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ĄHigh amounts of residues from bio -methane
production applied as N -fertilizers to fields 

Development of bio -methane production in Germany
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Motivation

NH3 losses from biogas slurries on grassland sites

Å high NH3-loss potential: high pH-values (7.5 ï8) und high NH4
+-N 

concentrations

Å loss of fertilizer-N and environmental impacts (indirect GHG, 

acidification, etc.) - Gotenburg-Protocol (NEC directive)

Å Under specific conditions use of grassland competitive with other 

crops for bio-methane production

Å Particular effects of application on grassland on NH3-emissions?
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Modeling of NH3 emissions after application of (biogas) slurries

Åfor increasing scientific understanding of process set-up and 

dynamics 

Åmodel based scenario analysis for assessment of slurry, rotation 

and weather effects on NH3-emissions

Åas part of comprehensive simulation models and assessment 

systems
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Aims and Hypotheses

Aims

Å Development of dynamic model of NH3-emissions from (biogas) 

slurries under different canopy conditions for scenario analyses

Å Development of an empirical NH3-loss model for the identification 

differences between slurry types and influencing factors

Hypotheses

Å Specifically higher NH3-emissions after application of biogas slurries

Å Higher NH3 emissions from grassland as compared to arable fields
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Measurement of NH 3-Emissions
in the joint project āBiogas-Expertó
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Experimental setup

Hohenschulen
(loamy soil)

Karkendamm 

(sandy soil)

Crop rotations

perennial rye grass

(4 cuts)

maize ïwinter wheat -

(catch crop)

maize ïwhole crop wheat ï

it. rye grass

maize monoculturemaize monoculture
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N-fertilization

N fertilizers

Mineral-N (CAN)

Pig slurry

Cattle slurry

Biogas slurry (co-fermented)

Biogas slurry (energy crops)

N-levels (Ntot)

0 kg N ha-1

120 kg N ha-1

240 kg N ha-1

360 kg N ha-1
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Karkendamm (sandy soil)

96 plots

Hohenschulen (loamy sand)
240 plots

Field experiments āBiogas-Expertó 
October 2006 ïMarch 2009
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ÅSimultaneous measurement of organic 

slurry treatments (n = 4)

ÅDuration of measurement campaigns:          

- ca. 3 days after slurry application

ÅHighest N-levels and control (at some dates 

also other N-levels)

ÅNot all slurry application dates

Å18 measurement campaigns

NH3- loss measurements
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NH3-loss measurement approach

Dräger-Tube Meth.

Standard  Comp. 

Method

micromet. method (bLs)

(Gericke et al., subm to Biosys. Eng.)

Plot measurements:

dynamic chamber + passive flux sampler

Control by reference measurements:
micromet. method
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Validity of NH3 loss measurements on plots

Gericke 2009

y = 0.96x + 0.05
r² = 0.99
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Dynamic model of NH3 emissions from 

soil-slurry surface: basic equations

Dissociation NH4
+
Ą NH3 in slurry liquid

acc. Denmead et al. 1982

[ ]
pHTba

TAN
-++

=
/101

[ ]NH
3,l

[NH3,l] NH3-conzentration in slurry layer [g/l]
[TAN] ammoniacal N-concentration in slurry layer [l/m²]
T Temperature [°K]
pH slurry pH [-]

a empirical constant 0.09018
b empirical constant 2729.92

Motivation Measurements NH3 models Results Conlusions



23rdGeneral Meeting of the EGF  āGrassland in a Changing Worldô  

Germany, Kiel, August 29th - September 2nd 2010 Christian-Albrechts-Universität 

zu Kiel

Transfer of NH3 into atmosphere above plant canopy

Dynamic model: basic equations

acc. Sommer and Olesen 2000

])[]([
1

AN
cba

V CC
rrr

F -×
++

=

FV NH3-flux to the atmosphere above canopy [g NH3-N m
-2

s
-1

]
-3

[CN] NH3-N concentration at slurry surface [g N m ]
-3

[CA] NH3-N concentration in theatmopshere [g N m ]
ra resistance of turbulant layer above canopy [m s

