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LIVESTOCK MANURE FOR BIOFUEL
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AD – THE MOST DEVELOPED BIOFUEL
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NUTRIENTS IN LIVESTOCK MANURE

5.7 kgN/c 

 

 

  
9% 

 

  

 

es animal 
  

 
vegetal 

 

 
 

Europe, 2009-2013 
TgN/yr 

 
 

atmosph. 
depos 

 

 
 

1 TgN/yr 
 
 

Human diet 

Synthetic 
fertilizers 

symbiotic 
N2 fix 

 
Import feed 

2.7 

 
 
 
 

ruminants :  5 
monogastrics: 4 

 
 
 
 
 
 
 
 
 

1.7 

1.2 

 
 
 
 
3.3 

 
 
4.7 

 
4.3 

 
 
 
 
 
 
 

9.3 
 

harvest 

14.2 
 
 
 
manure 

 

 
7 
 

2 

 
4.2 

 
 

11 
4 

gaseous 
losses 

 
 
 

 
2 
 

loss 

 
9 

 
 

7.3 

losses 

 

 
 

livestock 

 
130 Mlu 

permanent 
grassland 

75 Mha 

 
forest 

176 Mha 

 
cropland 

 
120 Mha 

Adapted from Billen G. et al 2021

Europe (TgN/year)

Total input
14,6 TgN/year

2,7

9

1,2

1,7

1 Mt = 1million tons = 1012 g = 1 Tg)

14,2 TgN/year
Goes through animal

8 TgN/year
Ends up in 
manure

4 TgN/year
Gaseous
losses 3,3 TgN ends

up in products



AARHUS
UNIVERSITY
DEPARTMENT OF BIOLOGICAL AND CHEMICAL ENGINEERING

ATF 2024 Henrik B. Møller

LIVESTOCK AS A SOURCE OF GHG

Global animal population
and methane emitted by
enteric fermentation and
manure management. Data from FAO (2023)
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Relative contribution to CH4 emission worldwide

cattle buffalo Goat Sheep pig Chicken

104 Mt 18 Mt
CH4: Hard to capture when it has 
been let out of the bottle!
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SUSTAINABILITY OF BIOGAS
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SUSTAINABILITY OF BIOGAS

F(t) = (VSd + 0.01× VSnd)× exp (lnA - Ea/RT)
Two VS pools of volatile solids (VS)
•degradable VS (VSd)
•”non-degradable” VS (VSnd)

Temperature response of CH4 production expressed via Arrhenius 
relationship
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BIOGAS POTENTIAL

Increasing retention time



Impact of technology - HRT
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INFLUENCE OF DIET WITH FOCUS ON FAT 
SUPPLEMENT AND ROUGHAGE TYPE

Win-Win

Increasing amount of fat 
reduce enteric methane
production
and at the same time 
increase methane potential

Increasing amounts of fat
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IMPACT OF ADDITIVES
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• 2 levels of fat (Low fat (LF); 30 g CF/kg DM or
High Fat (HF); 63 g CF/kg DM)

• 2 levels of nitrate (source: SilvAir®) (0 g/kg DM;
Urea or 10 g/kg DM; NIT)

• 2 levels of 3-NOP (0 mg/kg DM; Blank or 80
mg/kg DM; 3-NOP)

Treatments
Cows were fed ad libitum. Diets were formulated with 50% forage
inclusion of dry matter (DM). Forage DM constituted 48% grass-clover
silage and 52% maize silage.

Methane Potential of Manure from Dairy Cows 
Supplemented with Dietary Fat, Nitrate and 3-NOP
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AD AND ANTIBIOTICS!
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IMPROVED CARBON MANAGEMENT! 

• Frequent discharge of manure 
combined with treatment

• + More degradable 
carbon for biogas

Storage technologies are 
needed!
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THE DANISH BIOGAS SECTOR

1.9 x 2.4 x

Intensification and changes of the biogas sector in Denmark in recent years

• More than doubling of amount of biomass utilized in anaerobic digestion 
and energy produced from 2016 to 2024;

• Change on feedstock composition driven by larger utilization of deep litter 
and straw:

• Deep litter fraction: 9% of total mass in 2023  increase of 70%;
• Straw fraction: 2% of total mass in 2022  increase of 125%:
• Some biogas plants operate with up to 25% deep litter + straw!
• There are new projects with 100% straw

2023201620232016
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DIGESTATE

TS increase in by 52% from 2016 until today  slower soil 
infiltration rate  longer digestate exposition to atmosphere 
increased risks for NH3 emissions during field application.

ALFM2 model

NH3 emissions mitigation technologies:

• Acidification with H2SO4 (expensive, over S fertilization);
• Soil injection (expensive, crops damage, not suitable for hard 

soils);
• Plasma treatment
• Solid-liquid separation.
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DIGESTATE
Valuable compost
Ash (P-fert.)
Energy (heat)
NOx
Biochar (P-fert.)
Energy (heat+el.)
(NH4)2SO4

Solid-liquid separation

Liquid

CV

Composting

Incineration

Pyrolysis

MembranerRO,
UF

Destilering/
kondensering

Stripping/
scrupping

(NH4)2CO3
PK

(NH4)2SO4
(N)PK

NPK
water

Direct use

50-70% of P
70-90% of N

30-50% of P
10-30% of N

NPK

Solid

Today (DK)
>35% of animal 
slurry 

Biogas

<1% 

Struvit NH4PO4Mg
water

>10% 

Plasma 
treatment

CV
(NH4 rich fertilizer

Digestate Rich in nutriens but highly variable 



AARHUS
UNIVERSITY
DEPARTMENT OF BIOLOGICAL AND CHEMICAL ENGINEERING

ATF 2024 Henrik B. Møller

PYROLYSIS OF FIBER FROM AD
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THE ROLE AND FUTURE OF BIOGAS IN EUROPE

0
200
400
600
800

1000
1200
1400
1600

Energy for biogas (kwh/citizen)

Data from: EBA Statistical Report 2023

0

100

200

300

400

500

600

700

800

Total production

To
ta

l E
ne

rg
y p

ro
du

ct
io

n(
PJ

/y
ea

r)

Belgium

The Netherlands

Polan

Czech Republic

Denmark

Spain

France

UK

Italy

Germany

EBA: Doubling before 2030



AARHUS
UNIVERSITY
DEPARTMENT OF BIOLOGICAL AND CHEMICAL ENGINEERING

ATF 2024 Henrik B. Møller

THE ROLE AND FUTURE OF BIOGAS IN DENMARK
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CONCLUSIONS

 Animal manure contains large amounts of carbon and nutrients that can be 
used and transformed into biofuel and fertilizers

 AD is the most developed route for utilization of carbon from animal manure 
to biofuel

 AD is an important tool to reduce the agricultures carbon foot-print and 
optimize gain of feed additives, feed and management changes.

 AD can degrade most antibiotics
 AD plays a major role in the transformation of the society to green energy
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Increasing amounts of fat
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