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Scenarios for the global mean temperature 

Source: IPCC 



Changes in the water balance in the 2050ôties 
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                       Published by AAAS: J. A.  Foley et al.,  Science  309, 570 -574 (2005)  

Fig. Worldwide extent of human land-use and land-cover change 
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ñ We are what we are eating! ò 

Food ï Feed ï Fuel considerations 

 
Global food requirement for three diets: vegetarian: 2388 kcal cap-1 day-1 of 

which 166 kcal cap-1 day-1 from animal products; moderate: 2388 kcal cap-1 

day-1 of which 554 kcal cap-1 day-1 from animal products; and an affluent: 2746 

kcal cap-1 day-1 of which 1160 kcal cap-1 day-1 from animal products. The actual 

population size in 1998 (5.9Ā109 people) and the estimated population size in 

year 2050 (9.37Ā109 people), as expressed in grain equivalents 109 tons dry 

weight per year. Adapted from Wolf et al. 

 

Diet type Vegetarian 

diet 

Quality diet 

 (Moderate) 

Affluent 

diet 

Year 1998 2050 1998 2050 1998 2050 

Food 

requirement 

[109tTS Āyear-1] 

2.80 4.45 5.17 8.21 9.05 14.36 

Wolf J., Bindraban P.S., Luijten J.C., Vleeshouwers L.M.: Exploratory study on the land area required for global food 

supply and  the potential global production of bioenergy. (2003) ñAgricultural Systemsò, Vol. 76, 841-861.  
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Percentage of present agriculture and arable land required   

for food production under moderate diet with crop yielding equal to 

6 t TS grainĀyear-1 (1998), and 9 t TS grainĀyear-1 (2050)  

EU-27 
World 

(1998) 

World 

(2050) 

Population [people] 4.9Ā108 5.9Ā109 9.37 Ā109 

Agricultural area [1000 ha] 19.7Ā107 50.1Ā108 50.1Ā108 

Arable land [1000 ha] 11.3Ā107 14.0Ā108 14.0Ā108 

Land requirement [haĀyear-1] 7.1Ā107 8.6Ā108 9.1 Ā108 

Percentage of total agricultural area [%] 36.0 17.2 18.2 

Percentage of arable land [%] 62.4 61.4 65.0 
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a. Crop lands 
    -green area 

 

b. Pasturelands 

    - partly green 

      areas 

 

c. Rain forests and   

    forests 
    -  no go!!!  

 

d. Deserts areas  

algal productions 

Solar-biofuels refineries.!!! 

 

e. More actions now - 

What are we waiting fore? 



9 

World energy scenarios ï Future goals 

No. Bioenergy potentials - terrestrial Predicted value Source 

1. Non collected straw (50%)   75 000 PJ/year Sanders J.: Biorefinery, the bridge between 

Agriculture and Chemistry. Wageningen 

University and Researchcenter. 

Workshop: Energy crops & Bioenergy. 

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

3. Forest/pastures (50%)  150 000 PJ/year 

4. 10% of arable land ï World Wide 

(20tTS/ha) 
  51 000 PJ/y 

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

Predicted energy crop potentials for 

biogas/bioenergy. Worldwide ï regions 

ï EU25. AAUE/SDU. Workshop: Energy 

crops & Bioenergy. 

5. 20% of arable land ï World Wide 

(20tTS/ha) 
 101 000 PJ/y 

6. 30% of arable land ï World Wide 

(20tTS/ha) 
 152 000 PJ/y 

Sum: 1+2+3+5  371 000 PJ/year   

Total energy consumption forcast Predicted value Source 

Total energy required year 2050 1 000 000 PJ/year 

Sanders J.: Biorefinery, the bridge between 

Agriculture and Chemistry. Workshop: 

Energy crops & Bioenergy. 

Total energy demand  year 2050 1 300 000 PJ/year Shellôs World Energy Scenario 
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Key findings - biomass resources 

45EJ 

90EJ 

180EJ 

360EJ 

720EJ 

0% 50% 100% 150% 200%

0,19%

0,38%

0,85%

1,54%

3,07%

The agricultural land employment and 

primary energy consumption  

World's 

land area 

devoted 

for energy 

crops 

The share of current primary energy consumption (500 EJ) 

Unit: 

EJ yr -1 
Wheat Corn Rice 

Other 

 grain 

Oil  

crops 

Sugar  

crops 

Misc 

crops 
TOTAL 

Global 

Residu

e 

5,58 4,16 6,51 2,01 7,41 6,17 3,89 35,72 

Concluding biomass table 

Biomass from Agriculture 

Biomass from Forestry 

175 ï 402 EJ 

21 ï 128 EJ 

Assumed primary bioenergy 

potential in 2050 

196 ï 530 EJ 

27-01-2012 11 

Final summary of projections and 

potentials of biomass resources 

analysis. 

Å Energy crops today and land devoted for 

cropping 

Å Residues in 2005, Greg J.S. 2010 

Forestry potentials: 

ÅWood including wood from forests, 

forest plantations and trees outside 

forests 0 - 93 EJ/yr. 

ÅWood residues including wood 

harvest residues (22 %), process 

residues (39 %) and wood wastes 

(39 %) to 21 - 35 EJ/yr. 

Å Residues in 2050 - 55-72 EJ, Smeets et al. 2004 

Å Energy crops in 2050 - 120 ï 330 EJ, IEA 

Bioenergy, 2009 

Agriculture potentials: 
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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. 
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Energy unit: PJ 2007            2009            2010   2025 

Biomass 101                112              127     200 

Windpower 30                    30                35       90 

Solarpower ~0  

 

 

75-100 

-photovoltaic ~0 

-passive ~0 

Hydropower ~0 

-Wave ~0 

Geothermal ~0 

Fossil fuels 650                 666            678     200 

Total consumption 

VE pct. 

800-850          809            836   

  9,8%          17,6%          19,4% 

    600 

    66% 

  Source; JBHN ï Centre for Bioenergy, AAU, Esbjerg 2011 , 

  &  Energistyrelsen, Energistatistik foreloebige tal 2010 
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Comparison of the basic principles of the petroleum 

refinery and the biorefinery, Source: Kamm et al. 2006 
Two-platform biorefinery concept   

Source: NREL 2006, Biomass Programm, DOE/US] 
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The Green Biorefinery 
 

 

 

 

 

 

 

 

 

 
From ideas, brainstorms, lab scale, scale up tests 

to full scale reality takes more  than 10 years! 

 

 

 
Source:  

P. Kiel & J.B. Holm-Nielsen 

University of Southern Denmark 

1994. Project for the Danish Board of 

Technology,  
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Energy crops -  Paradigm shift through land productivity and energy 

balance; Crop productions needs                         large changes! 

Biogas 

Gas cleaning 

Heat         Electricity    Fuel   

Fermenter 

Digested 

plant residue 

Å The Sun as energy source 

 

Å  Special energy crops that use the  

    entire vegetation period 

 

Å Total digestion of the whole plant 

 

Å Nutrient cycle possible 

  Low Input   -   High Output 

 

Å Large installations work efficiently  

  and are friendly towards  

  the environment 

 

Å Upgrading of biogas enables complete 

  utilisation of the crop (the gas can be 

  stored) 

 

Å Biorefineries;biothanol/biogas/ 

  biodiesel and higher value products 

                    Source: KWS, D 



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 



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 
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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. 
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