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Abstract 
The trace amounts of carbon dioxide and hydrogen sulfide in raw biogas lower its calorific value, 

cause corrosion and make it hard to compress biogas into the cylinder. Raw biogas was obtained 

from anaerobic digestion of cow dung and market wastes. The gas was stored in tubes or urine bag 

before upgrading. Natural zeolite rocks, maize cobs, steel wire, desulphurizer, and worn-out tyres 

were used as the upgrade materials. The composition of biogas was recorded before and after 

upgrading using a GP180 portable biogas analyzer from Henan, China. The measured level of raw 

biogas was 0.0227% H2S, >20% CO2 and 52-56% CH4. The most efficient upgrade materials were 

zeolite rocks with upgrade levels of 89–93% methane. The total removal using zeolite was 

observed to be 75% CO2 and 95.34% H2S. The morphological structures of zeolitic rocks account 

for its higher upgrading properties compared to other materials. In addition, the porosity in these 

rocks mean that CO2 and H2S were adsorbed resulting in high CH4 levels in the upgraded biogas. 

Other adsorbents showed upgrading properties with removal rates above 70% for both H2S and 

CO2. 
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Introduction  
For biogas to be employed in motor engines 

or injection into the gas network, it has to be 

upgraded to meet certain qualities. Globally, 

there are no set standards as to the specific 

quality for biogas yet, and therefore, reference 

is made to the Swedish specification for natural 

gas (Persson et al. 2006). In 1999, Sweden 

proposed a national protocol for the usage of 

biogas as an automobile fuel (Table 1). 

 

Table 1:  Swedish standard for bio-methane (Persson et al. 2006) 

Parameter Requirement Parameter Requirement 

Lower Wobbe Index

  

43.9–47.3 

MJ/Nm
3
 

Water dew point t-5, where t = ambient 

temperature 

Methane concentration 97±2% by volume CO2 + O2 + N2 <5% by volume 

Motor Octane Number >130 O2 <1% by volume 

Total sulphur <23 mg/Nm
3
 NH3 <20 mg/Nm

3
 

 

This protocol (Table 1) is comparable to 

that utilized when injecting bio-methane into 

the natural gas grid. To employ biogas as a 

motor fuel or inject into gas network, 
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upgrading is vital. Although bio-methane has a 

high calorific value and provides longer driving 

distances, the set quality standards must be met 

to avoid corrosion of the engines and improve 

burning efficiency in the engines (Persson et al. 

2006). 

The moisture level in raw biogas must be 

reduced to zero to avoid reaction with the 

remaining SO2 resulting in corrosion. On the 

other hand, the remaining CO2 interact with 

water vapour in biogas forming carbonic acid 

thereby corroding metal surfaces (Shah et al. 

2016, Peterson 2009). Amirfakhri et al. (2006) 

reported that for biogas to be pumped through 

the gas system, H2S must be reduced to levels 

below 0.006 gm/m
3
. 

According to Pike Research (2012), the 

capacity of global power generation from 

commercial biogas facilities will increase to 

29.5 gigawatts in 2022, which is more than 

double in 2012 (14.5 gigawatts). Biogas is a 

sustainable energy generated from degradation 

of wastes and is playing significant roles in the 

current energy needs. CH4 and CO2 are the 

major components of untreated biogas. The 

biogas production and contents are affected by 

the types of substrates. The presence of CO2 

and minor gases have impacts upon biogas 

usability (Ryckebosch et al. 2011). The range 

of hydrogen sulphide in biogas is between 50 

and 10,000 ppm, based on the feedstock 

(Chambers and Potter 2002). This gas burns in 

air to form SO2 and water which results in 

corrosion. Therefore, removal of H2S is vital as 

described by Limmeechokchai and Chawan 

(2007), Al Mamun and Torii (2015), and Cu et 

al. (2015). Therefore, many technologies for 

biogas upgrading have been proposed. Among 

the most common removal technologies for 

H2S removal from biogas are; absorption in 

water or acidic solution, adsorption and 

biological conversion to sulphur (Li et al. 2007, 

Yan et al. 2010). Additions of air (2–6%) to the 

digester headspace result in H2S oxidation to 

sulphur. In this method, H2S is partially 

removed, however, overdosing of the air, may 

result in explosion (Wellinger and Linberg 

2000). Another technique employed in biogas 

treatment is adsorption by microporous 

material. 

