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ABSTRACT 

 

Energy is a key factor to socio-economic development. There is clear correlation between energy 
consumption and the level of standard of living. On the other hand, human societies produce wastes 
that can represent a useful raw material for the production of energy, and recovery of by-products and 
component water. In this paper, the potential of Moringa stenopetala seed cake powder which is a by-
product of the hexane extract of the seed is evaluated for its contribution in biogas production and 
brewery wastewater treatment through coagulation. Moringa stenopetala seed cake powder was used 
as feedstock in nine serum bottles with a capacity of 2.5 L. The anaerobic digestion was conducted in 
triplicate with 10%, 15% and 20% of their working volume inoculated with actively digested biogas 
slurry. The experimental findings showed that the composition of methane in all of the digesters is 
within the range of 62-72%. The amount of biogas produced over a retention time of 68 days was also 
between 6.6 L to 7.7 L. The Physico-chemical characteristics of the seed cake powder revealed the 
suitability of the substrate for biogas production. No inhibitory factors were found within the seed 
cake powder. However, the total solids percentage of the seed cake powder was about 93% which can 
be considered as a drawback in areas which suffer from water drought for large scale application of the 
substrate in biogas production. The other application of the seed cake powder studied in this work is to 
evaluate its potential for brewery wastewater treatment. The brewing industry is one of the largest 
industrial users of water. The wastewater is also characterized by different valuable nutrients. 
Recovery of these resources and treatment of the wastewater to reduce the impact on the receiving 
water bodies is an important aspect of this research. Moringa stenopetala seed cake powder was found 
to be an effective coagulant in reducing total phosphorus, turbidity and total suspended solids from 
the brewery effluent achieving an average removal efficiency of more than 90%. A relatively better 
efficiency of more than 80% was achieved for COD and BOD. The removal efficiency for total 
nitrogen was about 43%, a lower but important figure as coagulation is a physical process. However, 
conductivity, total dissolved solids and pH were not significantly affected through the coagulation 
process. Better removal efficiency was obtained at a coagulant concentration of 500mg/L. Therefore, 
Moringa stenopetala seed cake powder which is a by-product of the hexane extract of the seed can be 
managed by using as substrate for biogas production and as coagulant for brewery wastewater 
treatment.  
 
Key words: Moringa stenopetala seed cake powder, Biogas, coagulation, Brewery wastewater, average 

removal efficiency       
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C h a p t e r  1  

1. INTRODUCTION 

1.1 Background 

Access to energy is essential to sustain human life and to achieve the interrelated 

economic, social and environmental aims of human development. Everybody needs to 

prepare food, keep the house warm during cold nights and have light after dusk. 

However, affordable, modern energy supplies like gaseous and liquid fuels, electricity, 

and more efficient end-use technologies are not accessible to about two billion people 

worldwide. They have to rely on burning wood, crop residues and animal dung for their 

energy needs (Meskir Tesfaye, 2007). 

 

Mankind’s development has always been strongly influenced by energy availability. 

When enough energy was at hand, the society could develop nicely and when it was 

lacking, a severe constraint existed for development (Jargstorf, 2004). Ethiopia imports all 

of its fossil fuels from other countries. This situation is consuming huge portion of the 

national hard currency, which could have been used for other vital socio-economic 

developments. The import of fossil fuels is further complicated with the issues of port 

tariffs and long distance transportation costs. This total dependence on foreign fossil fuels 

could affect, among other things, the national security. This situation gives hint as to why 

Ethiopia has to aggressively go forward with renewable energy development (Hadgu, 

2004). 
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Ethiopia has considerable biomass energy resource, even though decreasing from time to 

time, due to population growth and unsustainable exploitation. Ethiopia has an area of 

23,852,000 hectares (1.1 million Km2) of productive woodland and forest. Other biomass 

resources, other than wood include raw material dung cakes, agricultural waste and 

bagasse 7.33×106 tonnes, 3.8×106 tonnes and 0.15×106 tonnes respectively (Hadgu, 2004).  

 

Human societies produce wastes that can represent a useful raw material for the 

production of energy, and recovery of by-products and component water. Several 

techniques are already available to attain the goals of environmental protection and 

resource conservation (Lettinga et al., 2000). The common disposal route for brewery 

waste water sludge has been landfill. The treatment of organic solid waste is currently a 

growing area of investigation as new options that substitute the conventional treatment 

system, are explored. Due to increasing environmental concerns and regulations, there 

have been attempts to utilize this brewery by product in an environmentally friendly 

manner (K. Kanagachandran, 2006).  

