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Aim of this presentation:
 To introduce the source separation of domestic wastewater
 To discuss urine separation (yellow water separation) as a more
sustainable wastewater management option
 To summarize what has been done to overcome the disadvantages and
risks

WASTEWATER TREATMENT
Traditional aim to enable wastewater to be disposed safely,
without being a danger to public health and without polluting
watercourses or causing other nuisance.
More?
To recover energy, nutrients, water, and other valuable resources
from wastewater.
Is it possible?
Yes/No
Wastewater treatment
conventional centralized systems
decentralized systems

Why do we want to recover energy,
nutrients, water?
SUSTAINABLE DEVELOPMENT
World Commission on Environment and Development (1987): “development
that meets the needs of the present generation without compromising the
ability of future generations to meet their own needs”.
All individuals have equal rights, whether living today or in future.
Sustainable Development:
economy, environment and well-being can no longer be separated.
3 main character of sustainability: economic, environmental and social-cultural

Let’s come back to WWTSs
How can we compare WWTSs in
terms of sustainability?
 ECONOMICAL INDICATORS: Costs, labour
 ENVIRONMENTAL INDICATORS: Resource utilization-reuse(?),
Sludge/waste production, use of chemicals, accumulation,
biodiversity, land area required, emissions, pathogen removal,
lifetime of the system …
 SOCIAL-CULTURAL INDICATORS: Acceptance, local development,
participation
…
SUSTAINABLE
WATER SYSTEM (=SMART SYSTEM)
- ENERGY (GENERATION, RECOVERY)
- NUTRIENT (RECOVERY)
- WATER (RE-USE)

How can we obtain a more
sustainable wastewater treatment?





Clean water (flush water) is lowered,
Nutrients are recovered with higher efficiency,
Cost of the technology is lowered,
The technology used for treating and recovering the
wastewater has a long lifetime,
 The amount of sludge is reduced,
 The amount of by-products such as biogas, biomass, compost
etc. is maximized.

A more sustainable wastewater
treatment system
A system that minimizes cost, energy consumption, land area
while maximizing performance.

Small decentralized systems with different kinds of treatment
Separating the streams of household
wastewater and processing the streams
separately has many advantages:
- it reduces eutrophication,
- it decreases the production of mineral
fertilizers by increasing nutrient
recycling,
- it decreases the amount of fresh water
used for flushing,
- and saves energy.
http://www.unep.or.jp/ietc/publications/freshwater/sb_summary/2.asp

Why urine separation?
Urine

Faeces

 Human urine is the largest contributor of

nutrients to household wastewater. 80% of
N and 50% of P from domestic wastewater at 
treatment plants is contained in urine
 The major ingredient of urine is water

(nearly 95%), the rest is urea, sodium,
potassium, phosphates, sulfates, creatinine, 
uric acid, calcium and magnesium
 Pathogenic bacteria content is low in urine
when compared with faeces.


The second largest contributor of nitrogen and
phosphorus to household wastewater is faeces.
17% of faecal nitrogen is contained in the bacterial
fraction.
About 10% is found as ammonia from the
degradation of urea, peptides and amino acids.
The remaining part is found in different organic
compounds such as uric acid and different
enzymes.
But only the 50% of nutrients are water soluble or
in other words plant available.
 The major part of the heavy metals excreted in the
faeces.

How do we separate urine from the
household water and collect?
 Example: Sweden research studies
Unlike classical toilets, a separating
toilet separates the urine and faeces in
the toilet itself.
After the urine is separated in toilets,
it passes through a separate pipe
system to a holding tank which is
connected to one or more households.
The urine is collected and
transported by a tank truck or suction
truck to storage tanks which are often
located deep in the ground.
 Example: Swiss research studies
 Many researchers proposed to use
the existing pipeline for transporting the
stored urine to a treatment unit. Urine is
intended to be transported at nights.