Zeolites are crystalline, nanoporous 

aluminosilicates composed of (TO4) and 

tetrahedral (T = Si, Al) (Na and Somorjai 

2015). The zeolite rock sizes range from 3Å to 

12Å which provides good selectivity for 

molecular transport into the zeolite crystals. 

Furthermore, the existence of active metal-

phase and Brønsted acid sites in zeolite micro 

structures determine the activity of zeolite. The 

composition of Si/Al ratio also determines the 

acidity level and adsorption process (Cozmuta 

2012, Na and Somorjai 2015). In a study by 

Tira et al. (2018) to purify raw biogas using 

zeolite rocks, they observed that activating 

zeolite increased the upgrading properties of 

the rocks. 

In the current study, biogas produced from 

market wastes was upgraded using zeolite 

rocks, steel wire, tyres, desulphurizer and 

maize cob cartridges.  

 

Methodology  
The experiments were performed using raw 

biogas from cow dung feedstock and market 

wastes. The raw biogas used in this study was 

generated from cow dung mixed with water in 

the ratio of 1:1 as recommended by Tira et al. 

(2015). The substrates (cow dung from dairy 

cows and water was loaded into a 0.5–1.5 

liters’ digesters and biogas generated at 

psychrophilic conditions for a 10 days’ 

retention time as described by Kamau et al. 

(2020). The produced biogas was then stored in 

urine bags or tubes before being directed to 

biogas scrubbing unit (Figure 1 (a)) as 

described by Kamau et al. (2020). Direct 

scrubbing from the digester was also 

investigated (Figure 1 (b)). Pilot scale biogas 

produced was also cleansed via a commercial 

desulphurizer, zeolite rocks and combined 

upgrade material cartridges.  
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Figure 1:  Photographs of (a) Biogas production and storage set-up (b) Composition measurement. 

 

The scrubbing cartridges used in the lab 

scale and the pilot scale studies are shown in 

Figures 2 a-c. The cartridges composed of well 

grinded particles. 

 
Figure 2: (a) A lab scale upgrading cartridges (b) Commercial desulphurizer (c) combined upgrade 

material. 

 

The upgrade experiments were done using 

zeolite rocks from Eburru, with pore size about 

3Å and whose morphology was scanned using 

a scanning electronic microscope. The zeolite 

rocks preparations involved mechanical 

grinding and sieving using 0.85 mm sieve to 

obtain very fine homogeneous particle sizes 

powder. The powdered samples were then 

calcined at 550 °C for 2 hours to remove some 

of the organic and amorphous components 

(Waswa et al. 2020). The elemental analysis of 

the natural zeolitic rocks from Eburru, Nakuru 

County, was carried out as described by 

Mbugua et al. (2014). The Scanning Electron 

Microscopy (SEM) on the zeolitic rocks was 

done as follows: 

 A 12 mm double-sided carbon tape was 

used to cover a 40.0 mm by 20.4 mm 

aluminium stub. 

 The carbon tape was then attached to a 

transparent paper that was cut into 12 mm 

by 3 mm pieces. 

 The pieces were then dipped into the 

finely powdered sample to attach the 

sample particles. 

 The samples were then scanned with a 

beam of incident electrons operated at –20 

kV to form SEM images on the detector 

(Kliewer 2009). 
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The upgrade level was compared with other 

cheap and readily available materials like 

commercial desulphurizer, maize cobs, won out 

tyres and steel wire. The upgrade materials 

were reduced in size by cutting into small 

pieces and packing in the cartridge containers. 

An inlet and outlet terminals were made on 

both ends of the containers.  

Biogas composition was measured before 

and after upgrading using a portable biogas 

analyzer GP180 with a dual wavelength 

infrared cell with reference channel and an 

accuracy level of ± 0.5% vol from Henan Ltd, 

China shown in Figure 3. 

