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Calculation of water content and wood moisture content

Calculation of heating value of moist total mass

Heating value of wood relative to water content

HU (w): 	 Energy value (MJ/kg) of wood at water 	
	 content w
HU (anhyd):	 Energy value (MJ/kg) of wood dry mass 	
	 in anhydrous state
2.44:	 Heat of vaporisation (MJ/kg) of water 
	 at 25 °C
w:	 Water content (%)

0 10

Heating value Hu (kWh/kg)

Source: Bayerisches Landesinstitut für Forstwirtschaft (Merkblatt 12)

Heating value of wood relative to water content

© FNR 2011
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Source: Leitfaden Bioenergie, FNR (2007)

Typical mass and energy yields in agriculture and forestry

Mass yield
(w 15 %)
t/(ha•a)

Average 
heating 
value HU

(w 15 %)
MJ/kg

Gross annual 
fuel yield

MWh/(ha •a)

Heating oil 
equivalent
l/(ha•a)

Residues

Residual  
forest wood

1.0 15.6 4 434

Grain straw 6.0 14.3 24 2,390

Rapeseed straw 4.5 14.2 18 1,771

Hay from 
landscape 
conservation

4.5 14.4 18 1,803

Energy crops

Short-rotation 
plantations 
(e.g. poplar, 
willow)

12.0 15.4 51 5,120

Whole grain 
plants

13.0 14.1 51 5,086

Grain 7.0 14.0 27 2,772

Fodder grasses 
(e.g. tall fescue)

8.0 13.6 30 3,016

Miscanthus 
(3 years after 
cultivation)

15.0 14.6 61 6,081

    Water content w [%] 	 =

 
	 Wood moisture 	  
	  content u [%]  

Weight of water [kg]
Weight of moist wood [kg]

Weight of water [kg]
Weight of dry wood [kg]

x 100

x 100=

       Hu (w)   = Hu (anhyd) •  (100 - w) - 2.44 • w
100
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Water content
[%]

Mass
[kg]

Heating value
[MJ/kg]

Energy content Heating oil 
equivalent 

[l][MJ] [kWh]

Wood logs (per stacked m3)

• Hardwood (beech)

- air dried 18 476 14.7 6,997 1,944 194

- naturally dried 35 600 11.1 6,660 1,850 185

• Softwood (spruce)

- air dried 18 309 15.0 4,635 1,288 129

- naturally dried 35 389 11.4 4,435 1,232 123

Wood chips (per m3)

• Hardwood (beech)

- air dried 18 280 14.7 4,116 1,143 114

- fresh cut 50 460 8.0 3,680 1,022 102

• Softwood (spruce)

- air dried 18 182 15.0 2,730 758 76

- fresh cut 50 298 8.2 2,444 679 68

General weight data (per t)

• Hardwood (beech)

- air dried 18 1,000 14.7 14,700 4,083 408

- naturally dried 50 1,000 11.1 11,100 3,083 308

• Softwood (spruce)

- air dried 18 1,000 15.0 15,000 4,167 417

- naturally dried 35 1,000 11.4 11,400 3,167 317

• Herbaceous (straw, grain stems, etc.) 15 1,000 14.5 14,500 4,028 403

Biofuels (per m3)

• Rapeseed oil < 0.1 920 37.6 34,590 9,609 961

• Biodiesel (rapeseed methyl ester) < 0.03 880 37.1 32,650 9,093 909

Biogas (per m3) < 1 1.2 18.2 21.8 6 0.6
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Source: FNR (2007 – modified and supplemented after Leitfaden Bioenergie 2005, Table 3.1.12)

Combustion data for solid, liquid and gaseous biofuels
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Fuel consumption to 2025 

Biofuels in comparison
Distance attained by a passenger car on fuel from 1 ha of cultivated land.
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2004 2005 2006 2007 2008 2009 2010 2015*2011* 2012* 2013* 2014* 2020* 2025*

Petrol * OutlookDiesel

Source: BAFA, MWV, FNR

Fuel consumption to 2025

© FNR 2011

Passenger car fuel consumption: petrol 7.4 l/100 km; diesel 5.1 l/100 km

Source: FNR 	 © FNR 2011
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Approximately 52 million tons of fuel were consumed in 
Germany in 2010. Alongside diesel with 58 % and petrol 
with a little more than 36 %, biofuels accounted for 5.8 % 
or 3.8 million tonnes.

