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Context: Dairy processing sludge?

Effluent quality: 
BOD: 16 mg L−1

COD: 125 mg L−1

TN: 5−25 mg L−1

TP: 2−5 mg L−1

SS: 30 mg L−1

Influent quality:
BOD: 8,240 mg L−1

COD: 18,045 mg L−1

TN: 830 mg L−1

TP: 280 mg L−1

SS: 4500 mg L−1
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Facts & Figures: Volume generation and disposal?

 EU Figure (2020) – 2.45 million 
tons from 144.6 million tons of 
milk production 

 Ireland - 126,700 tons per year
(39% of increase between 2012 
and 2017) (abolition of European 
milk quotas in 2015)

 EU - Total recyclable phosphorus 
12,840 tons

 EU - Total recyclable nitrogen 
17,490 tons
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Dairy sludge samples are high in N & P** when 

compared to cattle slurry. 

Regulations & Policy Drivers: Disposal management to 
increase nutrient recycling

 NAP Regulation (SI 31 2014): Good Agricultural 

Practice for Protection of Waters

 Teagasc Nutrient Advice: Greenbook (no 

information on dairy sludge presently) 
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Recycled nutrients from dairy 
processing sludge – how they 
perform on crops and soil?

Recycled 
nutrients

Triangle model for reconnecting nutrient and 

carbon flows between conventional agro-pillars 

(Nutri2Cycle Concept)

Nutri2Cycle Approach: Closing carbon and nutrient 
loop in the agro-production system

External 

nutrients

External 

nutrients

Landfill 

dumping
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Experiment: Materials used to recycle nutrients

Product Sample Chemical composition Source/Feedstock

Super phosphate 

(SP)

Ca(H2PO4)2, 44-51% 

P2O5 (16%P)

phosphate rock

Calcium ammonium 

nitrate (CAN)

5Ca(NO3)2 

·NH4.NO3·10H2O 

(27%N)

atmospheric N2, 

natural gas, 

limestone
Muriate of Potash 

(MOP)

KCl (50%K) Potash mining

Sulfate of potash 

(SOP)

K2SO4 (42%K, 18%S) Potash mining, 

H2SO4, Brine

Cattle slurry 0.6%P, 4.3%K, 0.4%S 

(dry basis)

Livestock animals

CT Struvite MgPO4NH4.6H2O 

(10.7%P, 5.1%N, 

9.9% Mg, 1.2%K)

Potato processing 

wastewater

VEV Struvite MgPO4NH4.6H2O 

(10%P, 5.1%N, 

9.4%Mg, 0.06%K)

Sewage sludge 

Outotec Ash CaNaPO4 (8.4%P, 

10%Na, 10.3% Ca) 

(dry basis)

Incineration or 

gasification of 

sewage sludge

BMC Ash 5.5%P, 10.7%K, 3%S, 

15.6%Ca, 3.5%Mg 

(dry basis)

Incineration of 

Poultry Litter in 

biomass power 

plantDairy sludge (Al-

precipitated)

4.6%P, 6%N, 3%Ca, 

3%Al,  1.6%K, 0.6%S 

(dry basis)

Dairy food 

processing 

wastewater

Dairy sludge (Ca-

precipitated)

8.1%P, 1.8%N, 

24%Ca, 0.4%K, 

0.3%S (dry basis)

Dairy food 

processing 

wastewater

Product Sample Chemical composition Source/Feedstock

Integrating recycled nutrients into fertilizer application programme

(increase)(decrease)

• Less C footprint

• Saving €

• Increase local nutrient recycling

How recycled nutrients perform on crops and soil?
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Agronomic trial: Nutrient composition & availability?

4 dairy sludge: Ca1, Ca2, Al and Fe

 

 

 

40 N trial plots (@8×2 m2) 

10 treatments×4 reps 

 
Basal dressing 

of P, K and S 

      a   n          g    n                

 in  a      i i     

(Al) (Fe) (Ca2) (Ca1) 

Sample DM N P K S Ca Al Fe

% kg/t dry weight

DAF - Ca1 22 36.5 79.6 3.9 2.9 238 0.6 0.5

DAF - Ca2 31 19.3 128 4 3.2 278 0.9 3.8

AC - Fe 20 38.5 31.6 5.5 3.3 107 0.8 161.8

AC - Al 11 42.5 34.1 5.7 4.3 33 58.1 4.1

Cattle slurry 6.3 38.1 7.9 55.6 4.8 - - - - - -
Cattle slurry samples from Irish farms (Berry et al., 2013)

N and P Availability for crop uptake?