Höglund, C. (2001). Evaluation of microbial health risks associated
with the reuse of source separated human urine. PhD thesis,
Department of Biotechnology, Royal Institute of Technology,
Stockholm, Sweden. ISBN 91-7283-039-5.

http://www.who.int/water_sanitation_health/wastewater/urineguidelines.pdf

Any difficulties?
The difficulties and risks are:
 difficulties in using the toilets,
 difficulties in storage,
 difficulties in transportation,
 difficulties in farmland application,
 risk of pathogenic bacteria transmission,
 risk of pharmaceutical and hormonal residues transmission.

What has been done to overcome
the obstacles?

 To reduce the volume of urine  freezing
Nearly 80% of both nitrogen and phosphorus was concentrated in 25% of the volume.
 To recover nitrogen evaporation of nonhydrolyzed urine
78 °C, 200mbar, viscous solution of 10%N
 To reduce the ammonia evaporation acidification (sulphuric acid, acetic acid, hydrochloric
acid)
Ammonia evaporation was reduced. Acidification was found to be a useful method where
sulphuric acid was more efficient than acetic acid. Urea in urine samples stored either frozen or
frozen after addition of thymol or hydrochloric acid was stable for 7 days.
 To reduce the risks (infection from rotavirus) related to the reuse of source separated urine
storing at low temperature (4°C)
Risks related to the reuse of source separated human urine were low except for possible
infections from rotavirus when the urine is either unstored or stored at low temperature (4˚C).
 To recover P and N in source separated urine  precipitation of MgNH3PO4.6H2O
Nearly 98% of PO43--P and 40% of NH3-N was recovered by this method. Optimum reaction pH
was found as 9,5.
 To eliminate the contamination of separated human urine with faeces and to lower the flush
water (clean water) consumption designing different toilets
With the new designs 50% of the flush water was saved when compared with conventional
toilets.
 To understand the precipitation potential of urine in pipes during transportation 
simulation program (to simulate precipitation)

What has been done to overcome
the obstacles?
 To recover NH3-N  stripping (with air)and absorption (in sulphuric acid) to obtain
ammonium sulphate.
 To transport urine  studies on existing sewer network
 To recover urea in urine precipitation of isobutylaldehyde-di-urea (fertilizer)
 To recover N  MgNH3PO4 precipitation together with adsorption onto wollastonite and
zeolite.
65-80% nitrogen recovery
 To investigate the different uses of separately collected human urine  culturing of green
algae.
It was possible to culture algae and zooplankton to feed fish larvae.
 To investigate the social acceptance of a “urine based fertilizer” survey
The whole concept of urine separation is accepted only if the comfort of living and the
expenses of new technology are same as conventional ones.
 To evaluate the potential use of urine in aquaculture systems  toxicological tests (with
Daphnia magna)
It was concluded that fresh and stored urine are highly toxic for Daphnia magna. High pH and
high ammonia concentration are reported to be the main reasons for the toxicity. Same study
also revealed that, urine which was remained after struvite precipitation and zeolite
adsorption was highly toxic for Daphnia magna.

What has been done to overcome
the obstacles?
 To investigate the benefits and the drawbacks of urine separation
systems  simulation program ORWARE
 To apply the source separation system  urine separation was
applied in an ecological village.
 To understand the possible interaction of tetracycline with struvite 
adsorption and co-precipitation of tetracycline
Approximately 17 to 22% of the tetracycline was precipitated from the
magnesium ammonium hexahydrate solution containing tetracycline.
 To compare the wastewater treatment and urine separation  Life
cycle assessment of centralized wastewater treatment and urine
source separation with struvite precipitation
 To understand the public acceptance surveys were done in different
countries

Conclusions
 Urine source separation is still very immature
 Suitability of different approaches should be investigated.

