
SESSION 9SESSION 9
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Animal manure and slurries produced by the animal breeding sector are still an environmental risk because their high 
nitrogen content hinders biological treatment processes. In addition, sludge from small wastewater treatment plants 
(WWTP) has few disposal options if a life cycle approach is considered. In this regard, the recent trend in wastewater 
processes is to move forward resources recovery options, moving from a linear to a circular economy approach. There-
fore, this study aims to optimise anaerobic co-digestion of cattle manure and WWTP sludge, by removing the excess 
of ammonium nitrogen through struvite (magnesium ammonium phosphate), prior to the biomethanation process, thus 
allowing the simultaneous recovery of energy and valuable N-P fertilizer.

Struvite precipitation experiments were carried out using a mixture of cattle manure from a dairy farm and waste sludge 
from a domestic WWTP (1/1). The batch reactors were operated at 35ºC, using an orbital shaking incubator. A solution 
of MgCl2 0,05 M was used as magnesium source. The pH was maintained between 7 and 8,5. Process monitoring in-
cluded COD, ammonium nitrogen and phosphorus analysis.

Cattle manure and WWTP sludge had a very unbalanced content of total organic carbon and nitrogen. Volatile solids 
content was 18,3±0,2  g L-1 and 14,3±0,1 g L-1 , respectively. At the tested conditions, ammonium nitrogen and phos-
phorus were precipitated with a maximum observed efficiency of 58% and 92%, respectively. 

Struvite pre-treatment of animal organic wastes and sludge with a high nitrogen content is a feasible option in integrated 
biogas production facilities, if a magnesium source is added. Low-cost technologies for struvite crystallisation have a 
high potential in rural areas, not only for minimise nitrogen inhibition of biomethanation and energy recovery processes, 
but also for in-situ fertilizer production.
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About 80% of the nitrogen, 50% of the phosphorous and 90% of potassium in domestic wastewater originate from hu-
man urine, which has a volume of only 1 – 1.5 L per person per day (Chang et al., 2013). In addition to large amount of 
nutrients, human urine also contains trace elements. The development of urine sorting dry toilets has made it possible to 
recycle the nutrients in wastewater (Adamsson, 2000). The main purposes of urine-treatment processes include stabilisa-
tion, P-recovery, N-recovery, nutrient removal and handling of micro-pollutants. The concept of dry toilets or generating 
source separated urine itself is so recent, that the treatment options for the same has not been explored much.

Microalgae may provide an economically and environmentally sustainable way to recover those nutrients and contribute 
to treatment of urine (Feng and Wu, 2006). In the present study, Scenedesmus was cultivated in nutrient rich human 
urine stored for five months at different dilutions with fresh water. The hypothesis was that Scenedesmus can grow in 
diluted human urine without trace element additions in large raceway ponds and in northern latitudes. 
The study consisted of one 2000 L pilot raceway pond (RWP) located in Heidenranta, Finland where diluted source sep-
arated human urine (1:20 and 1:15) was used as the culture media for growing Scenedesmus acuminatus at a hydraulic 
retention time (HRT) of 15 d. 

The algae growing in the semi-continuous pilot raceway pond on 1:20 time diluted urine achieved a maximum removal 
of 72% Na, 78% N and 38% P. Unfavourable conditions of growth like low temperature and low light intensity in these 
latitudes can cause low growth rate. However, it was observed that the algae could grow and continue to treat the urine 
in temperature as low as 5 °C. 

In conclusion, S. acuminatus was able to grow and remove nutrients in human urine and thus cultivation of this algae in 
source separated urine is a promising approach for producing  biomass with cheap nutrient supply (e.g. for biogas and 
bioethanol production or as aquaculture feed). Future studies are needed to explore the possibility of revival of the algae 
after winter months in Nordic weather. Also studies on biomass harvesting could further promote the practical applica-
tions. In addition, the processing of the algal biomass is being studied in our ongoing experiments.

Keywords: Microalgae; source separated human urine; pilot raceway pond; nutrient recovery

References
Adamsson, M., (2000), Potential use of human urine by greenhouse culturing of microalgae (Scenedesmus acuminatus), 
zooplankton (Daphnia magna) and tomatoes (Lycopersicon). Ecol. Eng., 16, 243–254.
Chang, Y., Wu, Z., Bian, L., Feng, D., Leung, D.Y.C., (2013), Cultivation of Spirulina platensis for biomass production 
and nutrient removal from synthetic human urine. Appl. Energy, 102, 427–431.
Feng, D.L., Wu, Z.C., (2006), Culture of Spirulina platensis in human urine for biomass production and O2 evolution. 
J. Zhejiang Univ. Sci. B., 7, 34–37.

84 | DRY TOILET 2018 DRY TOILET 2018 | 85 


