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Removal of Methanol from Waste Gas Using Biofiltration
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Abstract: Biofiltration of methanol vapor from waste gas using compost and wood chips as filter bed
material is studied. The biofilter used in this investigation is of 110 cm height and 5 cm in diameter. The
inlet methanol vapor concentration is varied from 0.6 to 3.3 ppm with the flow rates ranging from 0.0333
m3/s to 0.1000 m3/s. The equivalent empty bed residence time (EBRT) range is 9 to 30 s, 12 to 33 s and
15 to 48 s for the bed height of 50 cm, 65 cm and 80 cm respectively.  The compost to wood chips ratios
of 1:2, 1:1 and 2:1 are employed in this investigation. The effect of inlet air-methanol vapor flow rate, inlet
concentration, empty bed residence time, bed height and ratio of compost to wood chips on removal
efficiency is studied and found to be significant. The maximum removal efficiency is found to be 93.33
percent and found to strongly depend on the bed height and ratio of compost to wood chips. The percentage
removal efficiency is compared with earlier investigation and found to be effective. The biofilter removed
as high as 596.06 g m-3 h-1 at the empty residence time of 38 s and the compost to wood chips ratio of 2:1.
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Efficiency.

INTRODUCTION

A large quantity of volatile organic compounds
(VOCs) is released from various industrial plants and
processes. These VOCs will rapidly become atmospheric
pollutants and are facing increasingly stringent
environmental regulations[19].

The presence of methanol in air emissions has been
the subject of recent environmental regulations and the
industry is required to apply an appropriate technology
to reduce its percentage. 

Methanol is a hydrophilic VOC [with a water
solubility of 1,000 g/l at 25oC]. This is a hazardous air
pollutant [HAP] listed in title III of the 1990 Clean Air
Act Amendments [CAAA90] proposed by the US
Environmental Protection Agency [EPA][1].

In 1998, the US Environmental Protection Agency
(US EPA) passed the ‘‘Cluster Rule” to regulate the
release of these compounds, including hazardous air
pollutants (HAPs), chemicals that pose great risk to
human or environmental health (US EPA, 1998).
Methanol is the primary focus of these regulations, as it
is released in quantities of over 44,000 tons per year and
represents over 70% of the total HAPs emitted by this
industry (US EPA, 2004), and can contribute to human
health impacts such as cancer, respiratory irritation, and
damage to the nervous system (US EPA, 1998)[1]. 

The current control technologies for volatile organic
compounds such as thermal incineration, wet scrubbing
and adsorption onto activated carbon are often cost
intensive, especially in cases where there are low
concentrations of the pollutants. The removal of volatile
organic compounds (VOCs) from a polluted air stream
using a biological process is highly efficient and has low
installation and operation/maintenance costs[16,17,18]. 

Biofiltration technology offers environmental
advantages: it does not generate undesirable by-products
by converting many organic and inorganic compounds
into harmless oxidation products (e.g., water and carbon
dioxide). Biofiltration involves the passage of a polluted
air stream through a packed bed containing
microorganisms immobilized within a biofilm attached
to the bed-packing material[16,17,18]. 

Contaminants are transferred to the interface
between the gas and biofilm and are subsequently
absorbed into the biofilm. Contaminants are then used as
carbon and/or energy sources for the microorganisms
within the biofilm. The solid filter material provides a
nutrient source and matrix for the attachment of
microorganisms in the biofiltration process. Therefore,
the filter material property is an important factor in
obtaining optimal pollutant removal[16,17,18]. 

The forest products industry produces valuable
industrial and consumer products from wood cellulose,
including paper, paperboard, hygiene products, high
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porosity filters, food casings, rayon filament, and
chemicals such as ethers and acetate. During the
chemical processes that convert wood chips to cellulose
pulp, organic compounds naturally present in wood or
produced during pulping are released to air and
water[1,12].

Any porous material, capable of adsorbing gaseous
compounds and supporting biological growth can be
used as a packing material. The packing material
commonly used include natural materials such as peat,
compost, soil and sludge from sewage treatment plants
and synthetic materials such as vermiculate, granular
activated carbon and extruded diatomaceous earth
pellets.

