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OUTLINE



ωBiogas, containing mainly methane (CH4) and carbon
dioxide (CO2), is the gaseousfinal product of the
biologicalanaerobicdegradationof organicmatter, in
the absenceof free oxygen.

ωAnaerobicDigestionProcess/BiogasTechnology

ωManure(Cattle,Poultry)
ωSludge (PS,WAS)
ωEnergyCrops(Maize,Sugarbeet, etc)
ωCrop Residues
ωOrganicFractionof MunicipalSolidWaste(OFMSW)

BIOGAS



ωHydrolysis (Stage 1)

ωAcidogenesis (Stage 2)

ωAcetogenesis (Stage 3)

ωMethanogenesis (Stage 4)

ANAEROBIC DIGESTION PROCESS





COMPOSITION OF BIOGAS
(Source: FNR, 2009)

Component Symbol Percentage (%)

Methane CH4 50-75

Carbon dioxide CO2 25-45

Nitrogen N2 < 2

Oxygen O2 < 2

Ammonia NH3 < 1

Water H2O 2-7

Hydrogensulphide H2S < 1



CHARACTERISTICS OF BIOGAS
(Source: FNR, 2012; www.fnr.de)

1 m3 biogas 5.0-7.5 kWh (total)

1 m3 biogas 50-75 % methane content

1 m3 biogas 1.9-3.2 kWh (electricity)

1 m3 biogas Approx. 0.6 l heating oil equivalent

1 m3 methane (CH4) 9.97 kWh (total) 

1 m3 methane (CH4) 3.3-4.3 kWh (electricity)

1 m3 methane (CH4) 1 l heating oil equivalent

















ωMethaneproduction

ωReductionin volatilesolids(VS) contentof sludge

ωReductionof malodors

ωReductionin numberof pathogens

ωUseof biosolids(digestate) asfertilizer

ω Improvedsludgedewaterability

ωTreatmentof highstrengthwastewaters
(thosewith CODof 5000mg/l or higher)

BENEFITS



ωRenewableenergysource(Methane)

ωReducedgreenhousegasemissionsand mitigation of
globalwarming
ωReduceddependencyon imported fossilfuels
ωContributionto EUenergyandenvironmentaltargets
ωWastereduction
ωJobcreation
ωFlexibleandefficientenduseof biogas
ωLowwater inputs

BENEFITS FOR THE SOCIETY



ωAdditionalincomefor the farmersinvolved

ωDigestateisanexcellentfertiliser

ωClosednutrient cycle

ωFlexibilityto usedifferent feedstock

ωReducedodoursandflies

ωVeterinarysafety

BENEFITS FOR THE FARMERS



Basedon their relativesize,functionandlocation,

agriculturalADplantscanbe classifiedas:

ωFamilyscalebiogasplants(verysmallscale)

ωFarm scale biogas plants (small or medium to large
scale)

ωCentralized/joint co-digestion plants (medium to large
scale)

AGRICULTURAL BIOGAS PLANTS



FARM SCALE BIOGAS PLANTS-
500 kW-Biogas Plant in Algermissen



Company ProEn GmbH in Soltau, Germany:

100 tons of renewable biomass daily produces about 4 MW



Biogas Plant for Energy Crops: Wotersen (2.1 MW)



Biogas Plant (2.1 MW) Wotersen  

700 hectaresof maize field





ωIn operationsinceApril 2006, the first plant of its type
in Hamburg (Stellingen) with a capacity of 20.000
t/ year of food left over processing capability to
produceheatandelectricity.

ωSubstrates: Fruit & vegetablewastes; out of date food
from markets; Foodleft oversfrom hotels, restaurants,
canteens.

ωBiogasData: 1 MW plant

Gasproductionrate: ca. 330m3/h

Biogasenergycontent: ca. 6,5 kWh/m3

BIOWERK HAMBURG



BIOWERK HAMBURG



BIOWERK HAMBURG



Biowerk Hamburg: The Substrate



Wüsthof (Soltau, Germany): 

Biogas Plant for supermarket leftovers 













MT ENERGIE ZEVEN PLANT



MT ENERGIE ZEVEN PLANT



MT ENERGIE ZEVEN PLANT



MT ENERGIE ZEVEN PLANT



MT ENERGIE ZEVEN PLANT



HAMBURG WWTP DIGESTERS



ωEnvironmentaland operational factors influence the
ADprocess.

