that determines whether 

the technology is actually deployed. For this reason, VUNA re-

Urine source separation for nutrient recycling

Technically, urine source separation is a simple 

 concept: for example, with a special “NoMix” toilet, 

urine can be separately drained and collected. 

 Because urine accounts for most of the nutrients 

found in wastewater, separate urine treatment  

can replace the entire process of nutrient removal 

at the WWTP. In addition, with a concentrated 

 solution, nutrients can be processed so as to pro-

duce fertilizers, helping to close the nutrient cycle. 

The opportunities and risks of this technology  

were investigated in detail in Eawag’s Novaquatis 

project.

www.novaquatis.eawag.ch

In the laboratory, process engineer Kai Udert is testing various reactors for the 

removal of nutrients and contaminants from urine.
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searchers are investigating whether the nutrients recovered from 

urine provide a significant economic incentive to use and main-

tain the sanitation facilities. For example, on the basis of rough 

estimates, the monetary value of nutrients recovered from urine 

appears initially to be low, but it is significant compared to the 

costs of wastewater treatment in developing countries (Table 2). 

This estimation is however subject to substantial uncertainties. 

Firstly, there is wide variation in global market prices: while prices 

were stable and very low at the beginning of the last decade, 

recent years have seen major price fluctuations, mainly reflecting 

increased demand. In addition, nitrogen in the form of ammonium 

nitrate is twice as expensive as it is in the form of ammonia. 

Secondly, given the lack of data on nutrient excretion in Africa, 

European data had to be used.

From a technical viewpoint, efforts in the VUNA project are 

currently focused on product safety. According to analyses carried 

out at the Fraunhofer Institute in Munich, the fertilizer product 

has similar properties to pure ammonium nitrate – which is ther-

mally unstable. Its stability is further reduced by sodium chloride 

residues and organic contaminants. As the urine-based fertilizer 

contains less than 28 per cent nitrogen, it would in fact already 

comply with Swiss and EU regulations. Nonetheless, Eawag 

is seeking to further improve the thermal stability by removing 

organic substances and possibly also sodium chloride from the 

product. This would also make the fertilizer easier to store and 

prevent possible adverse effects of pharmaceutical residues and 

sodium chloride in agriculture.

For both nitrification and evaporation, contacts have been 

established with companies interested in developing and produc-

ing appropriate reactors. This suggests that the potential of urine 

source separation and associated nutrient recycling is now also 

– slowly but surely – being recognized in practice. Of particular rel-

evance for the time being are those international markets where 

the demand for innovative wastewater management solutions is 

greatest. But at some point, approaches of this kind may also be 

seriously contemplated in Switzerland. In this country, we are in 

the meantime waiting for more mature NoMix toilets which would 

allow pilot projects to be conducted on a larger scale in private 

households. A concrete development project is now under way in 

the sanitary industry. i i i
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  Nitrogen 

(N)

Phosphorus 

(P)

N + P

Energy value of fertilizer –5.2 – 0.34 –5.5

Energy for wastewater treatment  

(large plant)

–5.2 – 0.57 –5.8

Energy for nitrification (small reactor) 2.1 9.0

Energy for evaporation  

(85 % energy recovery)

20.0

Total (watts per person) 17.7

Table 1: Energy balance for nitrification and evaporation of urine (primary 

 energy in watts per person). It is assumed that 1.5 l urine with 10 g nitrogen 

and 1 g phosphorus is produced per person per day [8]. Energy savings are 

 expressed in negative terms.

Table 2: Rough estimate of the monetary value of the nutrients nitrogen, 

 phosphorus and potassium in urine (in US cents per person per day in Africa). 

Assumptions: 10 g nitrogen, 1 g phosphorus and 2.5 g potassium are excreted 

in urine per person per day; the retail price is 2.7 times the global market price 

(after [9]).

2000 (Low) 2011 (Q1) 2008 (Peak)

Nitrogen (N) 0.97 2.3 5.8

Phosphorus (P) 0.16 0.58 1.0

Potassium (K) 0.14 0.51 1.1

Total (US cents) 1.3 3.4 7.9