Support selection is an important step for highly
efficient biofiltration, as complex heat (convection,
evaporation, and conduction) and mass transport
(diffusion and convection) phenomena, associated to the
pollutant biological oxidation, take place in this
heterogeneous medium. In general, metabolic heat
production and overall heat transport are considered to
be negligible due to the low load of pollutants in
biofilters[6,15]. Filter materials with a good adsorbing
capacity were shown to enhance biofilter performance
when biodegradable compounds exhibit low solubility in
water. The adsorptive capacity of packing materials and
the growth of microbial population depend on the
internal pore structure[6].  

Various types of biofilters based on different filter
media are reported in the literature. The choice of the
support medium ranges from cheap natural organic
materials, such as peat, compost, soil (and other fibrous
materials), or mixtures of these materials with bark,
leaves, wood chips, heather branches, humus earths,
brushwood, sugarcane bagasse, or more expensive
synthetic materials, such as granular activated carbon,
plastics, ceramics, and polystyrene particles[6]. 

Among the most common organic supports,
compost, depending on its chemical, physical, and
biochemical properties, can have a wide range of
applications in the agronomic, horticultural, and forest
sectors. The possibility of using it as a packing material
for off-gases treatment is particularly attractive due to its
high specific surface area, high retention capacities of
water and mineral nutrients, and favourable
immobilisation of the microflora. In addition, its
indigenous microflora is made up of a mixture of
aerobic microbes able to degrade most pollutants[6]. 

Biofiltration is a versatile odor and gas treatment
technology that has gained much acceptance in
agriculture engineering and technology. Several research
studies using compost-based biofilters have been
conducted with significant reductions in odor and
specific gases reported. Nicolai and Janni[9] reported a
compost/bean straw biofilter that achieved average odor

and H2S removal efficiencies of 75% to 90%,
respectively. Sun et al.,[13] observed an average H2S
removal efficiency between 92.8% and 94.2%, and an
average NH3 removal efficiency between 90.3% and
75.8% with 50% media moisture content and 20 s gas
retention time. Martinec et al.,[7] also found from several
biofilter research experiments on odor reduction
efficiency up to 95%. The mixture of wood chips and
compost (70:30% to 50:50% by weight) has been
recommended as biofilter media (Nicolai and Janni,
2001a). However, the mixture media can cause a high
air flow resistance that must be overcome, often with the
use of large expensive fans[3,4] which in turn results in
excessive electrical energy use. A wood-chip based
biofilter can reduce the pressure drop but little is known
about the performance of woodchip based biofilters on
reduction of malodor and VOCs emitted from swine
facilities[5].  

The present study is aimed to find the feasibility of
degrading of methanol vapor using the Biofilter
consisted of mixture of compost and woodchips that
support the microbial population. The effects of compost
to woodchips ratio, inlet air-methanol vapor flow rate,
inlet concentration, empty bed residence time (EBRT)
and bed height on biofiltration of methanol are studied.

2. Experimental Setup: The experimental set-up and its
ancillary connections are shown schematically in Figure
1. The biofilter is made-up of acrylic column with the
height and diameter of 110 cm   and 5 cm respectively. 

The column has three sections. The first section is
10cm in height and that of second and third sections are
90 cm and 10 cm respectively. The first section is at the
bottom; the second section is in middle and the third
section is at the top. 

The filter bed material is kept at the middle section
and its height is varied as 50, 65 and 80 cm
respectively. A packing support is provided in between
the sections 1 and 2. 

This is a perforated sheet made up of acrylic having
the diameter of 0.4 cm. It is also used to distribute the
vapor uniformly throughout the bed material. The
methanol vapor is fed to the column at the bottom
through rotameter. 

The initial vapor concentration is varied by mixing
the vapor with air and fed to the rotameter in
compressed form through the mixer. Before mixing with
vapor the air is passed through the surge tank to become
saturated.  The gas sampling probes 1 and 2 provided at
the sections 1 and 2 are used to collect the vapor
samples. The initial and final concentrations of the vapor
are analyzed using the gas chromatography equipment.
The initial concentration of the vapor is varied from 0.6
to 3.2 ppm respectively. The bed temperature is noted
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by the thermocouple provided at the middle of the
column (section 2). The composition of the nutrient
solution is given in Table1. 

This nutrient solution is used to maintain the growth
of micro organisms in the bed material. It also maintains
the moisture content  and  the  pH  value  of  the   bed 

material. The moisture content of the bed material is
measured periodically by using  moisture  meter   and
maintained constantly. The pH is also monitored
continuously using pH meter.  Void volume of the
packed bed is calculated by using the void volume and
total volume. 