ωEnvironmentalFactors

- Temperature
- pH
- Alkalinity
- Nutrients
- Inhibition & Toxicity
- Mixing

PROCESS PARAMETERS



OPERATIONAL PARAMETERS
Hydraulic Retention Time (HRT)

ωHRTis definedasthe time that the wastewateror sludgeis in
the anaerobicdigester.

HRT (d) = Volume of the digester (m3) / 

substrate added (m3/d)

ωAt a given substrate flow rate, increasing HRT means
enlargingthe volumeof the digester.

ωHRT must be chosen which is a compromise between
maximumdigestionanda reasonabledigestervolume.



OPERATIONAL PARAMETERS
Loading Rate

Loading rate (kg ODM/m3/d) = ODM added (kg/d) / 

digester volume (m3)

Organic dry mass (ODM) (kg) = 

dry mass (kg) ςash residue (kg)

Dry mass (DM) (kg) = fresh mass (kg) ςwater content (kg)



PROCESS PARAMETERS

ωRequiredfermentervolume(m3):

substratedailyadded(m3/d) * retention time (d)

Å Biogasyield(m3):

FM substrate(t) * DM (%) * ODM (%) * yield

(m3/t ODM)



SUBSTRATES

The Origin of Organic Waste Streams - Solid Wastes - Utilized 
For Biogas Production (Weiland, 2000)

Solid Wastes

Domestic

Separately collected vegetable, fruit 
and yard wastes; OFMSW(Organic 
residual fraction after mechanical 
separation of integrated collected 
household waste)

Agricultural

Crop residues, Harvesting residues, 
Rotten products



SUBSTRATES

The Origin of Organic Waste Streams- Waste Slurries- Utilized For Biogas 
Production (Weiland, 2000)

Waste Slurries

Domestic Primary & Secondary Sewage

Sludge

Agricultural Liquid Manure

Industrial Slaughterhouses and Meat-
processing; Fish processing



SUBSTRATES

The Origin of Organic Waste Streams - Wastewater - Utilized 
For Biogas Production (Weiland, 2000)

Wastewater

Domestic Sewage

Industrial

Dairy; Sugar; Starch; Coffee 
Processing; Breweries and Beverage 
Production; Distillery and 
Fermentation; Chemical; Pulp and 
Paper; Fruit and Vegetable Processing



SUITABLE CROPS FOR BIOGAS PRODUCTION
Source: Weliand, 2006

Annual crops Biennial/Triennialcrops Permanent crops

Maize silage Clover-grass silage Ley crops silage

Total cereal silage Alfalfa-grass silage

Sorghum silage Jerusalem artichoke

Fodder beets silage Tops silage

Sugar beets silage

Sunflower silage

Intercropping crops silage

Ryecorn

Tricitalecorn



ω It canbe directly convertedinto electricalpower, e.g., in a fuel
cell.

ω It canbeburnt, releasingheatat hightemperature.

ω It canbe burnt in a CHPfor the simultaneousproductionof heat
andpower.

ω It can be fed into the natural gas network for energy saving
purposesor it canserveasfuel for vehicles,beingdistributedby
gasstations.

ωOften the biogashasto be transportedover long distancesand
hasto bepurifiedbeforeit canbe further utilized.

USE OF BIOGAS



ωThe rough desulfurization and dehumidification steps are
conductedin nearlyall biogasplants.

ωThemethaneenrichmentby the removalof carbondioxideand
other biogascomponentsisonly necessaryif the biogasis to be
fed into naturalgasand/or usedasfuel for vehicles.

PREPARATION OF BIOGAS



ωGenerally, the desulfurization procedure should be always
selectedin relation to the H2S concentration,the massflow of
sulfur, and also to the disposalof the residuesfrom the gas
cleaning.

REMOVAL OF HYDROGEN SULFIDE



ωTheprocedurefor the carbondioxideremovalhasto be chosen
accordingto the followingparameters:

1) minimumrequiredconcentration

2) low consumptionof absorbingor adsorbingmaterial; i.e. high
load,easyregeneration,chemicalandthermalstability

3) no environmentalimpact

4) easyavailabilityandlow price

REMOVAL OF CARBON DIOXIDE



REMOVAL OF CARBON DIOXIDE

Methane enrichment from biogas

Gas scrubbing CO2 is adsorbed by means of washing liquid 

(e.g. Water or caustic soda solution)

Adsorption CO2 is bound at an adsorbent over electrostatic forces, 
adsorbed

Wet membrane process CO2 is separated due to different permeation rates at a 
membrane and afterwards adsorbed by a washing liquid

Dry membrane process CO2 is separated due to different permeation rates at a 
membrane

CO2-liquefaction Phase separation of liquid CO2 and gaseous CH4



ωApart from the local direct conversionof biogasto current and
heat, there is the possibility to clean the biogas,to separate
methaneand carbondioxide,and to feed the methaneinto the
low-pressurenaturalgasnetwork.

