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BIOMASS INPUT IN DANISH AGRO-BIOGAS 

Total: >17 mill tonnes
Total: >2,4 tonnes DM

>30% of DM from 

high lignocel-

biomass

The average DM input = 13,9%
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STRAW FOR BIOGAS

• >200.000 tonnes of traditional straw 

• Is used for biogas today. Addiotnal 

large amounts of seed grass straw.

0-10.000 10.000-20.000 20.000-30.000 30.000-40.000

Treated amount of straw (tonnes/year)

N
u

m
b

e
r

o
f 

p
la

n
ts

Seedgrass straw: 125.000 ha

Potential 600.000 tonnes/year

Around 20% used for biogas today
Rapeseed straw: Not used today
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STRAW ENERGY
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Bushwell energi (komplet omsætning)   

450-600 L CH4/kg VS

Bo=210-300 L CH4/kg VS

K=0,04-0,07

Biogas energi

Complete conversion

LHV (bombekaloriemeter)   

19,8 MJ/kg VS = 551 L CH4/kg VS

Pre-treatment:

+0-12%
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STRATEGIES FOR STRAW

100% straw
Next Generation

plant>10% straw
2 plants

Small amounts of 

straw
Several plants

straw ab field

Secundastraw:

Ensiling

maceration

deeplitter
High quality straw

Briqueting

Pelletizing
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STRAW FOR BIOGAS - A LONG JOURNEY
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STRAW FOR BIOGAS

NGA (+40%)
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DEMONSTRATION OF A CELLULOSE BASED
INDUSTRIAL BIOGAS PLANT

HT (68 

C)

CSTR (55 C)
Anaerob 

filter reaktor UF RO

Lignin 

oxidation

concentrate

Permeate

Permeate

FT

Kali fertilizerAim: 

• Continously single-feedstock

(straw) biogasprocess with high 

yield (>425 L CH4/kg VS)

• High degree of recirculation of 

liquid (By UF, wetoxidation etc.)

• Sequencing of microbiology

focusing on the hyper-

thermophilic step.



AARHUS
UNIVERSITY  Power Bio 2025 Henrik B. Møller

245 245 249
230

300

390 390

275
290

405

383

0

50

100

150

200

250

300

350

400

450

19-05-2022 27-08-2022 05-12-2022 15-03-2023 23-06-2023 01-10-2023 09-01-2024 18-04-2024 27-07-2024 04-11-2024

M
et

h
an

e 
yi

el
d

 (
L 

C
H

4
/k

g 
V

S)

Methane yield

NEW TECHNOLOGY – STRAW AS MONO 
SUBSTRATE

7% straw 

+ 93% DC liq.
6% straw 

+ 47% DC liq.

+47% water 100% straw

+  Sulfur cleaning liquid

+  recirculate  

+  ammonia

+  Phosphate

+  Micronutrients

Brush filter

”long SRT”
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NEW TECHNOLOGY – STRAW AS MONO 
SUBSTRATE
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FG AND NG  AD PLANT FOR LIGNOCELLULOSIC BIOMASS

Hyper thermophilic

Methanothermobacter
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Co-digestion of CM with straw – impact of 

temperature and initial inoculum

Thermophilic inoculum 1

Thermophilic inoculum 2

Mesophilic inoculum 1

Mesophilic inoculum 2

3%

Different archae can do the same work in 

terms of gas yield

Thernophilic Mesophilic
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STRAW AND NITROGEN – THE ACHILLES
HEEL?

Nitrogen

•The models shows 
positive effect on 
NO3 but increased
NH3 loss and 
increased NOX by 
extra transport

Alfam2 model

20252016

pH effekt

Tool box of new 

technologiesIncreadsing

Amount of straw
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FROM CLOVERGRASS TO ENERGY

𝑁 ≡ 𝑁
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Energy

Nitrogen rich

digestate

15% of organic

areas

Set aside grass >200.000 ha

Realistic around 100.000 ha can be used

for harvest for biogas ( 6000 tons N og 

400 tons P for organic farming)

Rhizobium

170 kg N/ha

170 kg N/ha
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PERRENIAL GRASS FROM LOWLAND

Vedvarende græs fra lavbundsområder og arealer, der ikke anvendes til afgrøder. 

>200.000 ha.

Realistisk skøn på kort sigt: 1 slæt og anvendelse af et areal på ca. 100.000 ha til høst af biomasse 

til biogasanlæg svarer til 6000 tons N og 400 tons P, der efterfølgende vil kunne udnyttes til gødning i

økologisk brug

A. Et slæt med tidligt 1. slæt (ca. 10/6) efterfulgt af afgræsning

B. Et slæt med sent1. slæt (ca. 15/7) efterfulgt af afgræsning

C. To slæt med tidligt 1. slæt (ca. 10/6) og 2. slæt ca. 25. august

D. To slæt med sent 1. slæt (ca. 15/7) og 2. slæt 2 mdr. senere

E. To slæt med tidligt 1 slæt og tilførsel af kaliumvinasse (115 kg K/ha og ca. 3kg N/ha).

Stor effekt af 

tildeling af kali
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Total nitrogen (kg/ha) distributed on new 300.000 ha 
organic 

Conventionel Livestock manure AD
Conventionel Livestock manure untreated
Organic livestock manure
Organic waste not recycled by AD today
Organic waste already recycled by AD
Garden waste
Meat and bone meal etc
Struvite
Organic cover crop root N
Organic cover crop for AD
Organic clower grass root N
Grass on 100.000 ha carbon rich soil
Organic clovergrass top N harvested on 15% of area

DOUBLING OF ORGANIC FARMING

300.000 

ha 

510.000 

ha 

65 kg avaialble N

107 kg available N

Green Tripartite

Green 

tripartite
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SUSTAINABILITY OF BIOGAS
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SUSTAINABILITY FOR FUTURE BIOGAS 
TECHNOLOGY
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CONCLUSION

1. Straw plays a major role in the further development of the Danish biogas sector and already today

more than 20% of the gasyield comes from straw or straw rich byproducts. Less than half of the plants

use straw today and most of the straw is used on few plants.

2. There is a huge potential to increase the energy yield from straw and today only 50-60% of the straw

energy is converted to methane. 

3. A new generation of straw plants is emerging with mono digestion of straw where a much higher

energy yield can be achieved with a high GHG reduction.

4. The use of straw results in a fertilizer product with high risk of ammonia losses that need to be solved

by new technology for future development.

5. There is a very high climate impact of biogas from straw that can be increased by CCS. The GHG 

mitigation can be almost doubled by CCS.
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