Primary fuel consumption 2010 Biofuel share: 5.8 % (by energy)

Consumption of biofuels

*As percentage of total fuel consumption, by energy

2005 2006 2007 2008

1,000

0

4,000

3,000

2,000

Vegetable oilBiodiesel Ethanol

1,000 t

2009 2010

2.2m t

4.1m t
4.5m t

3.7m t
3.5m t

3.6 %

5.5 %

3.8m t

5.8 %5.9 %

7.2 %

6.3 %

Biofuel share*

Source: BAFA, FNR (2011)

Consumption of biofuels

© FNR 2011

Percentages by energy content

2,582,000 t  (4.3 %)

61,000 t  (0.1 %)

Biofuel share                        5.8 %

1,161,000 t  (1.4 %)Bioethanol

Vegetable oil

Biodiesel

Petrol  36.4 %
18,486,000 t

Diesel  57.8 %
29,839,000 t

Source: BAFA, FNR (2011) 

Primary fuel consumption 2010 

Total
52m t

© FNR 2011
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Bioethanol (raw materials used in production)

Raw material
Biomass yield 

(FM) 
[t/ha]

Bioethanol yield 
[l/ha]

Biomass required 
per litre of fuel 

[kg/l]

Grain maize 9.0 3,740 2.4
Wheat 7.2 2,760 2.6
Rye 4.9 2,030 2.4
Triticale 5.6 2,230 2.5
Sugar beet 58.0 6,250 9.3
Sugar cane 73.0 6,380 11.4

Straw 7.0 2,310 3.0

Bioethanol sales by volume

Sales (1,000 tonnes) 2007 2008 2009 2010

Ethanol in petrol (E 85*) 5 (6) 7 (8) 8 (9) 11 (13)
Ethanol admixture 89 251 693 1,023
Ethanol admixture in ETBE** 366 367 202 125
Total sales 461 626 903 1,161

Source: BAFA, FNR 	 * 85 % Ethanol and 15 % petrol; ** 47 % Ethanol and 53 % isobutene

Bioethanol trends

1,000

400

800

600

200

0

2005 2006 2007 2008 2009 2010

1,000 t

Source: BDBe, FNR (2011)

Bioethanol trends in Germany

© FNR 2011

Sales by volumeProduction

31
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Production capacity 2010: 1m t

Source: Meó, FNR	  FM: Fresh matter
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Biodiesel (raw materials used in production)

Raw material
Biomass yield 

(FM) 
[t/ha]

Biodiesel yield 
[l/ha]

Biomass required 
per litre of fuel 

[kg/l]

Rapeseed oil 3.5 1,590 2.2

Palm oil 20.0 4,440 4.5

Soya oil 2.9 640 4.6

Jatropha 2.5 610 4.1

Source: Meó, FNR	 FM: Fresh matter

Biodiesel sales by volume

Sales (1,000 tonnes) 2006 2007 2008 2009 2010

Admixture 1,010 1,423 1,612 2,276 2,289

Pure fuel 1,490 1,841 1,083 241 293

Total sales 2,500 3,264 2,695 2,517 2,582

Biodiesel trends

Source: BAFA, FNR

Production capacitySales by volumeProduction
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© FNR 2011
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Development of decentralised oil mills
Decentralised oil mill capacity utilisation: 45.5 % in 2010

Source: TFZ surveys	 a March 2004; b Aug. 2007; c  Aug. 2009; d Of which 34 installations exclusively for edible oil; e  Of which 7 % edible oil

2004a 2006 2007b 2008 2009c 2010

Number of oil mills 219 550 585 601 434 290d

Rapeseed processed (1,000 t) 380 889 983 593 n/a 348e

Use of vegetable oils from decentralised oil mills (%)

Rapeseed oil 
fuel*

Biodiesel Feed oil Edible oil
Technical 

oils

2007 58 38 3.4 0.3 0.7

2010 35 30 22 7 6

Source: TFZ surveys  	 * Mobile and stationary
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Vegetable oils (fuel characteristics)

Vegetable oil
Density
(15 °C)
[kg/l]

Heating 
value

[MJ/kg]

Kin. viscosity
(40 °C)
[mm2/s]

Pour point (°C) Flash point (°C) Iodine value

DIN 51605 requirements 0.910– 0.925 ≥ 36 ≤  36  – ≥ 101 ≤ 125 

Rapeseed oil 0.92 37.6 35   -2 to  -10 > 220   94 to 113

Sunflower oil 0.92 37.1 32 -16 to -18 > 220 118 to 144

Soya oil 0.92 37.1 32   -8 to -18 > 220 114 to 138

Olive oil 0.92 37.8 38   -5 to   -9 > 220   76 to   90

Jatropha oil 0.92 36.8 34    2 to   -3 > 220 102

Coconut oil 0.92 35.3 28  14 to   25 > 220     7 to   10

Palm oil 0.92 37.0 42  27 to   43 > 220   34 to   61

Camelina sativa oil 0.92 37.0 31 -11 to -18 > 220 149 to 155

Palm nut oil 0.93 35.5 24   20 to   24 > 220   14 to   22

Comparison of centralised and decentralised  
vegetable oil production

Oil extraction from 1 t rapeseed* Decentralised Centralised

Proportion of oil extracted [%] 80 99

Oil yield [kg/t oilseed] 336 416

Rapeseed cake yield [kg/t oilseed 660 –

Extraction meal yield [kg/t oilseed] – 580

Oil yield [l/t oilseed] 365 452

Oil yield [l/ha] 1,278 1,582

Source: TFZ, ASG, FNR (modified 2011)

