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Key external stakeholders:  
Dairy and tillage farmers, dairy processing companies 

Practical implications for stakeholders: 
The outcome/technology or information/recommendation is…… 
 
Main points  

 Dairy processing sludge (DPS) from dairy food processing industry is a growing bio-based residue in 
Ireland 

 The temporal signal of nutrients and metals in DPS was stable but different processing plants 
differed. 

 The Nitrogen Fertilizer Equivalent Value of DPS samples were as follows for the various types Fe 
rich DPS (65%), Ca rich DPS (31%). Other types of Ca DPS had lower FEV and Al types were low.  

 Losses of nutrients and metals after land application were lower than cattle slurry equivalent 
applications. Therefore the DPS should be tested before land applied.  

 Pyrochar derived from DPS showed excellent removal efficiency for soluble phosphorus waste 
streams.  

 
Main results:  
Dairy processing sludge (DPS) from dairy food processing industry is a growing bio-based residue in Ireland 
DPS characterisation profile indicated that mainly two types are common - (1) bio-chemically treated 
activated sludge (high presence of Al or Fe due to dosing of alum or iron based flocculent during wastewater 
treatment) and (2) lime treated dissolved air flotation processing sludge (rich in Ca and P). The nutrient 
profile of DPS showed sludge samples are significantly high in N & P when compared to cattle slurry and 
farmyard manure. But K needs to be balanced. Results also showed that median N, P and K concentrations 
did not vary seasonally but differed significantly across sludge type and processing plant source. In addition, 
DPS were found to contain several micronutrients required by plants including Cu, Fe, Mn and Zn. Metal 
concentrations across the entire sampling archive were significantly lower than the EU guidelines. An 
agronomic trial in grassland micro-plots (8×2 m

2
) with four main types of DPS [1) Activated Al-dosed, 2) 

Activated Fe-dosed, 3) Lime dosed Ca1, and 4) Lime dosed Ca2] showed that grass dry matter (DM) yield, 
and P uptake were statistically similar to mineral P fertiliser-applied plots. Results from N trial showed a 
significantly higher grass DM yield and N uptake for Fe and both Ca type DPS applied plots than the control 
plots during the 1st harvest, while no statistical difference observed in the subsequent harvests (up to 4th 
harvesting). The N FEV of DPS samples was observed to be in the order of Fe (65%) > Ca2 (31%) > Ca1 
(28%) > Al (11%) with greater promise of N fertiliser efficiency of Fe and Ca type DPS.  
 

Opportunity / Benefit:  
DPS is a valuable bio-based fertilizer with N-FEV. Further testing will be needed to obtain a P-FEV.  
Losses to the environment in overland flow were low when compared with cattle slurry but emissions to air 
are needed. Future research should also examine emerging contaminants in these wastes.  
 

Collaborating Institutions:  
Dairy Processing Plants, University of Limerick 
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1. Project background:  
As a by-product of the dairy food industry’s wastewater treatment process, significant volumes of “dairy 
processing wastewater” are applied to agricultural land as an organic fertilizer for crop production. This 
method of disposal is seen within the dairy industry as only a short to medium term solution for disposal of 
waste. However, very little is known about the nutrient and metal profile of this waste, how it changes 
seasonally and the volumes produced. Key knowledge gaps presented were the fertilizer replacement value 
of this waste, its environmental footprint after land application and its use as a filter medium once converted 
to a pyrochar to adsorb phosphorus from solution. The current project examined this waste across various 
companies in Ireland to see if this waste material could be ultimately given a value. 

2. Questions addressed by the project: 
What is the volume of dairy processing waste generated in Ireland? 
What is in dairy processing waste in terms of nutrients and metals? 
Is dairy processing waste safe to use? 
What is the fertilizer replacement value of dairy processing waste? 

3. The experimental studies:  

 Data on the volumes of waste in Ireland were collated from a variety of sources and this was divided 
into various types. 

 Dairy Processing waste was collected from the main dairy processing plants in Ireland over many 
seasons and characterised in terms of their nutrient and metal profiles. This allowed all of the main 
types of waste to be compared and contrasted. 

 The main types were examined in terms of their fertilizer replacement value over a single grass 
growing season on a single soil type.   

 The main types were examined in terms of their nutrient and metal losses to water and uptake in soil 
and plants in two levels of controlled experimentation a) in an agitator experiment and b) in micro-
plots with rainfall simulation.  

 Pyrochar was also investigated in the study as a potential filter media to adsorb P from solution.  

4. Main results:  

 In Ireland volumes of dairy processing waste generated are estimated (2012-2017) and a two year 
seasonal database (2016-2018) across four sludge types (bio-chemically treated activated sludge; 
lime treated dissolved air flotation processing sludge; a combined treatment sludge and 
anaerobically digested sludge) utilising samples from nine dairy processing plants was created. 
Results show that dairy processing sludge increased by 39% in the period up to 126,718 tonnes (wet 
weight). Database results showed that nutrient contents did not vary seasonally but varied 
significantly across sludge type and processing plants. The median values (g kg-1 dry weight) for 
N:P:K for the four sludge types were N: 57.2, 19.5, 46 and 70.4, P: 36.8, 65.9, 20 and 14.6, and K: 
7.2, 3.9, 2.9 and 6.1, respectively. Heavy metal concentrations across all samples were significantly 
lower than those regulated by the EU for controlling metals accumulation in agricultural land due to 
sludge recycling.  

