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Development  in global mean temperature

Source: IPCC



Biogas for a sustainable clean environment
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Data of total area and areas of interest for biomass production for each 

member of EU-27; area data in millions of hectares
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Data of total area and areas of interest for biomass production for each 

member of EU-27; area data in millions of hectares
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Cultivation of non-food crops in Germany in 2006

1,561,000*396,000360,000805,000Total 

10,00010,000Pharmaceutical crops

2,0002,000Fibres

18,00018,000Sugar

128,000128,000Starch

295,00077,000188,00030,000Other energy crops(incl.maize)

5,0001,0004,000Sunflower

3,0003,000Oilseed lin

1,100,000318,000172,000610,000Rapeseed

with energy 

crop premium

without 

energy crop 

premium

Set aside

Base areas*
Total

Surface area in ha

Raw materials

Source: Shusseler P. Fachagentur Nachwachsende Rohstoffe e.V. (FNR - Agency of Renewable Resources). Personal communication, 2006.

*1,561,000 ha is 13.2% of the German arable land



Energy crop potential in EU-27, depending on percentage 
of utilized arable land and achieved crop yield

410 Mtoe18,380 PJ274 Mtoe12,253 PJ137 Mtoe6,127 PJ30 t TS/ha

274 Mtoe12,253 PJ182 Mtoe8,169 PJ91 Mtoe4,084 PJ20 t TS/ha

137 Mtoe6,127 PJ91 Mtoe4,084 PJ46 Mtoe2,042 PJ10 t TS/ha

30% arable land in

EU-27

20% arable land in

EU-27

10% arable land in

EU-27Yield

New EU energy plan include a cut in CO2 emissions by at least 20% by 
2020. The commission will propose increasing the use of renewable energy 
sources to 20% of the total demand, to limit global temperature changes to 
no more than 2°C above pre-industrial levels. It also wants to improve the 

EU's energy efficiency by 20%. This would make Europe the most 
energy-efficient region in the world.



Methane potential originated from energy crops 
from 5% of the arable land in EU-27 with the 
cropping yield equal to 10, 20, and 30 tTS/ha

68.5 Mtoe45.5 Mtoe22.8 Mtoe

76.0 billion 

m3CH4

50.7 billion 

m3CH4

25.3 billion 

m3CH4Methane 

potential

30 tTS/ha20 tTS/ha10 tTS/ha
Energy 

crop yield



Estimated amounts of animal manure in EU-27 (based on Faostat, 2003)
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Energy potential of pig and cattle manure in EU-27

18.582720,51931,5681,578

[Mtoe][PJ][106 m3][106 m3][106 tons]

PotentialPotentialMethaneBiogas
Total 

manure

Methane heat of combustion: 40.3 MJ/m3; 1 Mtoe = 44.8 PJ

Assumed methane content in biogas: 65%



Source: European Commission

182 Mtoe can be achieved from biomass cultivated on 20% of arable 
land in EU-27.

This corresponds to more than 10% of primary energy demand in 2020, 
equals 50-60% of the RES share.



Cultivation target:
Stepwise increase of the energy yield to

approximately 100 % in 10 years

Nowadays silo 
maize varieties

Energy Maize

15 – 18 t/ha

30 t/ha

Source:

KWS



Growth Progress of a Conventional Silo Maize (SM) 
and an Energy Maize (EM)

Clearly later harvest of the Energy Maize

GTM-

yield/ha

Flowering

SM

Flowering
EM

Harvest
SM

Harvest
EM

Time

Source: KWS



Harvest of energy maize

Source: KWS



Source: R. Braun, IFA, Austria



Increasing biomass cultivation for biogas production

86,91213,603Total crop cultivation for biogas

66,98810,628Maize crop

2005
[ha]

2004
[ha]

Source: Shusseler P. Fachagentur Nachwachsende Rohstoffe e.V. (FNR - Agency of 

Renewable Resources). Personal communication, 2006.



The Green Biorefinery

Source: 

P. Kiel & J.B. Holm-Nielsen

University of Southern Denmark

1994



Source: T. Al Seadi, Department of Bioenergy, SDU, Denmark



Source: T. Al Seadi, Department of Bioenergy, SDU, Denmark



Source: T. Al Seadi, Department of Bioenergy, SDU, Denmark



. 
Ribe Biogas; 15 years of production, 18.000 m3 biogas/day. 
Source J. B. Holm-Nielsen, Bioenergy Dept., SDU, Denmark.





Biogas plants and substrates Germany; Weiland, FAL



• Boilers

• Internal combustion

engines

• Gas turbines

• CHP applications

• Industrial utilisation

• Fuel cells

Biogas Utilization



Biogas in the natural gas grid

- Dynamic and flexible utilisation
- Supplementary supply to N-gas

- Multi purpose utilisation

- Combining and synergies

Demands for integration:
1. Cooling, draining and drying

2. Cleaning for H2S – biological and/or chemical

3. Separation of CO2 and upgrading into natural gas 
quality

Facts: Biogas in the natural gas grid - 14 European upgrading facilities

exists 2006, and more is in construction.



Biogas utilization:







Source: UNCTAD based on data from BP Statistical Review of World Energy June 2005

Figure 1: World’s natural gas consumption in billion cubic metres, 

1965-2004 (International Energy Outlook 2007, Energy Information 

Administration)



0

2

4

6

8

10

12

14

16

2002 2004 2006 2008 2010 2012

Time [year]

B
io

g
a

s
 p

ro
d

u
c

ti
o

n
 [

M
T

O
E

]

EU White Paper objective

JBHN stipulated

EU Observ'ER, current

production and trend

3.7 4.1

8.6

12.0

15.0

6.0



The future of biogas in Europe!

How to continue a real movement!

• Biogas upgrading & utilisation for:

* Biogas for combined heat and power production.

* Biogas & Natural gas; integration in the European gas       

grid (Combining and synergies of Renewable gas and    

fossil gas)

* Biogas as transportation fuel

* Biogas for high performing gas combi power plants

* Biogas as fuel for micro CHP, - gas grid

* Biogas as fuel in fuel cells, - gas grid

* Biogas for multible purposes; bio-industrial processing



World energy scenarios – Future goals

371 000 PJSum: 1+2+3+5

152 000 PJ
30% of arable land – World Wide 

(20tTS/ha)

6.

101 000 PJ
20% of arable land – World Wide 

(20tTS/ha)

5.

Holm-Nielsen J.B., Madsen M., Popiel P.O.: 

Predicted energy crop potentials for 

biogas/bioenergy. Worldwide – regions 

– EU25. AAUE/SDU. Workshop: 

Energy crops & Bioenergy.

51 000 PJ
10% of arable land – World Wide 

(20tTS/ha)

4.

150 000 PJ/yearForest/pastures (50%)
3.

45 000 PJ/yearCollected waste processing (50%)2.

Sanders J.: Biorefinery, the bridge between

Agriculture and Chemistry. 

Wageningen University and 
Researchcenter. Workshop: Energy 

crops & Bioenergy.

75 000 PJ/yearNon collected straw (50%)1.

SourceNo.

Shell’s World Energy Scenario1 300 000 PJ/yearTotal energy demand  year 2050

Sanders J.: Biorefinery, the bridge between 

Agriculture and Chemistry. Workshop: 

Energy crops & Bioenergy.
1 000 000 PJ/yearTotal energy required year 2050

SourcePredicted value



Thank you for your attention!

You will find more information at our web page:

www.sdu.dk/bio