 

In this study, the potential use of Moringa stenopetala seed cake powder which is a by-

product of the hexane extract of Moringa stenopetala seed is studied. The oil content of 

Moringa stenopetala is about 45% (Andinet, 2008). A large scale extraction of the resource 

leaves about 55% of seed cake powder of Moringa stenopetala. What are we going to do 

with this resource? The potential use of the seed cake powder as feedstock for biogas 

production could be one way of managing the by-product which also enables the use of a 

clean energy. The other way to deal with the resource could be to use it for wastewater 

treatment. The paper is aimed at assessing the potential of the seed cake powder as 

feedstock for biogas production and as coagulant for brewery wastewater treatment.  
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1.2 Statement of the problem 

Ethiopia with a high rate of annual population growth of about 2.7% and reasonable 

economic growth would need faster energy development activities. There are global 

issues that may influence energy development in different ways. The cornerstone of the 

global interest on renewable energy is due to the danger of global warming, mainly due 

to gas emissions from fossil run power plants in the developed nations. Ethiopia is 

blessed to be renewable energy based country and hence in line with expected global 

trend. This is important in today’s globalized economy, where energy development 

among other things will be of global importance (Hadgu, 2004).    

Diversification of energy resources is an important aspect of the national energy 

security. However Ethiopia’s energy profile is characterized by heavy dependence on 

just one source of energy: biomass. This has resulted in heavy depletion of forest 

resources, severe land degradation, soil erosion and declining agricultural productivity. 

The existing burden on biomass resources, the negative impacts on the environment 

and energy supply problems could be alleviated by undertaking comprehensive 

alternative energy development and promotion programs, particularly on renewable 

energy technologies for decentralized applications (Gorfu, 2004) 

Biogas is formed when specialized microorganisms decompose organic matter in the 

absence of oxygen. This takes place spontaneously in swamps and landfills. The 

anaerobic digestion process is also applied at biogas plants, in which various organic 

waste products from households, agriculture and the food industry are decomposed  

(Berglund, 2006). 
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The biogas produced in these facilities is recovered and used for energy production 

purposes. Typically, biogas comprises 60% methane (CH4), an energy rich gas, and 40% 

carbon dioxide (CO2). The gas can be used directly for heat or electricity production, or, 

after pressurization and removal of CO2 (i.e. upgrading of the biogas), as a vehicle fuel or 

be injected into the natural gas grid (Berglund, 2006). 

 

The common disposal route for brewery waste water sludge has been landfill. The 

treatment of organic solid waste is currently a growing area of investigation as new 

options that substitute the conventional treatment system, are explored. Due to increasing 

environmental concerns and regulations, there have been attempts to utilize this brewery 

by product in an environmentally friendly manner. In developing countries, non-

utilization of by products is a drag on economic growth and businesses and the business 

community is increasingly recognizing the potential (K. Kanagachandran, 2006). 

 

1.3 Significance of the Study 

This paper is endeavored to assess the potential of Moringa stenopetala seed cake powder 

in contributing towards biogas production and brewery wastewater treatment. 

 

Renewable energy sources can meet many times the present world energy demand, so 

their potential is enormous. They can enhance diversity in energy supply markets, secure 

long-term sustainable energy supplies, and reduce local and global atmospheric 

emissions. Anaerobic digestion of biomass has been demonstrated and applied 

commercially with success in many situations and for a variety of feed stocks.  

 



Moringa stenopetala seed cake powder: A Potential for Biogas Production and Brewery Wastewater 
Treatment through Coagulation

2008 

 

5 Eyasu Mekete, Addis Ababa University, Environmental Science Program
Cell Phone: +251-912-132497, e-mail: eyasumekete@gmail.com or eyamek@yahoo.com  

 

Moringa stenopetala seed cake powder which is a by-product of the left over after oil 

extraction is obtained from a research conducted on the oil of the seed at Addis Ababa 

University. The seed cake powder can be used as feed stock in anaerobic digestion to 

produce biogas, a gaseous fuel largely composed of methane and carbon dioxide. Biogas 

can play a part mainly in substituting the fuel wood collected for the purpose of cooking. 

This research can contribute in assessing the amount and composition of biogas that can 

be produced from Moringa stenopetala seed cake powder based on bench-scale laboratory 

demonstrations. The laboratory findings can be extrapolated at large scale production for 

alleviating the daily energy deficiency we face at household level.  