References
 Adamsson, M., 2000. Potential use of human urine by greenhouse culturing of microalgae
(Scenedesmus acuminatus), zooplankton (Daphnia magna) and tomatoes (Lycopersicon).
Ecological Engineering, 16, 243-254.
 Almeida, M.C., Butler, D., Friedler, E., 1999. At source domestic wastewater quality. Urban
Water, 1, 49-55.
 Bán, Z.S. and Dave, G., 2004. Laboratory studies on recovery of N and P from human urine
through struvite crystallization and zeolite adsorption. Environmental Technology, 25, 111121.
 Başakçılardan-Kabakçı, S., 2005. Nutrient recovery from source separated human urine.
PhD Thesis, Istanbul Technical University, Chemical Engineering Department.
 Başakçılardan-Kabakçı, S., Ipekoğlu, A.N., Talınlı, I., 2007 (a). Precipitation of urinary
phosphate. Environmental Engineering Science, volume 24, number 10, 1399-1408.
 Başakçılardan-Kabakçı, S., Ipekoğlu, A.N., Talınlı, I., 2007(b). Recovery of ammonia from
human urine by stripping and absorption. Environmental Engineering Science, volume 24,
no 5, 615-624.
 Başakçılardan-Kabakçı, S., Thompson, A., Cartmell, E., Le Corre, K., 2007(c). Adsorption
and precipitation of tetracycline with struvite. Water Environment Research, volume 79,
number 13, 2552-2556.
 Behrendt J., Arevalo E., Gulyas H., Niederste-Hollenberg J., Niemiec A., Zhou J.,
Otterpohl R., 2002. Production of value added products from separately collected urine.
Water Science and Technology, 46, 6-7, 341-346.

Cont.


















Berndtsson J C, Hyvönen I., 2002. Are there sustainable alternatives to water-based sanitation system? Practical
illustrations and policy issues. Water Policy, 4, 515-530.
Bound, J.P., Voulvoulis, N., 2004. Pharmaceuticals in the aquatic environment – a comparison of risk assessment
strategies. Chemosphere, 56, 11, 1143-1155.
Butler, D. and Parkinson, J., 1997. Towards sustainable urban drainage. Water Science and Technology, 35, 9, 53-63.
Hanæus, J., Hellström, D., Johansson, E., 1997. A study of a urine separation system in an ecological village in northern
Sweden. Water Science and Technology, 35, 9, 153-160.
Heberer, T., 2002. Tracking persistent pharmaceutical residues from municipal sewage to drinking water. Journal of
Hydrology, 266, 175-189.
Heinonen-Tanski, H. and Wijk-Sijbesma, C.V., 2005. Human excreta for plant production. Bioresource technology, 96, 403411.
Hellström, D. and Kärmann, E. 1997. Exergy anaysis and nutrient flows of various sewarage systems. Water Science and
Technology, 35, 9, 135-144.
Hellström, D., Johansson, E., Grennberg, K., 1999. Storage of human urine: acidification as a method to inhibit
decomposition of urea. Ecological Engineering, 12, 253-269.
Hellström, D., Jeppson, U., Kärmann, E., 2000. A framework for systems analysis of sustainable urban water
management. Environmental Impact Assessment Review, 20, 311-321.
Henze, M., 1997. Waste design for households with respect to water, organics and nutrients. Water Science and
Technology, 35, 9, 113-120.
Höglund, C., Vinnerås, B., Stenström, T.A., Jönsson, H., 2000. Variation of chemical and microbial parameters in
collection and storage tanks for source separated human urine. J. Environ. Sci. Health A, 35, 8, 1463-1475.
Jönsson, H., Stenstrom, T.A., Svensson, J., Sundin, A., 1997. Source separated urine- nutrient and heavy metal content,
water saving and faecal contamination. Water Science and Technology, 35, 9, 145-152.
Jørgensen, S.E., Halling-Sørensen, B., 2000. Drugs in the environment. Chemosphere, 40, 691-699.
Kärmann, E., 2001. Strategies towards sustainable wastewater management. Urban Water, 3, 63-72.
Krebs, P. and Larsen, T.A., 1997. Guiding the development of urban drainage systems by sustainability criteria. Water
Science and Technology, 35, 9, 89-98.

