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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.



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%



Scenarier for det danske energiforbrug

276 (41 %)159 (28 %)114 (15 %)59 (7 %)Sum vedvarende energi

14- Flydende biobrændsler

667573845839Totalt energiforbrug

002513Nettoelektricitetsimport

4832243Vindkraft

168< 1< 1Solenergi

184< 1Biogas

75- Bioenergiafgrøder

35- Bionedbrydeligt affald

70- Fast biomasse

1941198554Biomasse total

12314619295Naturgas

2222165324Kul

246246350348Olie

2025 (3)2030 (1)2005 (2)1992 (1)Enhed: PJ



Scenarium for mere bioenergi fra landbruget (i dag ca. 2 4 PJ)

• 80% af kornhalm 27 PJ
• 80% af rapshalm 4 PJ
• 75% af husdyrgødn. biogas 20 PJ
• Fiberfraktion afbrændes 3 PJ
• 100% rapsolie til energi 5 PJ
• 50% af brak energiafgrøder 9 PJ
• 15% af kornareal energiafg. 43 PJ
• 75% af græsareal på lavbund 5 PJ
• 40% af §3 arealer 5 PJ
• Total 121 PJ

Kilde: DJF – Aarhus Universitet
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4.3084.3084.308Total area

470465460Cities, roads, holiday cottages

230230230Buildings in rural areas

957565Lakes, streams

210205200Heath, dune, bog

133123113Fences, ditches, field roads

650550500Forestry / woods

2.5202.6602.740Agriculture total

450325200Permanent grassland

30015030Non-food, single / multi-annual

0150220Fallow

1.7702.0352.290Arable land

202520051995Unit: 1.000 ha

Source: The Danish Board of Technology, “Biomasse til energiformål – et strategisk oplæg”



Environmental and Nature Conservation considerations ; Permanent 
grassland and pastures – at such areas the nature has the highest priority. 

-Ruman grasing or small amounts of biomass harvesting from extensive
grassland areas can take place if its in a strategy to support the management of 
species-rich grassland, to maintain a high biodiversity. 

Source: J.B. Holm-Nielsen, Department of Bioenergy, SDU, Denmark



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





Biogas plants and substrates Germany; Weiland, FAL



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



Nordjysk Energimajs produktion til biogasanlæg en god kombination med svinegylle
Foto: Jørgen Evald Jensen, chefkonsulent, brønderslev



Grøngas - Feedstocks; Svinegylle – org. affald og energiafgrøder





Source: J.B. Holm-Nielsen , Department of Bioenergy, 
University of Southern Denmark



Source: R. Braun, IFA, Austria



Fremtidens råvarer – prioriteret efter potentiale, tilgængelighed, værdi for 
biogasanlæggene (økonomisk)

• Husdyrgødning; alle slags med eller uden forbehandl ing/separation

• Organisk affald fra alle typer industrier; (hvis kv aliteten er sikret!)

• Landbrugs bi- og affaldsprodukter – afgrøderester/fod errester

• Afgrøder:
- sædskiftearealer
- ekstensive arealer
- naturarealer (naturpleje – biprodukter)

• Bioraffinaderi – symbiose produktion og produkter (ta ger fart internationalt)

• Kildesorteret husholdningsaffald (begrænset ressour ce)

• Grønalger o.l. – havets biomasseprodukter (fremtid)



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



The Green Biorefinery

Source: 

P. Kiel & J.B. Holm-Nielsen
University of Southern Denmark
1994











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



J.B. Holm-Nielsen, P.O. Popiel & M. Madsen, Department of Bioenergy, SDU, Denmark (2005)

Area usage in the EU-25
Unit: 1 000 ha 

Country 
Total 
area 

Agriculture 
area 

Arable land 
(% of total area) 

Forest 
(% of total area) 

Permanent grass 
(% of total area) Fallow 

Austria 8 387 3 374 1 379 16 3 260 39 1 917 23 106 
Belgium 3 053 1 393 833 27 607 20 536 18 28 
Cyprus 925 137 87 9 N/A N/A 1 <1 7 
Czech Republic 7 887 3 652 2 767 35 2 643 34 839 11 83 
Denmark 4 310 2 676 2 479 58 473 11 186 4 205 
Estonia 4 523 698 613 14 2 251 50 67 1 25 
Finland 33 815 2 236 2 204 7 22 487 66 27 <1 211 
France 54 909 29 556 18 275 33 15 403 28 9 972 18 1 280 
Germany 35 703 16 974 11 791 33 10 531 29 4 970 14 835 
Greece 13 196 3 897 2 211 17 N/A N/A  146 1 441 
Hungary 9 303 5 867 4 516 49 1 772 19 1 063 11 195 
Ireland 7 027 4 372 1 177 17 N/A N/A 3 193 45 18 
Italy 30 134 15 546 8 384 28 6 856 23 4 379 15 617 
Latvia 6 459 1 596 973 15 2 862 44 610 9 94 
Lithuania 6 530 2 903 1 639 25 1 997 31 1 203 18 193 
Luxembourg 259 128 62 24 89 34 65 25 2 
Malta 32 10 9 27 N/A N/A N/A N/A 0 
Netherlands 4 153 1 949 1 011 24 353 9 892 21 30 
Poland 31 269 16 899 13 067 42 9 090 29 3 562 11 2 302 
Portugal 9 191 3 846 1 589 17 3 465 38 1 468 16 539 
Slovakia 4 903 2 236 1 377 28 2 002 41 799 16 4 
Slovenia 2 027 505 168 8 1 283 63 307 15 1 
Spain 50 532 25 289 13 081 26 16 493 33 7 125 14 3 195 
Sweden 41 034 3 140 2 680 7 22 323 54 482 1 269 
United Kingdom 24 291 16 352 6 397 26 N/A N/A 9 906 41 33 
Summary, EU-25 393 849 165 229 98 765 25 126 239 32 53 715 14 10 710 

 



Case example of Danish rotational farmland dedicated to Bioenergy and 
biorefining farming year 2030

5,02,522411230

3,31,71497520

1,70,8753710

20 t TS 
per ha

10 t TS 
per ha

20 t TS 
per ha

10 t TS 
per ha

MTOEPJ% of 
available  
farmland

Available land (AL) equals the sum of arable land, fallow, and non-food land year 2030:  
arable land = 1 770 000 ha, fallow = 0 ha, non-food = 300 000 ha, 

AL = 2 070 000 ha. 10 % of AL approximates 207 000 ha,

20 % approximates 414 000 ha, and 30 % approximates 621 000 ha.

1 kg TS is based on the lower combustion value of straw; 18 MJ/kg

1 MTOE (million ton oil equivalents) equals 44,8 PJ



Scenario for the energy future in Denmark

600800-850Total consumption

200650Fossil fuels

~0Geothermal

~0-Wave

~0Hydropower 75-100
~0-passive

~0-photovoltaic

~0Solarpower

9030Windpower

200101Biomass

20252007Energy unit: PJ