Source: TFZ, FNR	  *  Oil content of seed 42 %
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BTL fuels

BTL (biomass to liquid) fuels, like GTL (gas to liquid) 
and CTL (coal to liquid) fuels, are synthetic fuels whose 
ingredients are precisely tailored to the needs of modern 
engines.

Raw materials for production of BTL fuels

Raw materials Yield (FM)
[t/ha]

Fuel yield
[l/ha]

Required biomass 
per litre fuel [kg/l]

Energy crops 15–20 4,030 3.7

Straw 7 1,320 5.3

Source: Meó, FNR (2009 – Biokraftstoffe – eine vergleichende Analyse)	 FM: Fresh matter 

		

Fuel
Density
[kg/l]

Heating 
value

[MJ/kg]

Heating 
value
[MJ/l]

Viscosity at 
bei 20 °C
[mm2/s]

Cetane 
number

Octane 
number 
(RON)

Flash point 
[°C]

Fuel 
equivalencef 

[l]

Diesel 0.83 43.1 35.87 5.0 50 – 80 1

Rapeseedoil fuel 0.92 37.6 34.59 74.0 40 – 317 0.96

Biodiesel 0.88 37.1 32.65 7.5 56 – 120 0.91

Biomass to liquid (BTL)a 0.76 43.9 33.45 4.0 > 70 – 88 0.97

Petrol 0.74 43.9 32.48 0.6 – 92 < 21 1

Bioethanol 0.79 26.7 21.06 1.5 8 > 100 < 21 0.65

Ethyl tertiary butyl ether (ETBE) 0.74 36.4 26.93 1.5 – 102 < 22 0.83

Biomethanol 0.79 19.7 15.56 –       3       > 110       –       0.48

Methyl tertiary butyl ether (MTBE) 0.74 35.0 25.90 0.7 – 102 -28 0.80

Dimethyl ether (DME) 0.67 b 28.4 19.03 – 60 – – 0.59

Biomethane 0.72 e 50.0 36.00 c – – 130 – 1.5 d

Biohydrogen (gaseous H2) 0.09 e 120.0 10.80 c – – <  88 – 3.6 d

 b at 20 °C; c [MJ/m3]; d  [kg]; e  [kg/m3]; f  Illustrative example: 1 l biodiesel corresponds to 0.9 l diesel; 1 kg biohydrogen to 3.6 l petrol (used in fuel cell: 7 l)

		

Bi
of

ue
ls

Bi
og

as
Ap

pe
nd

ix
Bi

oe
ne

rg
y

So
lid

 fu
el

s

bio-kraftstoffe.info

Biomethane

Biogas has to be upgraded to natural gas quality (biometh-
ane) before it can be used as a fuel. There are over 90,000 
natural gas powered vehicles on the road in Germany. The 
number of natural gas filling stations is planned to reach 
1,000 in 2011.

Yields of raw material for production of biomethane

Raw mate-
rial yield
[t/ha] FM

Biogas 
yield

[Nm3/t]

Methane 
content

[%]

Methane yield

[Nm3/ha] [kg/ha]

approx. 50 approx. 200 53 4,997 3,598

Source: FNR, according to KTBL (2011)	 Based on silage maize; 12 % storage loss; density of biomethane: 0.72 kg/m3

Fuel Comparison: Properties of Biofuels

Source: FNR	 a  Figures based on FT fuels; 
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EU 2020 target:

Germany’s 2020 target:

All member states face a binding target of ensuring that re-
newable energy sources account for at least 10 percent of fi-
nal energy consumption in the transport sector.

7 % cut in GHG emissions by biofuels placed on the mar-
ket in 2020, based on reference figures for petrol and diesel;  
a  7 % cut in emissions corresponds to a biofuel share of about  
10–12 % in total fuel consumption (Federal Immission Con-
trol Act section 37a [3a]).

aDirective 2009/28/EC of 23 April 2009 on the promotion of the use of energy from renewable sources; GHG: Greenhouse gas
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Framework for Biofuels  

The Europrean directive on the promotion of the use of en-
ergy from renewable sources (Directive 2009/28/EC)a defines 
binding targets for biofuels and regulates their sustainability. 

