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EXECUTIVE SUMMARY 
Sewage sludge is produced as an unwanted byproduct of wastewater treatment which can be used 
as a secondary raw material for construction products. It is also an important source of Phosphorus 
(P), a critical raw material. With the Phosphorus recovery pilot plant developed within the 
CINDERELA project we demonstrate that it is possible to recover  significant amount of the P (as well 
as nitrogen and other valuable nutrients) by source-seperation of the urine from the rest of the 
sewage stream. As a concequence  (i)  the need for costly P elimination at the wastewater treatment 
plant, and  (ii) the amount of this valuable resource that ends up in the sewage sludge can be 
reduced.  

We have revised the approach for P recovery with respect to what was written in the original 
CINDERELA proposal to recover P in the form of a nutrient-rich liquid fertilizer rather than as struvite. 
The revised, complete nutrient recovery approach has a number of advantages, namely (i) that 
Nitrogen and other valuable nutrients for agriculture are recovered along with the P and (ii) that the 
full urine stream is treated, removing pathogens and pharmaceuticals, with distilled water as the 
only by-product. 
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1. INTRODUCTION 
Sewage sludge, a by-product of municipal wastewater treatment, is one of the most voluminous and 
cost-incurring waste streams in urban areas1 (as shown for the Slovenian case, in D3.1);. 
Paradoxically, it is also a waste stream of great value, often containing high concentrations of 
Phosphorus (P) - a finite mineral, and irreplaceable nutrient for plant growth and food production. 
 
There are diverse utilization practices for sewage sludge, regulated by the legislation of each country 
(Figure 1Error! Reference source not found.). Traditionally, the most common route to valorize the 
phosphorus present in sewage has been direct application on arable land, thus recycling this 
essential nutrient back into the agri-food chain. However, due to socio-ecological constrains this 
practice is decreasing and, in some cases, being completely eliminated2  (see e.g. in the Netherlands, 
where 100% of sewage sludge is incinerated, Figure 1). Therefore, there is a need to valorize the 
sewage sludge in other ways, all the while recovering the nutrients it contains to recycle them back 
into agriculture.  
 

 

Figure 1 Fate of sewage sludge in different EU countries. Data taken from EUROSTAT, for the year 2015. Source: “Sewage 
Sludge Disposal in the Federal Republic of Germany” 

3
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Dewatered and hygienized, sewage sludge has the potential to be used as a secondary raw material 
(SRM) in the construction sector. Some characteristics of sewage sludge-based composites to be 
used as a construction product were assessed in CINDERELA deliverable D3.3. However, ideally,  
Phosphorus should be recovered from the sewage sludge before it ends up “wasted” in a 
construction product (Figure 2). 
 
Recovery of P can take place (i) from the sludge streams at the wastewater treatment plant, or (ii) 
upstream in the wastewater treatment chain, directly from human excreta, before it is diluted and 
sent to the wastewater treatment plant (WWTP). P can also be extracted from the sludge ash after 
incineration. This approach is less relevant to our purposes, as CINDERELA studies the use of sewage 
sludge directly as an SRM. Nevertheless, we also address the option of P extraction from sludge ash 
below, as there seems to be a trend in promoting the incineration of sewage sludge2 and sludge ash 
is also a potential SRM for construction products (see Smol et al. 20154).  
 

  

Figure 2 Sewage sludge produced as an unwanted by-product of wastewater treatment can be used as a secondary raw 
material for construction products. Phosphorus, a critical raw material, should be recovered from the municipal 
wastewater before it ends up in the sludge. Left: dewatered sewage sludge at a wastewater treatment plant (source: 
Monica Conthe), Right: sludge-based composite as shown in D3.3. 

 

For CINDERELA Task 6.1 - Pilot demonstration of extraction of phosphorus from municipal waste – 
we opted for an upstream P recovery approach, and in this Deliverable - D6.8 - we document the 
construction and start-up of a demonstration plant for the recovery of phosphorus (and other 
nutrients) from source-separated urine. Important changes have been made in the implementation 
of this demo with respect to what was proposed in the original DoA, and we discuss and justify these 
changes below. 
 
