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Abstract 
Water hyacinth, E. crassipes, an invasive water weed thrives in fresh water bodies causing serious 
environmental problems. In Kenya the weed has invaded Lake Victoria and poses great socioeco-
nomic and environmental challenges. Currently the weed is harvested from the Lake and left in 
the open to rot and decay leading to loss of aesthetics, land and air pollution. There is therefore 
need for development of value addition and economic exploitation strategies. The aim of the study 
is to assess the potential for utilization of the weed as a renewable energy resource for biogas pro- 
duction. Samples were collected from Lake Victoria, pulped and blend with cow dung at a ratio of 
3:1 as inoculum. The resultant mixture was mixed with water at a ratio of 1:1 and fed into a 6 m3 
tubular digester. The digester was recharged with 20 kg after every three days. The temperature, 
pH variations, gas compositions, upgrading and gas yields were studied. The temperature ranged 
between 22.8˚C - 36.6˚C and pH 7.4 - 8.5. Biogas was found to contain 49% - 53% methane (CH4), 
30% - 33% carbon dioxide (CO2), 5% - 6% nitrogen (N2) and traces of hydrogen sulphide (H2S). 
The biogas was upgraded using solid adsorbents and wet scrubbers increasing the methane con-
tent by up to 70% - 76%. The upgraded gas was used to power internal combustion engines cou- 
pled with an electricity generator and direct heat applications. The study concludes that E. cras- 
sipes is a potential feedstock for biogas production especially in areas where it is abundant. 
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1. Introduction 
Biogas is a clean and environment friendly fuel produced through the anaerobic digestion of organic wastes such 
as: cow-dung, vegetable wastes, municipal solid waste and industrial wastewater [1] [2]. It is increasingly be-
coming important in domestic and industry as fuel due to its costs and cleanliness. The main component of the 
gas is methane, carbon dioxide, hydrogen, nitrogen and hydrogen sulphide [3]. Water hyacinth can be used as a 
potential feedstock for biogas production due to its abundance and high carbon-nitrogen ratio. This study aims at 
evaluating the potential of utilization of water hyacinth for biogas production.  

1.1. Water Hyacinth 
Water hyacinth, Eichhornia crassipes, is a floating plant, an invasive nuisance planta non grata in much of the 
world where it often jams rivers and lakes with tons of floating plant matter [4]. A healthy acre of water hyacinth 
can weigh up to 200 tons [4]. It grows in freshwater and has lavender flowers and round leathery leaves attached 
on spongy stalks. The plant has dark feathery roots. 

E. crassipes form mats that clog waterways making fishing impossible and reduces water flow. Mats may 
double their size in as little as 6 - 18 days [5]. It degrades water quality by blocking the air-water interface and 
greatly reducing oxygen levels in the water, eliminating underwater animals such as fish and greatly reduces 
bio-diversity: mats eliminate native submersed plants by blocking sunlight, alter immersed plant communities by 
pushing them away and crushing them, and also alter animal communities by blocking access to the water and/or 
eliminating plants the animals depend on for shelter and nesting [7]. Millions of dollars a year used to be spent on 
water hyacinth control [8]-[10]. Several methods have been developed to help in its management: mechanical 
harvesters and chopping, biological controls (insects, fish) and use of water hyacinth registered aquatic herbicides 
[10]. 

1.2. Anaerobic Digestion Process 
Biogas is produced by putrefactive bacteria, which break down organic material under oxygen deficient condi-
tions [11]. This process is called “anaerobic digestion”. The digestion process consists of three main phases: 
• Hydrolysis, 
• Acid formation, 
• Methane formation. 