 

Environmental issues are a critical factor for the today industry competitiveness. Indeed, 

the society and the individual consumers could set a common framework for companies’ 

commitment and engagement regarding environment protection. Redesign the process, 

recover by-products or reuse effluents are some of the possible actions towards an eco-

efficient strategy. Nevertheless, a point remains crucial in such mission: the ability to 

defend natural ecosystems from polluted wastewaters. For such purpose, a wastewater 

treatment plant that maximizes removal efficiency and minimizes investment and 

operation costs is a key factor (Antonio G. Brito, 2006). 

 

Moringa stenopetala seed cake powder has coagulating properties that bind and 

agglomerate to negatively charged particulates which constitute any wastewater. 

Brewery wastewater released to different environmental compartments should be treated 

to safeguard the environment and to recover valuable nutrients from the effluent. 

Coagulation is a physical process that meets the requirements for primary wastewater 

treatment.  
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This study is intended to evaluate the removal efficiency of the seed cake powder. We 

benefit from this research in two ways. First the treated wastewater brings less impact 

when released to receiving water bodies. Secondly, valuable nutrients that can be used as 

organic fertilizer and animal feed can be recovered.  

 

1.4 Objective 

1.4.1 General objective 

 To assess the potential of biogas production and brewery 

wastewater treatment efficiency using Moringa stenopetala seed cake 

powder. 

1.4.2 Specific objectives 

  To determine amount and rate of methane generated from Moringa 

stenopetala seed cake powder in anaerobic digestion. 

  To perform physico-chemical analysis on Moringa stenopetala seed 

cake powder. 

  To determine the removal efficiency of the crude water extract of 

Moringa stenopetala seed cake powder in the treatment of brewery 

effluent. 

  To pick the best dose of coagulant that removes the different 

parameters from the brewery effluent. 
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C h a p t e r  2  

2. LITERATURE REVIEW  

2.1 Overview of Ethiopia’s Energy Sector 

Ensuring access to ample, affordable, clean, and sustainable sources of energy is 

unquestionably one of the greatest challenges facing the modern world. Rarely does a 

day pass without an energy-related issue making the headlines. Whenever world 

leaders meet, energy is an important and urgent topic of discussion. (Dobriansky, 2006) 

 

Ethiopia is well endowed with a variety of energy and other natural resources. 

However, much of the energy resource available has yet to be exploited. The renewable 

energy resources with potential include biomass, hydropower, and alternative forms of 

energy-solar, wind and geothermal energy. There are also considerable reserves of coal 

and natural gas (W/Giorgis, 2004). 

Wood biomass represents the principal form of cooking and lighting in rural areas of 

the country, and an increasing fraction of the population is being confronted with the 

difficult choice between eating their food poorly cooked and traveling a long distance to 

collect fuel for cooking. The scarcity of fuel wood had led to an increased utilization of 

dung and agro-residue for cooking that otherwise could have been used to enhance the 

nutrient and physical status of the soil and contribute positively to agricultural 

production. As can be seen from the table, the total amount of energy generated from 

dung directly burned in household stoves is estimated at 56.3 Tera joules in the year 

1998/1999 and was about 8 % of the total energy consumption in Ethiopia (Kidane 

Workneh, 2007). 
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The energy sector in Ethiopia is composed of three main sub-sectors: biomass, 

petroleum and electricity. Energy consumption is very low, with an estimated total per 

capita consumption of only about 0.2 TOE (Kidane Workneh, 2007). 

Energy Consumption by Sector and by Source (TJ) 

Table 1: Energy consumption of Ethiopia by sector and by source 

 Woody 

biomass 

 

Crop 

residue 

 

Dung 

 

Charcoal 

 

Electricity 

 

Petroleum 

 

Total 

 

Percentage 

 

Urban 

household 

34969 2824 3263 5856 1832 4161 52905 7.1 

Rural 

household 

507172 49186 50629 2709  3171 612867 82.1 

 

Agriculture      1497 1497 0.2 

Transport      26743 26743 3.6 

Services 22110 1031 1046 109 1145 331 25772 3.5 

Total 561352 54540 56334 8786 4841 40476 746239  

Percentage 77.9 7.3 7.5 1.2 0.6 5.4  100 

  

Except for very small volume of kerosene used for household lighting and diesel 

consumed in mechanized farms, energy demand in the rural part of Ethiopia is almost 

exclusively met with biomass fuels. This should not, however, be surprising given that 

Ethiopia spends about 50 % of its export earnings for importing petroleum fuels to meet 

the demand in the transport and industrial sectors. Given the present large population 

and high rate of growth, coupled with an economy that cannot yet support appreciable 

increase in importation of petroleum fuels or expansion of electric power supply, 



Moringa stenopetala seed cake powder: A Potential for Biogas Production and Brewery Wastewater 
Treatment through Coagulation

2008 

 

9 Eyasu Mekete, Addis Ababa University, Environmental Science Program
Cell Phone: +251-912-132497, e-mail: eyasumekete@gmail.com or eyamek@yahoo.com  

 

availability of these modern energy sources will remain highly constrained, and this is 

more so in rural areas (Kebede, 2004).  

