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Isaac Asimov (1974)
6

Phosphorus (P)

“Life can multiply until all the phosphorus
has gone and then there is an inexorable
halt which nothing can prevent. That's
because phosphorus is essential to all
living organisms.

Phosphate + sugar + nitrogenous base = nucleic acid

Source: Vallet-Regi (2004). Calcium phosphates as substitution of bone tissues

Why do we need to recover 

nutrients?
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Source: https://earthhow.com/eutrophication-causes-process-examples/

This could be also non-treated effluent

1. Excess nutrients

2. Algae bloom

3. Oxygen depletion

4. Dead zones

The Eutrophication Issue

https://natividadanalytics.com/
Leynard.Natividad@gmail.com

https://natividadanalytics.com/


USGS. Mineral Commodity Summaries
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Urine

“Join the loop”
(Recovery)

Phosphorus, Nitrogen

Human activity

Phosphorus
3 million Tons of P/year

Waste 
streams

Nutrient Recovery – Closing the Loop

Struvite
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Source: https://www.un.org/

International Policies -

UN

Global 

implications

(6)
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Alternative P sources

Biosolids,

Food waste, 

Human waste, 

Urine

Possible Solutions

Components

Fresh urine 

[mg/L]

Cl 6620

Urea (CO(NH2)2) 4450

Na 3240

K 1870

SO4 878

NH4-N 438

PO4-P 388

Ca 89.2

Mg 45.4

Total 

Carbonates(CO3) 8.53
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How does it 

happen?
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Nutrients

Magnesium

Ammonium

Phosphate

Water

Struvite Chemical Reaction
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• Equilibrium
• Chemical speciation
• Charge balance
• Activity coefficients

Thermodynamic 
model

Dynamic 
model

• Elemental mass balance
• Struvite mass balance
• Reaction kinetics

Overall Process System Engineering Approach
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Modelling - Simulation

Source: Simulation in Chemical Engineering - 2024-A - UNAC
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Source: Kazadi, C. (2016). Dynamic modelling of minerals precipitation in wastewater 

Chemical Speciation Basis

Elements will 

dissociate in ions, 

depending on the 

pH and solution 

composition
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Constant Solubility Product (𝑲𝒔𝒑) and Saturation Index (SI)

ai = γi ∙ 𝐂𝐢

𝑺𝑰 = log10
IAP

Ksp
= log10

aMg2+ ∙ aNH4+ ∙ aPO43−

𝐊𝐬𝐩

− log10 γi = A ∙ Zi
2 μ ൗ1 2

1 + a ∙ μ ൗ1 2
+ b ∙ μ

μ =෍𝐂𝐢 ∙ Zi
2

Chemical 
Speciation

Ksp

Debye-
Hückel 
modified 
by Davies
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What have we learned today?

i. Importance of the nutrient recovery topic around the world.

ii. We explored useful models to predict nutrient recovery.

iii. We learned the importance of computing tools (software) to estimate chemical

speciation and then saturation index.

iv. We assessed the basis of solution thermodynamics and some ways to validate

equilibrium equations selection
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