In the first phase, protein, carbohydrate and fat are converted to soluble substances followed by acid forma-
tion give rise to fatty acids, amino acids and alcohols by acidogenic bacteria. Methane, carbon dioxide, hydro-
gen sulphide and ammonia form in the third phase by methanogenic bacteria. The slurry becomes somewhat 
thinner during the process of digestion [12]. The more the two phases merge the shorter the digestion times. The 
conditions for this are particularly favorable in the “fermentation channel” arrangement. The following types of 
digestion are distinguished according to the temperature in the digester:  
• Psychrophilic digestion (10˚C - 20˚C, retention time over 100 days), 
• Mesophilic digestion (20˚C - 35˚C, retention time over 20 days), 
• Thermophilic digestion (50˚C - 60˚C, retention time over 8 days). 

Thermophilic digestion is not an option for simple plants. The pH of the fermentation slurry indicates whether 
the digestion process is proceeding without disturbance. The pH should be about 7 [4]. This means that the slur-
ry should be neither alkaline nor acid. Biogas can in principle be obtained from any organic material. Cattle 
manure can be used as a “starter”. Feed material containing lignin, such as straw, should be pre-composted and 
preferably chopped before digestion [5]. More than ten days’ preliminary rotting is best for water hyacinth. Gas 
production is substantially improved if the preliminary rotting time is twenty days. 

1.3. Fermentation Slurry 
All feed materials consist of organic solids, inorganic solids and water. Biogas is formed by digestion of the or-
ganic substances. The inorganic materials (minerals and metals) are unused and are unaffected by the digestion 
process. Adding water or urine gives the substrate fluid properties. This is important for the operation of a biogas 
plant [5]. It is easier for the methane bacteria to come into contact with feed material which is still fresh when 
the slurry is liquid. This accelerates the digestion process. Regular stirring thus speeds up the gas production. 

http://plants.ifas.ufl.edu/node/144
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Slurry with a solids content of 5% - 10% is particularly well suited to the operation of continuous biogas plants 
[4] [5]. 

1.4. Fermentation Slurry as Fertilizer 
During the digestion process, gaseous nitrogen (N) is converted to ammonia (NH3). In this water-soluble form 
the nitrogen is available to the plants as a nutrient [5]. A particularly nutrient-rich fertilizer is obtained if dung 
and urine is digested. Compared with solid sludge from fermented straw and grass, the liquid slurry is rich in ni-
trogen and potassium. The solid fermentation sludge, on the other hand, is relatively richer in phosphorus. A 
mixture of solid and liquid fermented material gives the best yields. The nutrient ratio is then approximately 
N:P2O5:K2O = 1:0.5:1 [6]. A fermented slurry with a lower C/N ratio has better fertilizing characteristics. Com-
pared with fresh manure, increases in yield of 5% - 15% are possible [6]. 

1.5. Biogas 
Biogas is lighter than air and has an ignition temperature of approximately 700˚C (diesel oil 350˚C; petrol and 
propane about 500˚C). The temperature of the flame is 870˚C. Biogas consists of about 60% methane (CH4) and 
40% carbon dioxide (CO2) [7]. It also contains small proportions of other substances, including up to 1% hy-
drogen sulphide (H2S). The methane content and hence the calorific value is higher the longer the digestion 
process. The methane content falls to as little as 50% if retention time is short [10]. If the methane content is 
considerably below 50%, biogas is no longer combustible [10] [11]. The first gas from a newly filled biogas 
plant contains too little methane. The gas formed in the first three to five days must therefore be discharged un-
used. The methane content depends on the digestion temperature. Low digestion temperatures give high methane 
content, but less gas is then produced [11]. 

2. Methods and Data Sources 
Experimental Set up and Design 
A biogas plant consisting of a 6 m3 tubular enclosed in Ultra Violet (UV) screen house and cleaning accessories 
was installed at Jomo Kenyatta University of Agriculture and Technology, Kenya. Water hyacinth/cow dung 
blend (1500 kg) was fed into the digester and allowed to generate gas. Temperature, pH, gas yield and gas com-
positions were determined for a period of twelve months. The digester was installed with three sample collection 
points. Samples were collected to monitor changes. All parameters were analyzed using standard procedures 
[12]. A similar experiment was conducted with cow dung as feed to serve as control for the experiment. The 
biogas production process is illustrated in Figure 1. 