Biogas technology was introduced in Ethiopia as early as 1979, when the first batch type 

digester was constructed at Ambo Agricultural College. In the last two and half decades 

around 1000 biogas plants were constructed in various parts of the country ranging in 

size from 2.5 m3 to 200 m3 in households, community and governmental institutions. 

Presently, approximately 40 % of the biogas plants that have been constructed are not 

operational due to lack of effective management, follow up, technical problems, loss of 

interest, reduced animal holdings, evacuation of ownership, water problems etc 

(Kidane Workneh, 2007).  

 

2.2 What is biogas? 

Biogas originates from bacteria in the process of bio-degradation of organic material 

under anaerobic (free oxygen) conditions (Werner Kossmann, 2000). These bacteria occur 

naturally in organic environments where oxygen is limited (Chris Henry, 1999). The 

natural generation of biogas is an important part of the biogeochemical carbon cycle. 

Methanogens (methane producing bacteria) are the last link in a chain of micro-

organisms which degrade organic material and return the decomposition products to the 

environment. In this process biogas is generated, a source of renewable energy. (Werner 

Kossmann, 2000).  

 

Biogas is comprised of about 60% methane, 40% carbon dioxide, and 0.2 - 0.4% hydrogen 

sulfide. Biogas is very corrosive to equipment and requires frequent oil changes in an 

engine generator set to prevent mechanical failure. The heating value of biogas is about 
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60% of natural gas and about 1/4 of propane. That is, one cubic foot of propane is the 

same as 4 cubic feet of biogas. (Chris Henry, 1999)  

Biogas is a product of anaerobic degradation of organic substrates, which is one of the 

oldest processes used for the treatment of industrial wastes and stabilization of sludge. 

Since it is carried out by a consortium of microorganisms and depends on various factors 

like pH, temperature, HRT, C/N ratio, etc., it is a relatively slow process. Lack of process 

stability, low loading rates, slow recovery after failure and specific requirements for 

waste composition are some of the other limitations associated with it (Van der Berg, 

1983). 

 

2.3  Anaerobic digestion 

Anaerobic digestion is the breakdown of organic material by a microbial population 

that lives in an oxygen free environment. Anaerobic means literally "without air". When 

organic matter is decomposed in an anaerobic environment the bacteria produce a 

mixture of methane and carbon dioxide gas. Anaerobic digestion treats waste by 

converting putrid organic materials to carbon dioxide and methane gas. This gas is 

referred to as biogas. The biogas can be used to produce both electrical power and heat. 

The conversion of solids to biogas results in a much smaller quantity of solids that must 

be disposed. During the anaerobic treatment process, organic nitrogen compounds are 

converted to ammonia, sulfur compounds are converted to hydrogen sulfide, 

phosphorus to orthophosphates, and calcium, magnesium, and sodium are converted to 

a variety of salts. Through proper operation, the inorganic constituents can be 

converted to a variety of beneficial products. The end products of anaerobic digestion 

are natural gas (methane) for energy production, heat produced from energy 
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production, nutrient rich organic slurry, and other marketable inorganic products 

(Dennis A, 2001). 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Consortia of micro-organisms involved in anaerobic digestion (Seyoum 

Leta, 2007). 
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2.4 Factors Affecting Anaerobic Digestion 

The performance of biogas plant can be controlled by studying and monitoring the 

variation in parameters like pH, temperature, loading rate, agitation, etc. Any drastic 

change in these can adversely affect the biogas production. So these parameters should be 

varied within a desirable range to operate the biogas plant efficiently (Yadvika, 2004). 

 

2.4.1. Temperature 

The anaerobic bacterial consortia function under three temperature ranges. 

Psychrophilic temperatures of less than 68 degrees Fahrenheit produce the least amount 

of bacterial action. Mesophilic digestion occurs between 68 degrees and 105 degrees 

Fahrenheit. Thermophilic digestion occurs between 110 degrees Fahrenheit and 160 

degrees Fahrenheit. The optimum mesophilic temperature is between 95 and 98 degrees 

Fahrenheit. The optimum thermophilic temperature is between 140 and 145 degrees 

Fahrenheit. The rate of bacterial growth and waste degradation is faster under 

thermophilic conditions. On the other hand, thermophilic digestion produces an 

odorous effluent when compared to mesophilic digestion. Thermophilic digestion 

substantially increases the heat energy required for the process. In most cases, sufficient 

heat is not available to operate in the thermophilic range (Dennis A, 2001). 

