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Manure Processing
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• Composting
• Anaerobic digestion
• Solid liquid separation
• Sand separation
• Pelleting/Granulation
• Drying
• Pyrolysis – biochar
• Membrane treatment
• Advanced processing to 

clean water
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Solid Liquid Separation
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Midwest Plan Service, 2001

Manure Treatment to Clean Water Systems

Larson, R.A., & H. Aguirre-Villegas. Treating Manure to Produce Clean Water. University of Wisconsin-
Extension, Publication No. A4192-09

Screw Press                      Centrifuge
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Mass Separator Efficiency
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MANURE SOLID LIQUID SEPARATION

Removal Efficiency

% 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑐𝑦 ൌ  𝐶௜௡௙௟௨௘௡௧ െ 𝐶௘௙௙௟௨௘௡௧𝐶௜௡௙௟௨௘௡௧  𝑥 100
• Removal Efficiency (RE) of a compound as calculated refers to the purification of 

the liquid fraction
• Can also be written as:

𝑅𝐸 ൌ 1 െ 𝐶௘௙௙௟௨௘௡௧𝐶௜௡௙௟௨௘௡௧
Example: Influent BOD5 of a wastewater treatment system is 780 
mg/L DO. After the treatment system the concentration is 10 
mg/L DO. What is the removal efficiency? 

% 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑐𝑦 ൌ  780𝑚𝑔𝐿 𝐷𝑂 െ 10𝑚𝑔𝐿 𝐷𝑂780𝑚𝑔𝐿 𝐷𝑂  𝑥 100 ൌ   98.7%
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Separation Index

𝑆𝐼௑ ൌ 𝑅ௌி ∗ 𝑋ௌ௢௟௜ௗி௥௔௖௧௜௢௡𝑋ூே𝑅ௌி ൌ 𝐷𝑀௜௡௙௟௨௘௡௧ െ 𝐷𝑀௟௜௤௨௜ௗ௙௥௔௖௧௜௢௡𝐷𝑀௦௢௟௜ௗ௙௥௔௖௧௜௢௡ െ 𝐷𝑀௟௜௤௨௜ௗ௙௥௔௖௧௜௢௡𝑆𝐼௑ ൌ 𝐷𝑀௜௡௙௟௨௘௡௧ െ 𝐷𝑀௟௜௤௨௜ௗ௙௥௔௖௧௜௢௡𝐷𝑀௦௢௟௜ௗ௙௥௔௖௧௜௢௡ െ 𝐷𝑀௟௜௤௨௜ௗ௙௥௔௖௧௜௢௡ ∗ 𝑋ௌ௢௟௜ௗி௥௔௖௧௜௢௡𝑋ூே

Separation Index of a compound is the mass distribution into the solid fraction
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MANURE SOLID LIQUID SEPARATION

Low vs. High Efficiency Systems
REDM=0.53

SIDM=0.62

• Systems with calculated values below these 
numbers are considered low efficiency

• Systems with calculated values above these 
numbers are considered high efficiency

Guilayn, F., Jimeneza, J., Rouezb, M., Crestb, M., & Patureaua, 
D. 2019. Digestate mechanical separation: Efficiency profiles 
based on anaerobic digestion feedstock and equipment choice. 
Bioresource Technology, 274, 180-189. 

Separation Efficiency

Guilayn, F., J. Jimenez, M. Rouez, M. Crest, D. Patureau. 2019. Digestate mechanical separation: Efficiency profiles 
based on anaerobic digestion feedstock and equipment choice. Bioresource Technology, 274:180-189,

Separation Efficiency
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Separated Manure Products
Separated Liquids
• Increase N:P
• In these low efficiency systems range was from 2.7 to 6.3
Separated solids
• Most nitrogen in organic form (over 90%), slow release

N:P2O5K2O (g/kg)P2O5 (g/kg)N (g/kg)TS (%)

34118506.3Manure

475271013.9Separated Liquids

18141530.6Separated Solids

Ultrafiltration and Reverse Osmosis
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Products
• Variety of separated products

• Separated solids (25-30% solids)
• Ultrafiltration concentrate (4% solids)
• Reverse osmosis concentrate (2% solids)
• Clean water

• Manure is treated to water quality standards
• Discharge (requires permits)
• Animal drinking water
• Irrigation
• Other uses

Separated Manure Characteristics
Potassium as K2O 

[%]
Phosphorus as P2O5

[%]
Ammonium Nitrogen 

as NH4-N  [%]
Total Kjeldahl 
Nitrogen [%]

Volatile Solids 
[%]

Solids [%]Sample

0.290.070.170.418.6911.7Manure
0.290.060.230.384.766.44Digestate

0.290.160.260.5722.1726.05Screw Press 
Separated Solids

0.280.050.220.362.964.52Screw Press 
Separated Liquids

0.300.460.370.7818.3528.28Centrifuge 
Separated Solids

0.240.030.180.291.382.63Centrifuge 
Separated Liquids

0.220.050.180.372.734.01Ultra Filtration 
Concentrate

0.170.000.170.190.271.06Ultra Filtration 
Permeate

0.230.000.270.300.421.74Reverse Osmosis 
Concentrate

Manganese
[mg/L]

Chloride
[mg/L]

Potassium  
[mg/L]

Phosphorus 
[mg P/L]

Nitrate 
Nitrogen 

[mg NO3-N/L]

Ammonium 
Nitrogen 

[mg NH4-N/L]

Total Dissolved 
Solids (estimated) 

[mg/L]

Conductivity
[mmho/cm]

pHSample

0.0585.115.780.0940.02212.1062.70.146.8Treated 
Water

Separation Index
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Cumulative Removal Efficiency
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Phosphorus and Potassium

Greenhouse Gas Emissions
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• Capital costs are in the millions of dollars
• Capital costs of $290 to $2,225 per cow

• Costs reduce with increasing number of animals (minimum size 50,000 gallons 
per day)

• $15 to $120 per gallon manure treated per day
• Costs increase with ammonia capture

• Operating costs are 10 to 20% of capital costs
• Capital and operational costs over 15 years from $0.01 to $0.03 per 

gallon of manure treated
• System reduces hauling costs by at least 35%

Costs

Manure Processing Fact Sheets
• Struvite Recovery from Manure
• Composting Animal Manure
• Biochar Production through Slow Pyrolysis of Animal Manure
• Screw Press Separation of Manure
• Sloped Screen Separator for Manure
• Pelleting Animal Manure
• Anaerobic Digestion from Animal Manure
• Treating Manure to Produce Clean Water
• Systems Approaches to Managing Manure using Coordinated Markets

https://learningstore.extension.wisc.edu/
Agriculture – Animals – Manure 
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Thank You!

• Manure can be treated to 
discharge quality

• Systems in series reduces 
variability in separation 
efficiency

• Reverse osmosis removes 
most TAN and TK

rebecca.larson@wisc.edu

Take Away
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