Standard GHG emissions for biofuels

Quelle: Source: FNR, according to UFOP (2011 – EU Directive 2009/28/EC)  © FNR 2011

100 %

Fossil fuel

Biomethane from slurry

BTL (FT diesel) from farmed wood³

Ethanol from wheat straw³

Ethanol from sugar cane

Ethanol from sugar beet

Ethanol from wheat2

Ethanol from wheat

Biodiesel from palm oil1

Biodiesel from palm oil

Biodiesel from soya

Biodiesel from waste

Biodiesel from sunflowers

Biodiesel from rapeseed oil

Hydrated rapeseed oil

Rapeseed oil

90 % 70 %80 % 60 % 50 % 40 % 30 % 20 % 10 %
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EU requirements/GHG savings 

GHG emissions in g CO2 eq/MJ

0

Growing Transport Processing, in g CO2 eq/MJ ≤ 54.5 g from 2010/13≤ 41.9 g from 2017≤ 33.5 g from 2018

 1 With methane capture; 2 Natural gas CHP; 3 Future biofuel options — basis: estimated standard figures from 2009/28/EC
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Standard GHG emissions for biofuels

Sustainability of Biofuels

Requirements on the sustainability of biofuels and electricity 
from liquid biomass apply since January 2011. The criteria are 
laid down in the Sustainability Ordinance for Biofuels and 
Biomasselectricity (Biokraftstoff- und Biostrom-Nachhaltig-
keitsverordnung). From 2011 on biofuels must save at least  
35 % in greenhouse gas emissions and meet other sustainabil-
ity criteria spanning the entire production and supply chain. 



30 31

Source: FNR (2011)

The use of biofuels in agriculture is tax-free. Biomethane 
used pure as a fuel is tax-free till 2015.

Biofuels selected for special support: 
•	 Ethanol with an ethanol content of at least 70 % (V/V), e.g. 

E 85 (lower tax rate on ethanol content)
• 	BTL fuel and ethanol from cellulose (tax-free to 2015)

Fuel standardisation

Fuel composition and quality labelling are laid down in 
the 10th Ordinance Implementing the Federal Immission 
Control Act (10. BImSchV).

Fuel Standard Notes

Diesel (B 7) DIN EN 590 Diesel fuel with up to 7 % V/V biodiesel 
(as of 05/2010)

Biodiesel (B 100) DIN EN 14214 Fatty acid methyl ester (FAME) for diesel 
engines (as of  04/2010)

Rapeseed oil fuel DIN 51605 Rapeseed oil fuel for engines suited for 
running on vegetable oils (as of 09/2010)

Petrol (E 5) DIN EN 228
Unleaded petrol with up to 5 % (V/V) 
ethanol or 15 % (V/V) ETBE  
(as of 09/2009)

Ethanol DIN 15376 Ethanol as blend component in petrol  
(as of 04/2011)

Petrol E 10 DIN 51626-1 Petrol E 10 with up to 10 % (V/V) ethanol  
(as of  04/2009)

Ethanol E 85 DIN 51625

-  ≥ 75 % and ≤ 86 % (V/V) ethanol –  
class A (summer)

-  ≥ 70% and ≤ 80 % (V/V) ethanol – 
class B (winter) (as of 08/2008)

Natural gas 
and biomethane

DIN 51624

Biomethane must meet the standard 
for natural gas as a fuel; biomethane 
and natural gas can be admixed in any 
proportion (as of 04/2009)

V/V: Percentage by volume
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Federal Immission Control Act (BImSchG)

Year Diesel quota Petrol quota Total quota

2007 4.4 % 1.2 % –

2008 2.0 % –

2009 2.8 % 5.25 %

2010 2.8 % 6.25 %

2011

2012

2013

2014 4.4 % 2.8 % 6.25 %

2015 Decarbonisation 3.0 %

2017 Decarbonisation 4.5 %

2020 Decarbonisation 7.0 %

Tax rates on pure biofuels under the Energy Tax Act 
(EnergieStG)

Year Biodiesel [euro cents/l] Vegetable oil [euro cents/l]

2006 (Aug.) 9.00 0.00

2007 9.00 2.15

2008 14.88 9.85

2009 14.29 18.15

2010–2012 18.60 18.46

2013–2014 45.03 45.03

Source: FNR, according to BImSchG

Source: FNR, according to EnergieStG

The tax relief is not granted for admixed biofuels or for 
biofuels allocated to the quota; it is only granted for bio-
fuels selected for special support.
•	 Energy tax on diesel: 47.04 euro cents/l
• 	Energy tax on petrol: 65.45 euro cents/l
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What is the energy value of biogas?