 
Figure 3: Biogas composition measurements using GP180 in urine bag in tube. 

 

The raw biogas flow rate was done at 0.5–1 

l/min as efficiency was higher at lower flow 

rates as observed by Lastella et al. (2002). The 

control was set by passing the biogas through 

empty cartridges.  

 

Results and Discussions 
The natural zeolitic rock sample showed 

that the particles were unevenly sized (Figure 

4). The crystals were dense aggregates of 

irregular shapes, with not well-developed 

structures on the surface converged particles 

(Van Donk et al. 2003). Their nonporous nature 

makes them adaptable for H2S removal from 

biogas (Simons and Simon 2012). 
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Figure 4: The SEM images of zeolite rock. 

 

The general analysis done on the natural 

zeolitic rock samples before calcination gave 

the information recorded in Table 2. The main 

structural elements of the most natural 

aluminosilicates are tetrahedra of SiO4(T) 

and/or octahedra of AlO6(O) joint by the 

vertices and forming the planar sheets, i.e., 

tetrahedral and octahedral sheets, respectively 

(Novikova and Belchinskaya 2016). The 

natural zeolite-type material from volcanic ash 

is characterized by the presence of gismondine, 

hydrated calcium aluminosilicate, litosite, 

clinoplitolite-Na, and phillipsite-K. The 

composition depends on the volcanic location, 

for instance, natural zeolite from Germany 

have gonnardite (((Na5.84Ca1.6) 

(Al9Si11O40) (H2O)9.87) and mesolite 

(((Na4.96Ca4.96) (Al16Si24O80) (H2O)23.36) 

zeolite types (Calderón and Quiroz 2020). 

 

Table 2: Composition properties of zeolite rocks 

Property Properties Property Properties 

Rocks pH 8.38 ± 0.52 Magnesium (me%) 0.59 ± 0.07 

Total nitrogen (%) 0.10 ± 0.02 Manganese (me%) 0.20 ± 0.01 

Total carbon (%) 0.94 ± 0.04 Copper (ppm) 1.36 ± 0.05 

Phosphorus (ppm) 3.40 ± 0.12 Iron (ppm) 13.34 ± 1.29 

Potassium (me%) 0.62 ± 0.04 Zinc (ppm) 10.22 ± 1.88 

Aluminium oxide (%) 18.76 ±  0.14 Silicate oxide (%) 37.41 ± 1.09 

Calcium (me%) 4.70 ± 0.11 Sodium (me%) 0.84 ± 0.03 

Elect. Cond. mS/cm 0.23 ± 0.01 Me-milli equivalent  

 

The rock samples were moderately alkaline, 

with minimum organic content. Beside silicon 

and aluminium which form the main 

components of zeolites, these samples also had 

other mineral elements like iron, zinc and 

calcium as indicated in the Table 2. The 

composition of aluminium oxide (%) and 

silicon oxide(%) were 18.76 ± 0.14 and 37.41 ± 

1.09%, respectively. 

The initial biogas composition levels were 

>20.00 ± 2.69%, 56.04 ± 7.56% and 0.022696 

± 6.87% for CO2, CH4 and H2S, respectively.  

The H2S levels compared well with those 

observed by Tira et al. (2015) at 0.024535%. 

From the control experiments, no upgrade was 

observed when raw biogas was passed through 

the empty cartridges. The surface plots 

obtained for various upgrading materials 

shown in Figures 5. 
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Figures 5: The surface plots of biogas upgrade using different material 

 

The CO2 adsorption onto the zeolite 

surfaces was observed to be higher compared 

to other upgrading materials at 75%. The high 

efficiency of zeolite results from its larger 
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porous size translating to deeper penetration 

(Tira et al. 2018). Previous studies by Tira et al. 

(2018) reported that increasing corn cobs 

activated carbon resulted in higher CO2 

removal rates.  

In Figures 6, comparison of individual 

biogas composition removal per upgrade 

material is shown.  
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Figures 6: Plots of upgrade levels for each composition. 