Fig. 1: Experimental setup of biofilter 1 air compressor, 2 surge tank, 3 methanol vapor, 4 air-methanol vapor inlet,
5 packing support, 6 gas sampling probe 1, 7 bed material, 8 gas sampling probe 2,  9 vapor outlet, 10
rotameter.
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Table 1: Composition of one liter of the nutrient solution
S.No Composition Amount 
1 KH2PO4 0.91 g
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 Na2HPO4 12H2O 2.39 g
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 KNO3 2.96 g
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 (NH4)2 SO4 1.97 g
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 NaHCO3 1.50 g
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 FeSO4 7H2O 0.20 mg
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 MgSO4 7H2O 2.00 mg
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 MnSO4 H2O 0.88 mg
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 Ma2MoO4 2H2O 1.00 mg
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 CaCl2 3.00 mg

METHODS AND METHODS

3.1 Filter Bed Material: The filter media is a mixture
of compost and wood chips. The proportion of compost
to wood chips is varied at the ratios of 1:2, 1:1 and 2:1
by volume. A pH buffer solution is added periodically
to the filter media to maintain the pH. Table 2
represents the filter media and biofilter operating
conditions.

3.2 Analytical Methods: Methanol is used as volatile
organic compound (VOC) with 99.8%. Concentrations
of methanol vapor is analyzed using gas chromatograph
(Model 5765, Nucon Gas Chromatography, Nucon Eng,.
India) equipped with Poropak-Q column (1/80” ID,
liquid-10% FFAP, solid-Ch-WIHP, 80/100 mesh). The
injector, oven and detector temperature are maintained
at 210, 180, and 230°C, respectively. The hydrogen gas
is used as the fuel and nitrogen is used as the carrier gas
at a flow rate of 20 mL min-1. 

The calibration curve is prepared by injecting
known amounts of the methanol into a sealed bottle
equipped with a Teflon septum according to the standard
procedure. The injected amount of methanol is allowed
to evaporate in the air space within the bottle at
experimental temperature (30°C). 

The air samples are drawn from the top and bottom
section sampling ports by using a gas tight syringe and
analyzed. The column is initially charged with filter bed
material with desired height (50 cm). The filter bed
media is a mixture of compost and woodchips in the
proportion of 1:1 ratio by volume. The air methanol
vapor mixture is fed to the column through mixer and
rotameter. Inlet flow rate is adjusted to the desired level
and noted (0.0333 m3/s). The inlet and outlet
concentration of vapor air mixture is measured by
collecting the vapor samples from the probes provided
in the sections1 and 2. The same procedure is repeated
for another two different air-vapor mixer flow rates
namely (0.0666 and 0.1000 m3/s). Similarly the
experiment is conducted for the ratio of compost to
wood chips of 2:1 and 1:2 for three different heights
such as 50 cm 65 cm and 80 cm. 

3.3 Operating Conditions: To describe the mechanisms
of Biofiltration clearly, the general terminology pertinent
to the field should be well defined. The studies are
performed on the level of the volatile organic compound
inlet load (IL) and empty bed residence time (EBRT)
while the pollutant degradation performance of the
biofilter can be expressed in terms of the pollutant
removal efficiency (RE) and the elimination capacity
(EC). The definitions of these four parameter are given
in Table 3.

Table 2: Biofilter operating conditions.
1 Filter media Compost and woodchips
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 Pollutant Methanol
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 Micro organism Indigenous to filter media
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Table 2: Continue.
4 Bed height 70, 75 and 80 cm
---------------------------------------------------------------------------------------------------------------------------------------------------
5 Column diameter 5 cm
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 Inlet concentration 3.1, 1.5 and 0.7 PPM
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 Air flow rate 2, 4 and 6 LPM
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 EBRT 9 – 48 s

Table 3: Operating parameters and descriptions.
Parameter Description/Comment Notation Units 

Inlet Load (IL) Vapor loading rate per unit bed volume
iQ C

V


3

g

m h
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Empty bed residence time (EBRT) Measure of time duration of pollutant within the column S
V

EBRT
Q


---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Removal efficiency (RE) Performance measure %1 100o

i

C

C

 
  

 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Elimination Capacity (EC) Vapor removal rate per unit bed volume  
 i oQ C C

EC
V

 


3

g

m h

RESULTS AND DISCUSSION

4.1 Effect of Air- Methanol Vapor Mixture Flow
Rate on Removal Efficiency: Figure 2 shows the effect
of air- methanol vapor mixture flow rate on methanol
removal efficiency. Removal efficiency is decreased
with increasing flow rate. While increasing the air flow
rate the concentration of methanol is increased in the
air-methanol vapor mixture, due to this increasing
methanol concentration in inlet air-methanol vapor flow,
the removal efficiency is decreased. 