ωCarbondioxidecanbecompressedandfilled in bottles for sale.

ωBefore feeding the biogas into the natural gas network, the
followingfeaturesmustbeadjusted:

ωPressure

ωDensity

ωTotalsulfur

ωOxygenandhumiditycontent

FEEDING BIOGAS INTO THE NATURAL 
GAS NETWORK



ωThrough the AD process, most organically bound nutrients,
particularly nitrogen,are mineralized and becomeeasilyavailable
to the plants.

ωBecauseof the increasedavailabilityof nitrogen,digestatecanbe
integratedin the fertilization plant of the farm, asit is possibleto
calculate its fertilizer effects in the same way as for mineral
fertilizers.

FERTILIZER IMPROVEMENT



ωFor optimum utilisation of digestate as fertilizer, the following
practicecriteriaarevalid:

1) Sufficientstoragecapacity(minimum6 months)

2) Restrictedseasonof applicationasfertilizer (duringvegetation)

3) Amountappliedper hectare(accordingto fertilizer plan)

4) Application technique (immediate incorporation and minimum
nutrient losses)

APPLICATION OF DIGESTATE AS 
FERTILIZER



ωDue to its higher homogenity and flow properties, digestate
penetratesin soil fasterthan raw slurry.

ωNevertheless,applicationof digestateas fertilizer involvesrisksof
nitrogenlossesthroughammoniaemissionsandnitrate leaking.

ω In order to minimize these risks, some simple rules of good
agriculturalpracticehaveto be fulfilled:

Avoidtoo muchstirringof digestatebeforeapplication

Applicationof cooleddigestate,from the poststoragetank

APPLICATION OF DIGESTATE AS 
FERTILIZER



Applicationwith draggingpipes,dragginghoses,direct injection in
soilor diskinjectors

Immediateincorporationin soil,if appliedon the surfaceof soil

Applicationat the start of the growingseasonor duringvegetative
growth

Applicationto winter cropsshouldbe startedwith 1/3 of the total
N requirement

Optimum weather conditions for application of digestate are:
rainy,highhumidityandno wind.

Dry, sunny and windy weather reduces the N-efficiency
considerably.

APPLICATION OF DIGESTATE AS 
FERTILIZER







ωTheexperiencegatheredin Europewith saferecyclingof digestate
as fertilizer indicatesthat the aspectslisted below shouldalways
beconsidered:

Permanentcontrol ADprocessstability (temperature,retention time)
to obtaina stableendproduct(digestate)

Sanitationof digestateaccordingto Europeanregulation standards,
for effectivepathogenreduction

Periodicalsampling,analyzinganddeclarationof digestate

QUALITY CONTROL & SAFE 
RECYCLING OF DIGESTATE



ωRecyclingdigestateby integration in the fertilizer plan of the farm
and by using άƎƻƻŘagricultural ǇǊŀŎǘƛŎŜέfor application of
digestateon farmland

ωCareful selection of AD feedstock types and loads, based on
complete declaration and description of each feedstock load
indicatingasa minimum: origin, composition,pH, DM, content of
heavy metals and persistent organic compounds, pathogen
contaminationandother potentialhazards

QUALITY CONTROL & SAFE 
RECYCLING OF DIGESTATE



ωOneof the important aspectsregardingrecyclingof the digestateis
the load of nutrients on farmland. Nitrate leachingor phosphorus
overloadingcanoccurdue to inappropriatehandling,storageand
applicationof digestateasfertilizer.

ω In Europe,the Nitrate Directive(91/676/EEC)restrictsthe input of
nitrogen on farmland, aiming to protect the ground and surface
water from nitrate pollution and allows maximum 170 kg
N/ha/year.

ωNutrient loadingon farmlandis regulatedby national legislationin
mostEuropeancountries.

NUTRIENT MANAGEMENT IN DIGESTATE




