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Emission of odorous gases

Emission and control of odorous gases are major
environmental concerns.

The odor from gases is primarily caused by hydrogen sul�de
and other reduced sulfur compounds.

Hydrogen sul�de is a poisonous gas which can be produced
from the municipal, industrial and biological waste treatment
processes (e.g. biogas).
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Emission of odorous gases

Biogas is a mixture of methane and carbon dioxide (CO2) and
is often contaminated with toxic quantities of H2S.

4



Outline Introduction Objectives Mathematical Model Results and Discussion

Emission of odorous gases

Hydrogen sul�de is extremely toxic to living organisms.

It is highly corrosive, which can result in costly damage to
equipment and piping systems used in biogas handling.
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Biological treatment technology

One of the most e�ective methods for hydrogen sul�de
removal is biological treatment.

Bio�ltration uses microorganisms that are attached to a
packing material to break down pollutants in a contaminated
airstream.
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Biotrickling �lters

Contaminated gas 
ows
through a packed column.

The packing provides
support to microorganisms
known asbio�lm .

Gas absorption occurs
through the bio�lm.

Microorganisms then use
the pollutant as a source
of energy.

Cleaned air is the required
�nal product.
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Biotrickling �lters

Figure: Laboratory-scale and full-scale biotrickling �lters.
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Preliminary studies

Several mathematical models have been proposed to describe
the elimination of volatile organic compounds.

Kim and Deshusses (2003) proposed a dynamic model to
simulate the basic transport and biological processes of
hydrogen sul�de reduction in the biotrickling �lter. The model
considered the e�ect of the gas-bio�lm mass transport
resistence, but assumed constant bio�lm thickness.
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Preliminary studies

Li, et al. (2002) and Martin, et al. (2002) developed a model
to the degradation of hydrogen sul�de.

The model included the biomass accumulation within the
bio�lm.
A Monod kinetic expression was assumed for biomass growth.
However, a constant bio�lm thickness was assumed.
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Preliminary studies

Nevertheless, the experimental results from Potivichayanon
(2006) revealed that the bio�lm thickness also in
uenced the
removal e�ciency.
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Objectives of the project

To develop mathematical a model which describes the
behavior of a biotrickling �lter for hydrogen sul�de.
This work will mainly focus on bio�lm development.

Numerical techniques will be applied to obtain numerical
solution.

The model will be calibrated and validated using experimental
data obtained from Potivichayanon et al. (2006).

Model simulations will be performed to study sensitivity
analysis.
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Model development

Substrate degradation and variation of the bio�lm thickness
are modelled by using the approach of Wanner and Gujer
(1986).

Mass transport in the gas and liquid phases and mass transfer
at the interfaces are modelled by conservative principles of
mass, which are similar to previous works (Kim et al. (2003)
and Li et al. (2002)).
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Mass transport by advective 
ow in gas and liquid phases

Figure: photo courtesy of Li et al. (2002).
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Mass transport by di�usion and biological reaction

Figure: photo courtesy of Li et al. (2002).
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Mass balance for the gas and liquid phases

Vg
@Cg

@t
= � Qg �

@Cg

@�z
� K`Ad

�
Cg

H
� C`

�
(1)

V`
@C`

@t
= Q` �

@C`

@�z
+ K` Ad

�
Cg

H
� C`

�
� Kf Ad (C` � Cb(t ; �z; 0))

(2)

with initial and boundary conditions

Cg (0; �z) = 0 ; Cg (t ; 0) = Cg0;

C` (0; �z) = 0 ; C` (t ; 1) = 0 :
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Mass balance for the bio�lm phase

@Cb

@t
= r +

D
L2

@2Cb

@�x2 +
�x � uL

L
@Cb

@�x
(3)

with boundary conditions

@Cb

@�x
(t ; �z; 0) = 0 ;

@Cb

@�x
(t ; �z; 1) = ( C` � Cb(t ; �z; 1)):
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Bio�lm development

Active and inactive volume fractions are de�ned by

mact =
Vact

V
; minert =

Vinert

V
; Vact + Vinert = V :

Biomass accumulation and its boundary condition are described by

@mact

@t
= ( � act � � )mact �

(u � �x � uL)
L

@mact

@�x
; (4)

@mact

@�x
(t ; 0) = 0 :

The variation in bio�lm thickness with time can be expressedas

dL
dt

= L
Z 1

0
� (t ; x0)dx0+ � (t ): (5)
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Experimental Procedure

Experiments Inlet gas con-
centration
(ppm)

Gas 
ow rate
(ml/min)

Liquid

ow rate
(ml/min)

1 10 500 13
2 20 500 13
3 40 500 13
4 10 500 35
5 20 500 35
6 40 500 35

19



Outline Introduction Objectives Mathematical Model Results and Discussion

Comparison between experimental data and numerical
simulations
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Figure: Qg = 500 ml/min, Ql = 13 ml/min
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Comparison between experimental data and numerical
simulations
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Experimental evolution for outlet H2S concentrations and
numerical simulations
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Experimental evolution for outlet H2S concentrations and
numerical simulations
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Experimental evolution for outlet H2S concentrations and
numerical simulations
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E�ect of gas 
ow rate on removal e�ciency
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E�ect of liquid 
ow rate on removal e�ciency
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E�ect of the height of packed column on removal e�ciency
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Comparison of bio�lm development at various detachment
conditions (close to the bottom of the column)
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Comparison of removal e�ciency at various detachment
conditions
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