For the air-methanol vapor mixture flow rate 0.0333
to 0.1 m3/s, the removal efficiency is found to the range
of 73 to 90 percent for compost to wood chips ratio of
1:1. The removal efficiency is found in the range of 83
to 94 for compost to wood chips ratio of 2:1 and the
removal efficiency is found in the range of 62 to 83 for
compost to wood chips ratio of 1:2.  

4.2 Effect of Inlet Concentration on Removal
Efficiency: Figure 3 shows the effect of inlet
concentration on removal efficiency. It is observed that
the removal efficiency is a decreasing function of the
inlet concentration. 

For the inlet concentration of 0.6 to 0.9 ppm of
methanol vapor, the removal efficiency is in the range
of 84 to 90 percent for the compost to wood chips ratio
of 1:1, 90 to 94 percent for the compost to wood chips
ratio of 2:1. The removal efficiency is 50 to 84 percent
for the compost to wood chips ratio of 1:2. 
 

4.3 Effect of Empty Bed Residence Time on Removal
Efficiency (EBRT): Figure 4 shows the effect of empty
bed residence time on removal efficiency. It is found
that the removal efficiency is the strong function of
EBRT. While the inlet air-methanol vapor flow is
increased, the EBRT is decreased. The decreasing EBRT
value decreases the removal efficiency. For the EBRT
range of 9 to 48 s, the removal efficiency is found to be
in the range of 74 to 90 percent at a compost to wood
chips ratio of 1:1. The EBRT range of 9 to 48 s, the
removal efficiency is found to be the range of 83 to 94
percent at a compost to wood chips ratio of 2:1 and 62
to 83 percent for 1:2 ratios. 

4.4 Effect of Bed Height on Removal Efficiency:
Figure 5 represents the effect of bed height on removal
efficiency. From the graph it is observed that the bed
height is the strong function of removal efficiency. The
removal efficiency is increased with increasing bed
height. At a bed height of 50 cm, the removal efficiency
is in the range of 62 to 74 percent for the compost to
wood chips ratios 1:1, 2:1 and 1: 2. At the same time,
while increasing the bed height to 65 cm, the removal
efficiency is increased to the range of 71 to 85 percent
for the compost to wood chips ratios 1:1, 2:1 and 1: 2
and increased to the range of 63 to 94 percent for the
compost to wood chips ratios 1:1, 2:1 and 1: 2 for the
bed height of 80 cm.

4.5 Effect of Compost to Wood Chips Ratio on
Removal Efficiency: Figure 6 represents the effect of
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compost to wood chips ratio on removal efficiency.
Three ratios of compost to wood chips viz., 1:2, 1:1 and
2:1 are employed in this investigation.  It is found that
the ratio of compost to wood chips play the predominate
role on removal efficiency. At a bed height of 50 cm,
the range of removal efficiency is found to be 62 to 83
percent for the ratio of 1:2. For the same height, the
range of removal efficiency is found to be 70 to 87
percent for the ratio of 1:1 and 76 to 90 percent for the
ratio of 2:1. It is observed that the increase in
composition of compost in the filter bed material,
increase the removal efficiency.  The same phenomenon
is observed while increasing the bed height from 65 cm
to 80 cm.

4.6 Overall Performance and Comparison with
Earlier Investigation: Removal efficiency is decreased
with increasing flow rate. For the flow rate of 0.0333
m3/s, the maximum removal efficiency is 93.33 percent
for the bed height of 80 cm, compost to wood chips
ratio of 2:1, inlet methanol concentration of 0.6 ppm and
the corresponding, EBRT is 47.16 s, elimination
capacity is 42.75 gh-1m-3 and the inlet load is 45.81 gh-

1m-3 respectively. The same trend is reported by
Shareefdeen et al.,[11] for degradation of methanol using
peat-perlite as filter bed material. These authors reported
the results in terms of elimination capacity. For the flow
range of 0.0035 x 10-3 m3/s to 0.00694 x 10-3 m3/s, the
elimination of methanol is in the range of 112.8 g h-1m-3

to 65.1 g h-1m-3. The inlet concentration employed is in
range of 6.33 ppm to 6.57 ppm. While compared to the 

present investigation, these authors reported a higher
value (2.7 times higher). This might be due to very low
range of inlet methanol flow rates (10 times lower than
the present investigation). Chetpattananondh et al.,  also
reported that the methanol removal efficiency increased
with increasing EBRTs. The EBRT is inversely
proportional to vapor flow rate. 