The energy value correlates with the methane content of 
biogas. This can range from 50–75 % depending on the 
substrate and process. A cubic metre of methane has an 
energy value of about 10 kilowatt-hours (9.97 kWh), so bi-
ogas with a content of 55 % methane has an energy value 
of about 5.5 kWh per cubic metre.

Energy value: 	 5–7.5 kWh/m3 (depending on methane content)
	 Average: 6 kWh/m3 or 21.6 MJ/m3

Heating oil equivalent: 1 m3 of biogas is equivalent to about 0.6 l of 		
		  heating oil

Technical primary energy potential for biogas

Technical primary energy potential  (P J/a)

Year

Source: IE, DBFZ (2009)

Technical primary energy potential for biogas

© FNR 2011

Max. harvest of energy crops (1.15m ha 2007 and 1.6m ha 2020; 2 %/a yield growth)

Min. harvest of energy crops (0,55m ha 2007) Harvest residues and livestock excrements

Municipal biowaste Proportion of potential usedIndustrial bioresidues
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2020
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Development of biogas plants

Biogas plants for biomethane productionBiogas plants for biomethane production
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22.3

 Biomethane in the gas grid

 2009  :   187m Nm3

 2010  :   280m Nm3

 2011*:   570m Nm3

0

34.1

68.1

Upgrading capacity (1,000 Nm3 biomethane/h)

* OutlookUpgrading capacity  Number of plants

Source: Dena, Bundesnetzagentur, DBFZ © FNR 2011

Number of plants Installed electrical capacity (MWel)

Number of plants Installed electrical capacity

2001 2002 2003 2004 2005 2006 20082007 2009

* Outlook

2010 2011*

Source: FNR, according to FvB (2011)

Development of biogas plants in Germany

© FNR 2011
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Renewable Energy Sources Act
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Renewable Energy Sources Act
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Greenhouse gas emissions of biogas plants compared 
with German power mix

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

Energy crops/slurry
(100 %/0 %)

Energy crops/slurry
(70 %/30 %)

Energy crops/slurry
(40 %/60 %)

German power mix

Biomass production Biomass transport Biomass conversion

GHG emissions kg CO²eq/kWhel

Source: IE, DBFZ (2008)

Greenhouse gas emissions of biogas plants compared with German power mix

© FNR 2011

Fertilizer credit for fermentation residue Slurry credit German power mix

Total net emissions

GHG: Greenhouse gas

Biogas upgrading process steps

Source:: FNR (2011)

Organic material

Biogas production

Raw biogas

Gas purification and upgrading  
(desulphurisation, drying, carbon dioxide separation, oxygen removal, 

removal of further trace gases)

Upgrading to natural gas quality  
(odorisation, conditioning, pressure adjustment)

Biomethane

Pure biogas
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Schematic diagram of the fermentation process

Substrates

Fats, proteins, carbohydrates (long-chain polymers)

Phase 1: Hydrolysis

Fatty acids, amino acids, sugar (short-chain monomers and dimers)

Phase 2: Acidification

Short-chain organic acids (e.g. propionic acid), alcohol

Phase 3: Acetic acid production

Products include acetic acid (CH3COOH), carbon dioxide (CO2), hydrogen (H2)

Phase 4: Methane production

Products include methane (CH4), carbon dioxide (CO2), hydrogen sulphide (H2S)

Biogas

Source: FNR (2007)
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Biogas yields of selected substratesBiogas yields of selected substrates

Source: Leitfaden Biogas, FNR (2010)  © FNR 2011

0 50 100 150 200

Biogas yield (Nm³/t FM) 

Substrate

Maize silage

Grain silage (whole plant)

Grass silage

Green cuttings 

Forage rye silage (whole plant)

Apple pomace

Poultry manure

Sugar beet

Sudan grass

Sunflower silage

Draff

Sweet sorghum

Fodder beet

Cattle manure

Sugar beet chips

Potato pulp

Pig slurry

Cattle slurry 56 %

61 %

53 %

72 %

55 %

56 %

54 %

59 %

57 %

55 %

55 %

64 %

68 %

53 %

60 %

54 %

55 %

53 %

Methane content (%)  

Cultivation of various energy crops and their theoretical 
electricity potential (per-hectare figures)

Energy crop Harvest yield  
[t FM/ha]

Methane 
yield [Nm3]

Electricity 
yield [kWh]

Number of 
homes

Maize silage 50 4,997 18,489 5.1

Sugar beet 55 4,673 17,289 4.8

Sudan grass 55 3,435 12,711 3.5

Whole plant 
grain silage 40 3,131 11,586 3.2

Grass silage 36 2,926 10,826 3.0

Source: FNR, according to KTBL (2011)	 Assumptions: 12 % storage loss (except sugar beet); CHP plant efficiency 37 %; 
electricity consumption 3,600 kWh/a per home
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Substrate input in biogas plants 2010 (mass referred)

