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Introduction

2

• Australian dairy 

• 3 different production systems

• Methane potential & cleaning strategy

• Solid liquid separation

• Technology selection

• Methane emission reduction potential & 
energy recovery



Dairy Production systems

Outdoor systems→ low manure 
collection → low recovery potential

Indoor systems→ higher manure 
collection → high recovery potential

Production 
system PB PMR TMR

Housing Low Medium High
Manure 
Capture Low Medium High

Nutrient Load Low Medium High
Emission Risk Low Medium High



Methane yields by production system

Methane yields   

Production system has an influence on BMP = PB (~160LCH4/kgVS) < TMR 
(~200LCH4/kgVS) – important for national greenhouse gas accounting 

Filtrate stabilised faster than effluent and solids due to lower complexity and higher 
soluble content



Impact of cleaning strategy

Dilute effluent    mostly dilute effluent  slurry
   TS: 0.5-3%    can be slurry or solids           TS: 8-12%

Cleaning system has no effect on BMP but influences TS: Flood < Hose < scraped



Solid Liquid Separation
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Criteria Trafficable 
Solid Trap

Screw 
Press

Inclined 
Screen

Decanter 
Centrifuge Z-Filter Belt Filter 

Press VacuSep

Reference Birchall et al., 2008; Dairy 
Australia, 2021b

Cielejewski, 
2019; Hjorth et 
al., 2010

Birchall et al., 2008; 
Varma et al., 2021

Hjorth et al., 2010; 
Varma et al., 2021

Grell et al., 2023; 
Payne, 2014

Cielejewski, 2019; Hjorth 
et al., 2010; Varma et al., 
2021

Cielejewski, 2019

Energy Input – low minimal high medium high low

Investment Costs minimal low low high high high low

TS of Influent < 2% > 2% low low low low < 3%
Maintenance high low medium medium high high medium
Complexity low medium low high high high medium
Sludge Quality low high low medium high high high

Filtrate Quality low medium medium high high high Medium to 
high

TS Removal low high low high high high high

Solid Moisture anaerobic medium high medium low low low

Nutrient Removal low medium low high high high high

Flow Rate (<1% TS) medium low medium medium high medium medium

Reliability medium high medium medium low high high

Chemical Treatment not possible possible not 
possible required possible possible possible

Fugitive Methane 
Emissions high low low low low low low

Potential Use In PB PMR & 
TMR

PB, PMR 
& TMR

PB, PMR & 
TMR PB & PMR PB, PMR & 

TMR PB & PMR



Solid liquid separation
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Effluent 
collection of 
milking area

Filtrate 
storage

Irrigation to 
paddock

Separated solids to 
compost, digest or 

soil additive
TS/VS ratio: 75-90%

Water

Effluent

VS removal in Filtrate

Standard 
separation

25-35%

Chemically 
enhanced 
Separation

80-90%Separator



Results for dilute effluent with Floc
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Separated 
solids

Filtrate 
5% / 3% / 0% 

Flocculant



Methane emission reduction and 
Energy potentials



Conventional effluent management

Sankey diagram of 
fugitive methane 
emissions and energy 
potential from different 
production systems on 
a daily basis, based on 
a 300 head herd.



Effluent system with Separation

Standard separation   Chemically enhanced Separation



Effluent system with energy generation

13 kW heat 
13 kW electricity

35 kW heat 
35 kW electricity



Fugitive methane emissions and 
energy potential

System
Methane 
Emitted 
(Uncontrolled)

Standard 
separation   
(VS removal = 33%)

with 
Polymer 
(VS removal = 85%)

with AD 
(Covered 
Pond)

Energy 
Recovery 
Potential

PB 38.5 m³ 
CH₄/day

↓ 24% → 
~29.3 m³

↓ 70% → 
~11.6 m³

↓ 70% → 
~11.7 m³

285 
kWh/day 
(heat only)

PMR
~2.5× PB = 
~96.3 
m³/day

↓ 29% → 
~68.4 m³

↓ 74% → 
~25.0 m³

↓ 83% → 
~16.4 m³

612 
kWh/day 
(13 kWel 
CHP)

TMR
~5× PB = 
~192.5 
m³/day

↓ 31% → 
~132.8 m³ not tested ↓ 91% → 

~17.3 m³

1,676 
kWh/day 
(35 kWel 
CHP)

Methane mission reduction



Key Take away for energy generation

Production System Effluent 
Characteristics

Recommended AD 
Technologies Promising Ideas to Test

Pasture-Based (PB) Highly dilute effluent 
(<1.5% TS)

- Covered Anaerobic 
Lagoon

- Modified Covered 
Lagoon

- Mostly suitable for heat 
generation

- Pre- Separation where the solids 
are used to increase solid 
concentration for small scale CSTR

- Pre separation and only treating 
the filtrate in covered lagoons

- Pre separation to treat filtrate with 
membrane digester

Partial Mixed Ration 
(PMR)

Moderately dilute (1–
3% TS), 
some solids,
highly variable

- Covered Anaerobic 
Lagoon

- Modified Covered 
Lagoon 

-   Complete Mix Digester

- Depends on system, either closer to   
PB or TMR

Total Mixed Ration 
(TMR)

Higher solids (>6% 
TS), includes slurry

- Complete Mix Digester
- Plug Flow Digester (if 

manure scraped)

- Co-digestion with energy-rich 
substrates (e.g. brewery waste) to 
increase methane yield

- Using separated solids from PB or 
PMR systems to add to slurry
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