In this present investigation, it is observed that the
removal efficiency is a decreasing function of the inlet
concentration. The maximum removal efficiency
obtained is 93.33 percent at the corresponding inlet
concentration of 0.0333 ppm. The respective compost to
wood chips ratio is 2:1 and bed height is 80 cm. For the
same operating condition, the removal efficiency is
decreased to 83.87 percent for the increase in inlet
concentration to 3.1 ppm. That increasing the inlet
concentration of methanol, decreases the elimination
capacity is also reported by Shareefdeen et al.,[11] . The
range of inlet concentration of methanol is 6.33 ppm to
6.57 ppm and the corresponding methanol elimination is
in the range of 112.8 g h-1m-3 to 65.1 g h-1m-3. 

Chetpattananondh et al.,[19]  also reported that the
methanol removal efficiency decreased from 100 percent
to 62 percent with increasing inlet methanol
concentration from 0.3 ppm to 1.6 ppm using palm
shells and activated sludge as a filter bed medium. The
inlet methanol flow rate is 0.125 x 10-3 m3/s.  The same
trend is reported by Mohseni and Grant Allen[8] Torkian
et al.,[4] and Chetpattananondh et al.,(2005).

Fig. 2: Effect of air flow rate on removal efficiency.
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Fig. 3: Effect of inlet concentration on removal efficiency

Fig. 4: Effect of empty bed residence time on removal efficiency.
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Fig. 5: Effect of bed height on removal efficiency.

Fig. 6: Effect of compost to wood chips ratio on removal efficiency.
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While the inlet air-methanol vapor flow is
increased, the EBRT is decreased. The decreasing EBRT
value decreased the removal efficiency in this present
investigation. The maximum removal efficiency is 93.33
percent at the EBRT of 47.16 s and it decreased to
83.87 percent at 15.7 s. The respective compost to wood
chips ratio is 2:1with a bed height of 80 cm. Mohseni
and Grant Allen[8] reported the effect EMBT on removal
efficiency in terms of removal rate. 

These authors reported that the biofilter composed
of wood chips, spent mushroom compost and perlite
removed up to about 80g carbon/ m3 bed medium / h at
EBRTs between 20 and 50 s. In the present investigation
the maximum removal rate is 42.81 to 596.06 at EBRTs
between 15 and    48 s. In this investigation, it is
observed that the bed height is the strong function of
removal efficiency. The removal efficiency increased
with increasing bed height. The maximum removal
efficiency is 93.33 percent at a bed height of 80 cm.
The same is reported by Mohseni and Grant Allen[8]

viz., the outlet concentration of methanol decreased with
increasing bed height. In this investigation, It is
observed that the increase in composition of compost in
the filter bed material, increased the removal efficiency. 
The maximum removal efficiency is 93.33 percent at the
compost to wood chips ratio of 2:1.

Conclusions: The removal efficiency of methanol in
biofilter consisted of a compost and wood chips is
studied. The biofilter removed as high as 596.06 g m-3

h-1 at the empty residence time of 38 s and the compost
to wood chips ratio of 2:1. The maximum removal
efficiency is 93.33 percent at the bed height of 80 cm,
inlet concentration of 0.6 ppm, inlet vapor flow rate of
0.0333 m3/s, empty bed residence time of 47.16 s,
elimination capacity is 42.75 g m-3 h-1 and the inlet load
is 45.81gm-3h-1. The removal efficiency is proportional
to bed height and composition of compost in the filter
bed material.

Nomenclature:
Ci= inlet concentration of methanol vapor, ppm
Co= outlet concentration of methanol vapor, ppm
EBRT= empty bed residence time, s
IL=  input load, g. m-3. h-1

Q= air-methanol vapor flow rate m3/s
V= bed volume, m3
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