 

The adsorption of CO2 predominantly 

occurred via van Der Waals force. The 

attractive forces between CO2, H2S molecules 

and adsorbent were higher compared to that of 

CH4 and adsorbent. This resulted in more 

impurity gases like CO2 being tightly bound in 

the adsorbent while CH4 molecules tend to pass 

through the adsorbent (Papagiannakis and 

Hountalas 2004). 

The upgrade levels observed in the pilot 

scale experiments is shown in Figure 7. The 

initial level of hydrogen sulphide was 162 ± 

15.36 ppm with reduction of up to 2.00 ± 0.73 

ppm, 6.66 ± 0.51 ppm, 3.67 ± 1.53 ppm being 

observed in desulphurizer, combined materials 

and zeolite rocks, respectively.   

 
Figure 7: The % CO2 and CH4 after upgrade of raw biogas. 
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Discussions  

The CO2 in biogas reduces its calorific 

value and lowers the methane levels. This 

circumstance leads to poor utilization of biogas 

for electricity generation, transportation or 

domestic cooking. For these purposes, biogas 

must have methane levels up to 94 ± 1.00% 

and is termed CH4-enriched biogas (Power and 

Murphy 2009).  

The H2S generated from the digester is in 

the range of 114.45–263.20 ± 5.98 ppm. The 

maximum H2S in atmosphere should be lower 

than 10 ppm as reported by Cosoli et al. 

(2008). This gas with a rotten egg smell is an 

extremely hazardous gas, very poisonous and 

very corrosive. Exposure to very high H2S 

concentration can result to death (Cruz et al. 

2005, Cosoli et al. 2008). 

The capacity of CO2 adsorption onto the 

zeolite micropores was supported due to the 

propensity of CH4 to get away from the 

framework resulting in lower molecular 

transport in the zeolite crystal. This is due to 

the polar traits of CH4 (Cosoli et al. 2008). This 

phenomenon offers evidence that hydrophilic 

zeolite, such as herbal zeolite, has greater 

affinity for polar molecules like CO2. The 

presence of CO2 in zeolite micropores tends to 

force CH4 molecules out from the framework. 

The planar form molecular shape of CO2 

favours the molecules to fit well in the zeolite 

pores. However, after most zeolite pores have 

been filled up by CO2 molecules, the adsorption 

ability declines significantly (Leyssale et al. 

2006). It is testifying that adsorption process 

has a time limit. Duan et al (2007) reported that 

H2S can be reduced to 0–1 ppm using zeolite 

material which cannot be achieved by the water 

scrubbing method (Zhu et al. 2013).  

Further, iron oxide reacts with hydrogen 

sulphide thereby removing H2S from the 

reactor. Raw biogas is pumped through steel 

wool, and therefore, iron oxide is converted 

into elemental sulphur (Katare and Rahi 2016) 

as shown in Equations 1 and 2. 

2Fe2O3 + 6H2S  2Fe2S3 + 6H2O     (1) 

2Fe2S3 + 3O2  2Fe2O3 + 6S      (2) 

Pure bio-methane (carbon dioxide <0.1%, 

hydrogen sulphide <1.5 mg m
−3

) was obtained 

in a study by Paolini et al. (2016), while 

cleansing biogas from agrozo-technical 

biomass using natural zeolites. This compares 

well with the results obtained in this study of 

1.05 ppm H2S and < 2.35% CO2. 

 

 Conclusion   
The work was carried out to find out the 

potential of various materials in upgrading raw 

biogas. On average, the methane levels in raw 

and upgraded biogas was 68 ± 2.52% and 90 ± 

1.53, respectively. The results confirm that the 

zeolitic rocks are superior to tyres, maize cobs, 

steel wire and desulphurizer in improving 

biogas quality in removal of CO2. The 

desulphurizer material suited best in removal of 

hydrogen sulphide with up to 97.78% removal 

rate. The upgrading efficiency of desulphurizer, 

combined and zeolite material in pilot scale 

was in the range of 87.67–93.93% methane and 

CO2 removal rate of 53.20–77.76%. Therefore, 

this study recommends a combined adsorbents 

cartridge to achieve better upgrade levels.  
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