(two activated sludge - Al-DPS and Fe-DPS, and two 
lime-stabilised sludge - Ca1- and Ca2-DPS)
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Agronomic trial: Set-up and layout

i.e. optimum plant 

available P
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Results: Efficiency of recycled N & P bioavailability 

N & P bioavailability: Computational method (example for P)

APR compares crop P uptake in an amended treatment 

with that in an unamended control treatment assuming 

amount of P provided by the soil is the same among plots
APR represent P uptake is due solely to the treatment

RPE allows comparison of the potential of the RDF treatment 

to provide bioavailable P with respect to mineral fertiliser P Fertiliser Replacement Value (FRV)

This method also provides % of P availability of RDF 

treatment by comparing crop response (P uptake or yield) 

with that of mineral fertiliser.   
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Agronomic trial: N and P FRV

 The N FRV of tested dairy sludge samples varied 

a great deal. 

 Delay in N mineralisation and NH3 volatilisation 

losses are likely to cause low available N pool in 

sludge. The exceptionally low N FRV of Al-sludge 

can be related to the poor sludge stabilization 

processes.

 Influence of upstream wastewater and sludge 

treatment processing on plant available N, an 

important finding for their appropriate incorporation 

into fertiliser programmes

 All dairy sludge and mineral P treatments produced 

similar yields and uptake, and crop P was not 

affected by sludge applications despite the 

presence of high Al, Ca and Fe.
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Sample

Experiment progressing: Field plots and set-up

 

Figure 3 Grassland plots (115 plots @ 6×2 m2) with randomly allocated fertiliser products. 

Plot size: 

6×2 m2

 Randomized Complete Block Design
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Soil: sandy loam textured soil with a soil P test (STP) of 2.8 mg L−1

(P Index 1, i.e. P deficient in the Irish system)

P plots P addition DPS FW ha−1

Treatment kg P ha−1 tonnes

Ca-P sludge 40 1.6

Al sludge 40 6.8

No P 0 0

SP 15 0

SP 30 0

SP 40 0

SP 50 0

SP 60 0
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Results: P uptake response

 Clear evidence of positive P uptake response 

with increasing mineral P application rate 

(suitable for P availability assessment)

 P uptake is more sensitive to treatment 

differences by taking into account of crop P 

concentration and biomass yield

*Significant positive relationship

What is P fertiliser replacement value (P FRV) of 

dairy sludge products?
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Results: P FRV: Al- and Ca-P sludge varied greatly 

 Ca-P sludge provided very limited P 

supply for plant uptake in the first-year 

but potential for residual P availability

 Al-sludge demonstrated high P 

availability and are promising options to 

replace mineral P from first-year     

16%
31%

90%

166%

109%

50%

Ca-P sludge has Ca/P = 1.84 and pH 7.7 - High 

Ca content and Ca/P molar ratio likely to cause 

low soluble Ca-P compounds formation
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Agronomic implications: Fertiliser value (€) 

Farmers Benefit: Grassland N-

P-K maintenance

 More € value in dairy sludge than in 

slurry dictated by high P content

 High P content in sludge controls  

application rate which with high 

availability can replace chemical P input 

fully

 Potential of 16-18% fertiliser cost saving 

by dairy sludge 
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*Based on first year N and P availability for grass uptake 
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Summary & management implications: 

 The fertiliser efficiency of recycled P from Al-sludge is equivalent to synthetic P-fertilisers 

and as such highly potential to replace mineral P from first-year application.

 Feedstock composition and the length of the plant growing season need careful 

consideration to assess recycled P availability (e.g. Ca-P sludge provided very limited P 

supply for plant uptake in the first-year but potential for residual P availability)  - More 

study is needed to assess effect on soil P build up through multiple applications per year in 

a medium-long-term trial. 

 Limited land bank and closed period over Winter – this opens opportunity to convert dairy 

sludge as feedstock to produce more viable and refined fertilizer products such as 

STRUBIAS (struvite, biochar and ash) to supply of sufficient recycled P products locally 

and thereby, reduce dependency on mined and synthetic P-fertilisers. 
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