Early upstream extraction of P, nitrogen  (N) and other valuable nutrients directly from urine allows 
us to demonstrate a cascade waste to resource approach: nutrient recovery from wastewater for  
use where demand is greatest - as fertilizer, followed by the use of sewage sludge as secondary raw 
material for application as construction materials component where nutrients would be of no added 
value, and irreversibly wasted.  
 
We are aware that this demo showcases only one, of numerous approaches to recover P in the 
wastewater chain. In reality, no one technology is perfect or overall better than another: 
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improvements are still required for all the P recovery pathways, and likely a combination of all of 
them, depending on local conditions and legislation, will be necessary to transition to a circular P 
economy. We therefore briefly discuss other P recovery approaches in this deliverable, and refer to 
relevant literature for more detailed information on these approaches. The difference in carbon 
footprint and economic sustainability of different P recovery scenarios will be assessed in more detail 
within WP7, by means of LCA, LCC, and S-LCA analysis (as discussed in section Error! Reference 
ource not found.).  Our goal is that this demo will serve as a platform to make the public aware of 
the importance of P recovery, the existence of different alternatives and the imperative need to 
transition to a circular economy in both nutrient management and construction practices. 
 

 The importance of Phosphorus recovery 1.1.

Phosphorus is an essential nutrient for plant growth and, thus, a critical element for agriculture and 
food production. Unfortunately, the current model for managing P in our food cycle is linear and 
unsustainable. Modern agriculture relies heavily on the use of mineral fertilizers as a source of 
nutrients.  This is problematic on the two sides of the linear P chain: extraction (where it is scarce) 
and disposal (where it is in excess). 
 
Extraction: Currently, the major source of P is apatite (or rock phosphate; Figure 3), a finite source 
which, much like fossil fuels, took millions of years to form but we are rapidly depleting. 90% of 
apatite is used for fertilizers, and continuing business as usual, with a growing pressure of global 
population growth, it is estimated that phosphate rock may be depleted in the next 50 to 100 years 5. 
Furthermore, mineral phosphate deposits are limited to few locations around the world, and its 
export depends on fossil fuel intensive extraction and transport. 

 

Figure 3 Historical sources of phosphorus for use as fertilizers. Taken from Cordell and White, 2014
6
 

 
Disposal: The intensive mining of P and use of mineral fertilizers is dramatically increasing the input 
of available phosphorus into natural ecosystems. Large amounts of P are lost at several points in the 
agri-food chain and end up in water bodies where it contributes to eutrophication, and in the long 
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term to a potential anoxic oceanic event 7. Of the planetary boundaries for human activity set by the 
scientific community, impacts to the phosphorus biogeochemical cycle (together with the N 
biogeochemical cycle – to which it is inextricably linked) are already far beyond the established safety 
threshold to avoid compromising the planetary systems that sustain us (Figure 4). 
 

 

Figure 4 Status of the control variables for seven of the planetary boundaries. Taken from Steffen et al. 2015
7
 

 
A circular use of P (and N) is essential to, on the one hand reduce our dependency on fossil and 
mineral reserves, and on the other avoid the negative ecological impact of “waste” nutrients ending 
up in the environment. Different types of measures will be necessary to transition to a sustainable 
use of Phosphorus (Figure 5). “Efficiency” measures are essential, as it is estimated that up to 80% of 
phosphorus applied in agriculture is lost “from farm to fork”8, but “Reuse” measures can also 
contribute significantly. One such measure is recovering P from waste streams and recycling them 
back into the agricultural production cycle. Relatively little of the P we consume in our diet remains 
in the human body (i.e. human excreta contains roughly same amount as what we eat), and it has 
been estimated that recycling P from human excreta could potentially provide up to 20% of 
phosphorus needs for food production8.  
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