3. Results and Discussion 
3.1. Temperature Variations 
Temperature variations are illustrated in Figure 2. It varied widely during the biogas production period. The 
temperature varied between 22.8˚C - 36.6˚C, the fermentation process is an exothermic process and the varia-
tions could be attributed to the microbial action at various stages of decomposition. 

3.2. pH Variations 
pH variations are illustrated in Figure 3. pH varied widely during the digestion process. The variations can be 
attributed to the bacterial action during the hydrolysis, acidification and methanization of feed. The processes 
produce hydroxyl and hydrogen ions thus varying the pH. It ranged between 7.4 - 8.5. 

3.3. Biogas Production 
Biogas production profile with time is presented in Figure 4. The gas production has a maxima on the 32nd day. 
This can be related to the growth of bacteria within the digester after the 32nd day the bacteria start to starve and 
competition for food and elimination. The reduced population of the microbes leads to a significant drop in gas 
production. This can be improved by periodic loading the digester with fresh feedstock. 
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Figure 1. Biogas production process.                                                                          

3.4. Biogas Composition 
Table 1 and Figure 5 present data on the retention times of the various constituents of biogas. The gas was 
found to contain a mix of gases. On average the biogas was found to contain between 49% - 53% methane (CH4), 
30% - 33% carbon dioxide (CO2), 5% - 6% nitrogen (N2) and traces of hydrogen sulphide (H2S). 

3.5. Biogas Upgrading 
The gas was upgraded by a series of cleaning devices, water vapour was removed using analytical grade sodium 
sulphate (NA2SO4), H2S removed using iron oxide and CO2 using 15% sodium Hydroxide solution (NaOH). 
Table 2 and Figure 6 present data for upgraded gas. There was increase in the methane content by between 21% - 
23%. 

3.6. Comparative Biogas Production (m3) with Time (Days) 
A comparative biogas production study was conducted for water hyacith/cowdung mixture and cowdung only.  
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Figure 2. Temperature variation within the biogas digester.                                                       
 

 
Figure 3. pH variations within the biogas digester.                                                                
 
The results are presented in Figure 7. The cowdung feedstock was found to produce biogas from the fourth day 
rising to a high on the eigth day which remained almost constant reaching a maxima between the 28 - 36th day. 

The biogas production from the water hyacith/cowdung mixture showed a different trend; biogas production 
remained low than that from cowdung between the fourth and the18th day but rose steadly to reach a maxima at 
the 32nd day and remained constant up to the 36th day. The trends show a rather similar trend bu the delay during 
the first few days for water hyacinth/cow dung mixture can be attributed to the low bacteria population in the 
matrix. The study shows a greter yield of biogas from the hyacinth/cow dung mixture compared to cow dung. 
The results of the study agree with those reported by other researchers using water hyacinth as a feed stock 
[13]-[16]. 

4. Conclusion 
The study shows that E. crassipes is a good feedstock and that can be utilized as a renewable energy source. The  
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Figure 4. Biogas production with time.                                                               

 

 

 
Figure 5. Chromatogram for raw biogas.                                                     

 
Table 1. Raw biogas composition.                                                                 

Composition Retention time (min) Percentage composition 

Nitrogen 1.02 17.0% - 19.0% 

Methane 1.12 49.0% - 53.0% 

Carbon dioxide 1.62 21.0% - 29.0% 

 
Table 2. Biogas composition after upgrading.                                                    

Composition Retention time (min) Percentage composition (%) 

Nitrogen 1.02 19.0% - 27.0% 

Methane 1.12 65.0% - 73.0% 

Carbon dioxide 1.62 4.0% - 8.0% 
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Figure 6. Chromatogram for upgraded biogas.                                          

 

 
Figure 7. Biogas production with time (days).                                                                    

 
production profiles compares well with those of conventional feed stocks such as cow dung. The utilization also 
provide an innovative way of managing the invasion of the weed in freshwater bodies in an environmentally 
sound manner. 
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