-1
]

rb resistance of laminar boundary layer above canopy [m s
-1

]
rc resistance of  canopy and slurry layer [m s

-1
]
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Additional effects considered:

Crop:

effect of LAI on ET and ra and rb

Slurry infiltration:

40% decrease of slurry TAN irrespective of soil  or slurry type

Precipitation:

0.67% of surface TAN washed down by 0.1mm of rainfall

Incorporation:

75% decrease of slurry TAN and 50% decrease of soil water 
content  at the soil surface

Crust formation (biogas slurries):

NH3 losses reduced by 50% after total evaporation of slurry water
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Empirical model

a. Calculation of total emissions based on Michaelis-Menten type 

equation

(Eq.1)
mKt

t
NtN

+
= max)(

Kt

t
NtN

+
=)(

N(t) cumulative emission at time (t)

Nmax asymptotic maximum loss

Km point in time where N(t)=0.5 * Nmax

t time 
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Ni et al., in prep.

acc. Sogaard et al. 2002 (ALFAM model)
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Empirical model

b. Model parameters calculated as product of influencing factors

Model development:
1. Deriving empirical Nmax- and Km-values by fitting of Eq. 1 to NH 3 loss time 
courses of experimental data

2. Fitting of log transformed Eq. 2 to calculated N max and Km by multiple linear 
regression

(Eq. 2)

acc. Sogaard et al. 2002 (ALFAM model)

1 1

max 0 1 0 1
m mx xx x

m m mN A A A and K B B B= =....x x x x....

xm = influencing factor m

Am = parameter for factor m

Bm = parameter for factor m 
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Dynamic model: 

time courses of NH3-loss (parameterization)

biogas slurry, perennial rye grass,

sandy soil, May 2007, 60 kg Ntot ha-1

biogas slurry, perennial rye grass,

Sandy soil, May 2008, 120 kg Ntot ha-1
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1:1

y = a + b*x

rĮ 0.86  

b 0.48   ns

a 0.81   p < 0.0001

RMSE 1.8 kg N ha
-1

Dynamic  model: Validation final losses

Grassland
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Empirical model: factors affecting NH3 losses

KmNmaxvaribale

čĎLAI

wheat grass  Ďwheat/grass>maizeCrop type

ĎĎPrecipitation [mm]

čWind speed 2 m [m s-1]

ĎĎGlobal radiation [ W m-2]

ĎčAir temperature [°C]

ččTotal ammoniacal N applied [kg N ha-1]

Noon > Morning > AfternoonApplication time

čDry matter [%]

ĎpH

Biogas>cattle>pigSlurry type

č increasing Ďdecreasing
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parameterization data set
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0 5 10 15 20

1:1 1:1

validation data set

y = a + b*x

rĮ 0.57  

b 0.71   ns

a 1.61   ns

RMSE 1 kg N ha
-1

y = a + b*x

rĮ 0.86  

b 0.08   ns

a 0.99   p < 0.0001

RMSE 1.6 kg N ha
-1

Empirical model: performance

Grassland
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Dynamic Model: Scenario analysis
(Fertilization and NH3 losses accumulated for two years)
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(Gericke 2009)

Mean calculated losses: 

weather data 1997-2008 

Ntot applied [kg N ha-1] 560 800 420 360
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Conclusions

× Simple dynamic model: valid for grassland sites and 

scenario analyses (slurries applied with trail hoses)

× Empirical model: 
Å explanation of a high degree of variation of  NH3 emissions from 

grassland sites

Å Identification of most important influencing factors

Å Much higher parameter uncertainty as compared to dynamic 

model

× Specifically higher NH3-emissions after application of biogas 

slurries V

× Higher NH3 emissions from grassland as compared to arable 

fields V(mainly due to slurry application in summer)
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