 Four representative dairy-processing-sludge (DPS) samples – 1) Activated Al-dosed, 2) Activated 
Fe-dosed, 3) Lime dosed Ca1, and 4) Lime dosed Ca2 were tested in grassland micro-plots (@ 8×2 
m

2
) at Johnstown Castle Environment Research Centre in order to assess their N and P fertiliser 

value, and effect on plant growing yield and soil quality. The experimental site was light textured clay 
loam with a soil P test (STP) of 7.6 mg L

−1
 (P Index 3).This agronomic investigation was conducted 

in two separate blocks consisting of P and N trial plots, respectively, where each block had 10 
treatments (by 4 replications) – 5 mineral fertiliser treatments (super phosphate for P and CAN for 
N), 4 DPS treatments, and one control (without any treatment). The application rate of the DPS 
samples in P trial plots was 40 kg-P ha

−1
, whereas that in N trial plots was 60 kg-N ha

−1
. The plots 

were randomly assigned to each treatment. This experiment was limited to one seasonal year with 
single application of mineral and DPS fertilisers and occurred on a single soil type.  
Results from P trial showed that grass dry matter (DM) yield, and grass P uptake and concentrations 
were not statistically different across 4 DPS applied plots, and these were statistically similar to 



  

 

 
3 

Technology Updates Crops, Environment and Land Use  

 

Owen Fenton    Email: owen.fenton@teagasc.ie. Contact 
http://www.teagasc.ie/publications/ 

control (without any treatment) and mineral P fertiliser-applied plots. The experimental site was 
found to be non-responsive to different mineral P application rate and as such mineral fertiliser 
equivalent value (FEV) of DPS could not be determined. Although DPS products had high Ca, Fe 
and Al concentrations and these elements are known to lock up plant available P affecting the 
availability of sludge and soil P, the DPS receiving plots did not suppress grass yield or P uptake 
despite having relatively high Ca, Fe and Al content in the sludge products relative to the mineral P 
and the control plots. In terms of STP, plots receiving lime dosed Ca type sludge showed 48–71% 
increase in comparison to control and the mineral P40 plots, which may indicate more plant available 
P of Ca-rich sludge. However, longer term study with low P index soil is required to address the P 
FEV of DPS. Results from N trial showed a significantly higher grass DM yield and grass N uptake 
for Fe and both Ca type DPS applied plots than the control plots during the 1st harvest, while no 
statistical difference observed in the subsequent harvests (up to 4th harvesting). The relative N 
availability i.e. N FEV of DPS samples was observed to be in the order of Fe (65%) > Ca2 (31%) > 
Ca1 (28%) > Al (11%) with greater promise of N fertiliser efficiency of Fe and Ca type DPS. Similar 
to P trial, significant increase of STP was observed in Ca type sludge applied plots, indicating an 
agronomic availability of P but also suggest the risk of P loss in the runoff. Also, Ca, Al and Fe 
concentrations in the post-harvest soils of sludge applied plots were comparable to the control plots 
although their presence was dominant and higher in the sludge samples. 

 In runoff in terms of overall losses metals are not of concern across treatment types, Fe rich dairy 
processing waste has the highest losses in terms of concentration of ammonium and C whereas Ca 
rich waste has the highest dissolved reactive phosphorus (DRP) losses but lowest losses of 
ammonium and C. In terms of plant available P there were no negative effects with Morgan’s 
extractible phosphorus (Pm) exhibiting a positive trend across waste types and soils. In particular a 
significant increase was found for the Ca rich waste across all soils (average increase of Pm by 5-
fold). As applying waste to grassland is an understudied area, further field trials should focus on 
emissions to air and water and examine the fertilizer equivalent value from N and P perspectives. 

 P removal varied across dairy processing waste type and composition, with mixed sludge derived 
char exhibiting 85–98% P removal at a dose of between 10 and 50 g/L, whereas, those from DAF 
sludge removed > 99% at 3 g/L. The P removal process was associated with a number of strongly 
significant mineral phase correlations pertaining to mineral composition (i.e. availability of Ca, Mg 
and Si) of the dairy processing waste samples. A quick water extractible P test together with 
knowledge of the major P locking minerals can be used to pre-screen the potential of PC for P 
removal application. This study also provides a physicochemical reference and ranking of dairy 
processing waste feedstock selection, which will be useful for future investigation on the pyrolysis of 
waste at pilot-scale and subsequently, to develop PC based efficient adsorbent for application in 
wastewater treatment. 

5. Opportunity/Benefit: 
Dairy Processing waste has high potential in terms of Nitrogen and Phosphorus fertilizer replacement in 
grasslands but needs to be optimised in terms of potassium. It has a much lower nutrient and metal loss 
profile to overland flow when compared with other organic fertilizers e.g. dairy cattle slurry. Other aspects 
should now be explored over long term periods e.g. its use with arable crops.  
 

6. Dissemination: 
Ashekuzzaman, S.M., Forrestal, P., Richards, K., Fenton, O. (2017) ‘Seasonal assessment of major and 
micro nutrients content in dairy processing sludge: what potential for agricultural re-use?’ Proc. of the 17th 
International RAMIRAN conference on 'Sustainable utilization of manures and residue resources in 
agriculture', Sep. 4‒6, Wexford, Ireland. 
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