Substrate input of energy crops in biogas plants 2010 
(mass referred)

Source: DBFZ (2010)

Energy crops  46 %

2 %  Industrial and
 harvest residues

7 %  Biowaste

45 %  Livestock excrements

     

Substrate input in biogas plants 2010 (mass referred)

© FNR 2011

Source: DBFZ (2010)

Maize silage  76 %

11 %  Grass silage

4 %  Cereal grain

1 %  Sugar beet
     

Substrate input of energy crops in biogas plants 2010 (mass referred)

© FNR 2011

1 %  Other

7 %  Whole plant
 grain silage
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Source: FNR

Slurry yield, poultry ~ 7.5 m3/100 animal place •a

1 ha silage maize 7,800 – 9,100 m3 of biogas

1 ha silage maize approx. 10 –20 m3 fermenter volume

CHP plant efficiency electrical 30 – 45 %

CHP plant efficiency thermal 35 – 60 %

CHP plant efficiency total approx. 85 % – 90 % 

CHP plant operating time 7,500– 8,000 operating hours/a

Biogas plant labour requirement 1–5 labour h/kWel

Temp. variation in fermenter <± 2 °C per day

Optimum FOS/TAC range 0.4 – 0.6

Biogas plant electricity requirement 7–10 %

Biogas plant heat requirement 25 %

Film permeability 1.5 ‰ biogas/day

Interruptions per biogas plant per year 1.2 per 10 kWel

Cost of biomethane upgrading, 
250 Nm³ 7.79–10.01 euro cents/Nm³

Cost of biomethane upgrading,   
1,000 Nm³ 5.82– 6.07 euro cents/Nm³

Specific investment costs 

Biogas plant ≤ 500 kWel ¤ 3,000 – 6,000/kWel

Biogas plant ≥ 500 kWel ≤ ¤ 3,000/kWel

CHP plant (gas engine), 150 kWel ¤ 875/kWel

CHP plant (gas engine), 250 kWel ¤ 738/kWel

CHP plant (gas engine), 500 kWel ¤ 586/kWel

Biomethane upgrading plant, 
250 Nm³/h ¤ 13 –17/MWh

Biomethane upgrading plant, 
1,000 Nm³/h ¤ 7–13/MWh
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Key process factors in biogas production

Rules of thumb figures

1 m3 of biogas 5.0 – 7.5 kWhtotal

1 m3 of biogas 1.5 – 3 kWh el

1 m3 of biogas ~ 0.6 l heating oil

1 m³ of methane 9.97 kWh

Slurry yield, cattle 7.5–21 m3/animal place •a

Slurry yield, pigs 1.2–6 m3/animal place •a

Required fermenter volume [m3]
= daily substrate input [m3/d] •average hydraulic retention time [d] 

Hydraulic retention [d] 
Fill volume fermenter [m3]
Substrate input [m3/d]

HRT =

Organic load [kg oDM/m3 •d] 
Daily oDM input [kg/d] 
Fill volume fermenter [m3]

LoDM =

Dry matter [kg]
DM = Fresh matter [kg] - Water content [kg]

Organic dry matter [kg]
oDM = Dry matter [kg] - Raw ash [kg]

Biogas yield [m3]
= FM substrate [t] • DM [%] • oDM [%] • Yield  [m3/t oDM]
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German acts and ordinances on construction and 
operation of biogas plants:
•	 Federal Building Code and secondary legislation 

(BauGB and state building codes)
•	 Federal Immission Control Act (BImSchG)
•	 Environmental Impact Assessment Act (UVPG)
• 	Ordinance on Installations Requiring a Permit  

(4. BImSchV)
•	 Closed Substance Cycle and Waste Management Act 

(KrW-/AbfG)
•	 Animal By-Products Act (TierNebG)
•	 Regulation (EC) No. 1774/2002 of 3 October 2002 laying 

down health rules concerning animal by-products not 
intended for human consumption

•	 Ordinance on Biowastes (BioAbfV)
•	 Feedstuffs Act (FutmG), Cattle Transport Ordinance 

(ViehVerkV) 
•	 Fertilizer Application Ordinance (DüV), Fertilizer 
	 Ordinance (DüMV), Fertilizer Act (DüngG)

Legal stipulations Affected substrates

Fertilizer-related rules

Fertilizer Application Ordinance (DüV)
Fertilizer Ordinance (DüMV)

• All substrates
• All substrates not applied on own land

Pollution-related rules

Ordinance on Biowastes (BioAbfV)
Animal By-Products Act (TierNebG)