Cont.
 Larsen, T.A., Peters, I., Alder, A., Eggen, R., Maurer, M., Muncke, J., 2001. The toilet for sustainable
wastewater management. Environmental Sience & Technology, May 1, 193-197.
 Larsen, T.A., Lienert, J., Joss, A., Siegrist, H., 2004. How to avoid pharmaceuticals in the aquatic
environment. Journal of Biotechnology, 113, 295-304.
 Lier J.B.V. and Lettinga G., 1999. Appropriate technologies for effective management of industrial and
domestic wastewaters: the decentralized approach. Water Science and Technology, 40, 7, 171-183.
 Lind, B.B., Ban, Z., Bydén, S., 2000. Nutrient recovery from human urine by struvite crystallization with
ammonia adsorption on zeolite and wollastonite. Bioresource Technology, 73, 169-174.
 Lind, B.B., Ban, Z., Bydén, S., 2001. Volume reduction and concentration of nutrients in human urine.
Ecological Engineering, 16, 561-566.
 Otterpohl, R., Grottker, M., Lange, J., 1997. Sustainable water and waste management in urban areas.
Water Science and Technology, 35, 9, 121-133.
 Otterpohl, R., 2002. Options for alternative types of sewarage and treatment systems directed to
improvement of the overall performance. Water Science and Technology, 45, 3, 149-158.
 Pahl-Wostl, C., Schönborn, A., Willi, N., Muncke, J., Larsen, T.A., 2003. Investigating consumer attitudes
towards the new technology of urine separation. Water Science and Technology, 48, 1, 57-65.
 Parkinson, J. and Tayler, K., 2003. Decentralized wastewater management in peri-urban areas in lowincome countries. Environment & Urbanization, 15, 1, 75-90.
 Rauch, W., Brockmann, D., Peters, I., Larsen, T., Gujer, W., 2003. Combining urine separation with waste
design: an analysis using a stochastic model for urine production. Water Research, 37, 681-689.
 Roeleveld, P.J., Klapwijk, A., Eggels, P.G., Rulkens, W.H., Starkenburg, W., 1997. Sustainability of
municipal wastewater treatment. Water Science and Technology, 35, 10, 221-228.
 Sedlak, D.L., Gray, J.L., Pinkston, K.E., 2000. Understanding microcontaminants in recycled water.
Environmental Science and Technology, 34, 23, 508A-515A.

Cont.

 Sedlak, D.L., Pinkston, K.E., 2001. Factors affecting the concentrations of pharmacuticals released to the
aquatic environment. 2nd International Conference on Pharmaceuticals and Endocrine Disrupting
Chemicals in Water, Minnesota, 36-45.
 Siener, R., Hesse, A., 2002. The effect of different diets on urine composition and risk of calcium oxalate
crystallisation in healthy subjects. European Urology, 42, 289-296.
 Soliman, S.A., Abdel-Hay, M.H., Sulaiman, M.I., Tayeb, O.S., 1986. Stability of creatinine, urea and uric
acid in urine stored under various conditions. Clinica Chimica Acta, 160, 319-326.
 Stuer-Lauridsen, F., Birkved, M., Hansen, L.P., Holten-Lutzhoft, H.C., Halling-Sorensen, B., 2000.
Environmental risk assessment of human pharmaceuticals in Denmark after normal therapeutic use.
Chemosphere, 40, 783-793.
 Sundin, K.A., Leeming, R.L., Stenstrom, T.A.B., 1999. Degradation of faecal sterols in urine for
assessment of faecal cross-contamination in source separated human urine and urine storage tank
sediment. Water Research, 33 (9), 1975-1980.
 Udert, K.M., Fux, C., Münster, M., Larsen, T.A., Siegrist, H., Gujer, W., 2003-a. Nitrification and
autotrophic denitrification of source separated urine. Water Science and Technology, 48, 1, 119-130.
 Udert, K.M., Larsen, T.A., Gujer, W., 2003 (b). Urea hydrolysis and precipitation dynamics in a urinecollecting system. Water Research, 37, 2571-2582.
 Udert, K.M., Larsen, T.A., Gujer, W., 2003 (c). Estimating the precipitation potential in urine – collecting
systems. Water Research, 37, 2667-2677.
 Wilderer P.A. and Schreff D. 2000. Decentralized and centralized wastewater management: a challenge
for technology developers. Water Science and Technology, 41, 1, 1-8.
 Wilsenach, J.A. and Loosdrecht, M.C.M., 2004. Effects of separate urine collection on advanced
nutrient removal processes. Environmental Science and Technology, 38, 1208-1215.

Thank you for listening
Sibel BASAKCILARDAN KABAKCI
sibel.kabakci@yalova.edu.tr

