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Most of the phosphorus (P) in dairy manure is in 
calcium-P and magnesium-P complexes.  These 
complexes are insoluble in water and are therefore 
associated with the solids phase of the manure.  
Dairy manure following anaerobic digestion has 
a fairly even distribution of particle sizes 
from 20 to 600 microns with the majority of P 
associated with the finer particles (< 75 microns).  
There is a slight shift from inorganic P in raw 
manure to organic P (Ortho-P) in digestate. 
However, most of the current solids separation 
technologies are employing screens with pore 
sizes of roughly 3,000 microns so there is 
little capture of suspended P except 
proportionally what is contained in the moisture 
content of the separated solids.  If further 
reduction of the P in the separated liquid is 
desired, additional processes for P recovery 
will be needed including the following.

Sequential screening 

Frequently used on the effluent of anaerobic 
digesters, the screens are set up in series with 
a primary removal of large fibrous particles 
followed by a secondary removal of even finer 
solids.  The reasons for the multi-stage process 
are: 1. Removal of larger particles to prevent 
plugging of progressively smaller screen sizes, 
and 2. separating the larger fibers for reuse as 
bedding or marketing as a soil amendment, 
compost, or other high value product. The 
equipment employed may be various types of 
screens, screw presses, dewatering augers, 
roller presses, automated cleaning systems, etc. 

Sequential screening plus advanced systems 
without chemicals 

With increasingly finer screens, plugging 
becomes a limiting factor, so advanced systems 
may rely on increased gravitational forces 
generated from rotating screens, low-G 
centrifuge screens, and/or decanting 
centrifuges to remove the progressively finer 

materials.  This increases the total solids (TS) 
and P removed from the separated liquid 
manure. 

Sequential screening plus advanced systems 
with chemicals 

Even with the added G-forces, sequential 
screening has its limitations in capturing the 
very small colloidal-P.  To enhance recovery of 
this form of P specialized chemicals called 
flocculants are added to the waste steam. 
Flocculation is a process by which very fine 
suspended particles are caused to clump 
together.  These clumps are called flocs.  Small 
flocs join with other small flocs to create larger 
flocs, and so on.  These flocs then settle to the 
bottom (sedimentation), float to the top 
(creaming), or are filtered out.   

This is not a process that would happen 
naturally without the addition of flocculants 
because most suspended particles have a 
negative electrostatic charge (anion), and 
therefore, repel one another. Cationic 
flocculants such as ferric chloride and alum 
neutralize the negative charge, and thereby 
facilitate the clumping. Flocculation can only 
occur after an initial separation of large solids 
that would interfere with the process from 
dairy manure. 

Struvite crystallization 

Struvite (MgNH4PO4 ∙ 6H2O) is a crystalline 
form of P, but its formation is dependent upon 
many factors such as pH, supersaturation of the 
ions, and absence of antagonistic ions like 
calcium (Ca).  High recovery rates (~80% total 
P) have been seen in large scale studies using
swine manure, however, very low recovery
rates (<15% P) are typical with dairy manure,
especially post anaerobic digestion manure,
because of the high Ca content.  As mentioned
earlier, Ca forms an insoluble precipitate with P
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thus removing it from solution and potential 
crystallization. 

Advanced biological nutrient removal 

Enhanced Biological P Removal (EBPR) is a 
cyclic anaerobic – aerobic process that selects 
for P consuming bacteria or P accumulating 
organisms (PAO’s).  During the anaerobic phase 
PAO’s convert volatile fatty acids (VFA’s) to 
poly-β-hydroxyalanoates (PHA’s).  During the 
aerobic phase PAO’s use the PHA’s as an energy 
source and metabolize PO4-P from the 
wastewater, thus removing it from the liquid 
fraction and concentrating it in the biomass 
(solid). Subsequent solids separation is required 
in order to remove the P. There is the 
opportunity for nitrous oxide (N2O), a potent 
greenhouse gas, loss from this system. 

Advanced biological nutrient removal 

Like EBPR, Algae Systems utilize 
microorganisms to remove nutrients. 
Following growth, the algae are harvested and 
may be processed into bioenergy products such 
as biodiesel, photobiological hydrogen, drop-in 

biofuel replacements for gasoline, diesel, and 
aviation fuels, as well as fermented products 
like ethanol and methane. 

Both of these biological processes show great 
promise with nutrient removal efficiencies of 
>90% on a wide range of wastewaters including
anaerobic digestate. However, these are still
only in the pilot study phase.  Much more
research and development is required to bring
these technologies to a commercial scale.

Ultrafiltration (UF) 

UF utilizes a special membrane to retain 
suspended solids while allowing water and 
dissolved nutrients under pressure to pass. 
Prior removal of coarse solids is required to 
prevent fouling of the membrane.  Efficiencies 
are quite high (100% total suspended solids 
(TSS), >96% of P, and ~88% of the organic N) but 
the dilute effluent still contains the dissolved 
nutrients, especially 𝑁𝑁𝐻𝐻3/𝑁𝑁𝐻𝐻4+-N and 
potassium (K).  Unfortunately, there is a 
significant electrical demand associated with 
this system. 

Table 1.  Phosphorus recovery technologies relative costs and efficiencies. 

Technology Capital Cost / Cow Annual Operating 
Cost / Cow 

Solids 
Reduction 

N 
Reduction 

P 
Reduction 

Sequential Screens $ $ 35% - 40% 15% - 20% 12% - 18% 
Sequential Screens 
plus Advanced System 
without Chemicals 

$$ $$ 30% - 60% 10% - 15% 50% - 65% 

Sequential Screens 
plus Advanced System 
with Chemicals 

$$$$ $$$ 75% - 80% 50% - 55% 85% - 98% 

Struvite Crystallization $$$ $$$$ Prior Fiber 
Separation 25% - 35% 85% - 90% 

Enhanced Biological P 
Removal (pilot) $$$$$ $$$$$ 25% 10% 42% - 91% 

Ultrafiltration $$$$$ $$$ 
~100% w/ 
Prior Fiber 
Separation 

88% 96% 
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