• All biowaste not coming under the EU 
    Animal By-Products Regulation
• Fermentation residues with biowaste 
    as coferment

Product hygiene rules

EU Animal By-Products Regulation
Fertilizer Ordinance (DüMV)
Ordinance on Biowastes (BioAbfV)
Animal By-Products Act (TierNebG)

• Substrates of animal origin
• All substrates not applied on own land
• All biowaste not coming under the EU 
    Animal By-Products Regulation
• Fermentation residues with biowaste 
    as coferment

Rules on handling of fermentation residue (biogas slurry)

Source: FNR 
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Legal framework 
Criteria for approval of a biogas plant

Approval of an agricultural biogas plant

Installation for biological treatment (4. BImSchV*) of waste not 
requiring special monitoring > 10 t/day

Biogas plant in connection with livestock holding requiring 
approval, e.g. > 2,000 pig stalls (4. BImSchV)

Slurry storage capacity > 2,500 m3 (4. BImSchV)

CHP plant rated thermal output > 1 MW (4. BImSchV)

Storage of waste not requiring special monitoring 
> 10 t (4. BImSchV)

Planning approval
Approval procedure under Federal 
Immission Control Act (BImSchG)

yes

yes

yes

yes

yes

no

no

no

no

no

Source: Leitfaden Biogas, FNR (2010) 	 *4. BImSchV: 4th Ordinance Implementing the Federal Immission Control Act



42 43

a	 Including for existing plants (commissioned up to 31 Decem-
ber 2008)

b	 No entitlement for electricity from liquid biomass for new 
plants (from 1 January 2009) 

c	 For biogas plants
d	 For combustion of short-rotation wood and landscape con-

servation material
e	 For other wood qualifying for cultivated biomass bonus
f	 No entitlement for plants using gas from a gas grid 
g	 For plants with biogas upgrading to biomethane from 350  

to 700 (max.) Nm3/h 
h	 For CHP electricity generation only
i	 For existing plants (pro rata, up to 500 kWel) new plants 

whose heat use meets the requirements of the second major 
revision of the Renewable Energy Sources Act (EEG)

j	 For existing plants whose heat use does not meet the require-
ments of the second major revision of the Renewable Energy 
Sources Act (EEG)

k	 Cultivated Biomass bonus increased if constant use of at 
least 30 percent  slurry or manure (by weight)

l	 Cultivated Biomass bonus increased if constant use of at 
least 50 percent  landscape conservation material (by weight)

m	 If biomass crops used (Positive List III); compatible with 
plant by-products (Positive List V); Federal Immission 
Control Act (BImSchG) additionally requires new plants to 
have gas-tight fermentation residue storage and additional 
gas consumption installation

n	 Basic tariff increased for BImSchG-compliant plants if 
applicable limits for formaldehyde complied with emission 
minimisation rule under Technical Instructions on Air 
Quality Control (TA Luft)
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Feed-in tariffs for electricity from biomass  
under Renewable Energy Sources Act (EEG) 2009
(euro cents /kWh), with annual degression of 1 % on basic tariffs and bonuses

2010 2011

Basic tariff up to 150 kWel
a 11.55 11.44

150 to 500 kWel 9.09 9.00

500 kWel to 5 MWel 8.17 8.09

5 MWel to 20 MWel
h 7.71 7.63

Cultivated biomass  
bonusa, m

up to 150 kWel 5.94/6.93c 5.88/6.86c

150 to 500 kWel
b 5.94/6.93c 5.88/6.86c

500 kWel to 5 MWel
b 3.96c, d 

/2.48 e
3.92c, d 
/2.46 e

Slurry bonusa, c, f, k up to 150 kWel 3.96 3.92

150 to 500 kWel 0.99 0.98

Landscape conser-
vation material
bonus a, c, l

up to 500 kWel 1.98 1.96

Emission reduction 
bonusa, c, f, n up to 500 kWel 0.99 0.98

Technology bonus up to 5 MWel 1.98/0.99g 1.96/0.98g

CHP bonus up to 20 MWel 2.97 i/1.98 j 2.94 i/1.96 j

Source: FNR 	 Information not legally binding

Appendix

bio-energie.de
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1	 Including obligation to make use of up to 60 % of generated 
heat

	 Exceptions: Plants using ≥ 60 % slurry (by weight) and 
plants participating in direct marketing

2	 Small slurry plants, using ≥ 80 % slurry/manure (by weight)
3	 Basic and input material tariff only if ≤ 60 % maize and 

grain used (by weight)
4	 Bark and forest waste wood
5	 6 euro cents/kWh for slurry/manure for plants > 500 kWel  

to 5 MWel
6	 700 Nm3/ha (approx. 2.8 MWel), 1,000 Nm3/ha (approx.  

4.0 MWel), 1,400 Nm3/ha (approx. 5.5 MWel)
7	 ≥ 90 % biowaste (by weight) in accordance with Ordinance 

on Biowastes (BioAbfV)
8	 For new plants > 750 kWel  from 2014: remuneration only 

through direct marketing (market premium model)
9	 Annual degression of 2 % on basic tariff and bonuses (not 
on input material tariffs)

Calculation of CHP electricity remuneration under  
Renewable Energy Sources Act (EEG) 2009

The CHP bonus only applies to the electricity share cor-
responding to the portion of heat used outside the plant.

CHP electricity (kWh) can be found from the plant’s rated 
electricity output and measured heat output.

Produced electricity • Heat used externally
Produced heat

= CHP electricity
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Remuneration for biomass/biogas plants 
(Renewable Energy Sources Act [EEG] 2012)
(euro cents /kWh)

2012 20139

Basic tariff1, 3

up to 150 kWel 14.30 14.01

up to 500 kWel 12.30 12.05

up to 5 MWel
8 11.00 10.78

up to 20 MWel
8   6.00   5.88

Special tariff2 up to 75 kWel 25.00 24.50

Input material tariff 3

Input material category   
class I

up to 500 kWel 6/64 6/64

up to 750 kWel 5/2.54 5/2.54

up to 5 MWel 4/2.54 4/2.54

Input material category  
class II

up to 500 kWel 8 8

up to 5 MWel 8/65 8/65

Gas upgrading bonus6

up to 700 Nm³ 3.00 2.94

up to 1,000 Nm³ 2.00 1.96

up to 1,400 Nm³ 1.00 0.98

Biowaste fermentation bonus7

up to 500 kWel 16.00 15.68

up to 20 MWel 14.00 13.72

Source: EEG 2012  	                                                                                                                      Information not legally binding

bio-energie.de
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MJ kWh m3 natural gas

1 MJ 1 0.278 0.032

1 kWh 3.6 1 0.113

1 kg hard coal unit 29.31 8.14 0.924

1 kg crude oil equiv. 41.87 11.63 1.319

1 m3 natural gas 31.74 8.82 1

Energy unit conversion factors

m3 l barrels gallons

1 m3 1 1,000 6.3 264

1 l 0.001 1 0.0063 0.26

1 barrel 0.159 159 1 42

1 gallon 0.0038 3.79 0.0238 1

Heating oil/crude oil www.tecson.de/oelweltmarkt.html

Biodiesel www.ufop.de 

Oilseeds and vegetable oils www.oilworld.biz

Chips and pellets www.carmen-ev.de

Wood logs www.tfz.bayern.de

Wood pellets www.depi.de

Agriculture www.ami-informiert.de

German Federal Statistical Office www.destatis.de

Bioenergy www.bio-energie.de

Market reports and prices for fuels and biomass

bio-energie.de

Bioenergy
www.bio-energie.de
Facts and figures on bioenergy
www.fnr.de ("Mediathek"/"Daten und Fakten")
Regional bioenergy advice for farmers
www.bioenergie-portal.info
Bioenergy villages
www.wege-zum-bioenergiedorf.de
Bioenergy regions
www.bioenergie-regionen.de

Further information

Prefixes for energy units

Prefix Abbreviation Factor Quantity

Deca Da 10 Ten

Hecto h 102 Hundred

Kilo k 103 Thousand

Mega M 106 Million

Giga G 109 Billion

Tera T 1012 Trillion

Peta P 1015 Quadrillion

Exa E 1018 Quintillion

Imprint

Publisher
Fachagentur Nachwachsende Rohstoffe e.V. (FNR)
www.fnr.de

Photos
FNR; Biogasplant: Peter Dethloff

Design/Layout
www.tangram.de, Rostock

FNR 2012

Bi
of

ue
ls

Bi
og

as
Ap

pe
nd

ix
Bi

oe
ne

rg
y

So
lid

 fu
el

s



Publisher

Fachagentur Nachwachsende Rohstoffe e.V. (FNR)
OT Gülzow · Hofplatz 1 · 18276 Gülzow-Prüzen · Germany
Tel.: +49 38 43/69 30 - 0
Fax: +49 38 43/69 30 - 1 02
info@fnr.de · www.fnr.de

With funding from the Federal Ministry of Food, 
Agriculture and Consumer Protection in accordance 
with a resolution of the German Bundestag.

Printed on 100 % recycled paper with 
linseed oil-based ink

Order no. 484
FNR 2012


	Renewable energies (bioenergy)
	Solid fuels
	Biofuels
	Biogas
	Appendix