 

The conversion of fruit and vegetable waste to biogas was improved by the increase of 

the temperature from psychrophilic to thermophilic conditions. Comparatively, the 

experimental results showed that biogas productions from thermophilic operation are 

higher than psychrophilic and mesophilic operations at the overall conditions. The 

highest biogas production rate was obtained with thermophilic temperature and is 

higher by 144 and 41% in average compared to the biogas production rate from 
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psychrophilic and mesophilic digesters, respectively. The composition of the biogas 

from thermophilic digesters was the same as from the two other digesters ranging from 

58 to 62% methane. High temperature improves the anaerobic biodegradation of the 

complex organic matter (H. Bouallagui, 2003) 

 

2.4.2. pH 

pH is an important parameter affecting the growth of microbes during anaerobic 

fermentation. pH of the digester should be kept within a desired range of 6.8–7.2 by 

feeding it at an optimum loading rate. The amount of carbon dioxide and volatile fatty 

acids produced during the anaerobic process affects the pH of the digester contents 

(Yadvika, 2004).  

 

A variation of the influent pH value can affect the reactor performance, but it is 

dependent upon the buffer capacity of the mixed liquor. Methanogenic activity has its 

optimum pH value within the range of 6.5–7.5, but acidogenic bacteria are less sensitive 

to higher or lower pH values. This means that methanogenic activity can become 

inhibited at a lower pH values, while VFA are still produced, which may end in the 

acidification of the reactor (Renato Carrha´ Leit, 2005). 

 

The effect of a drastic pH change in the influent depends on the available alkalinity in 

the reactor. Tests carried out showed that during a 10-h period, neither an influent pH 

of 10 nor an influent pH of 3 significantly affected the reactor stability. This was because 

the buffer capacity of the system sufficed to maintain the pH of the medium in the 

reactor in the optimal range (Borja, 1995). 
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Operating under acidic pH conditions could facilitate the use of methanogenic digesters 

for the conversion of a wider range of municipal, industrial, and agricultural wastes to 

fuel, as it lowers or eliminates the need for alkalinity supplementation, which can be a 

large expense, especially when treating dilute or acidic wastewaters. The combination 

of energy recovery and cost savings associated with eliminating the need for 

supplemental alkalinity make this treatment a more economically attractive for 

anaerobic digestion processes designed to capitalize on methane production. 

Additionally, maintaining an acidic environment is beneficial to minimizing 

bicarbonate formation and increasing the amount of aqueous CO2 in the system. An 

acidic system could potentially promote increased activity of autotrophic methanogens 

that convert CO2 (in the presence of trace H2) into additional methane (Katherine A. 

Taconi, 2008) 

 

2.4.3. Pretreatment 

Feedstocks sometimes require pretreatment to increase the methane yield in the 

anaerobic digestion process. Pretreatment breaks down the complex organic structure 

into simpler molecules which are then more susceptible to microbial degradation 

(Yadvika, 2004). 

 

A study conducted on different pretreatments for increasing the anaerobic 

biodegradability in swine manure revealed the effectiveness of alkali and thermal 

pretreatment in the release of soluble matter. Methane productivity was enhanced by 

13% when a strong alkali (NaOH) was employed as a pretreatment. The study revealed 

that the best pretreatment was thermal application prior to anaerobic digestion, 

increasing the methane productivity by about 35%. On the other hand, acid 
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pretreatments have shown to be the worst option for the hydrolysis of swine manure 

(Cristina González-Fernández, 2008). 

 

Batch fermentation of untreated and various pretreated Parthenium at an 

Inoculum/Substrate ratio of 80.8 showed that there was no significant (P < 0.05) effect 

of heat treatment on the methane yield. The methane yields from the HCl and NaOH-

treated Parthenium were 45 and 69% higher, respectively, than the untreated Parthenium. 

The highest VS reduction of 66% was measured for NaOH-treated Parthenium 

(Gunaseelan, 1994). 

 

2.4.4. Particle size 

Though particle size is not that important a parameter as temperature or PH of the 

digester contents, it still has some influence on gas production. The size of the feedstock 

should not be too large otherwise it would result in the clogging of the digester and also 

it would be difficult for microbes to carry out its digestion. Smaller particles on the other 

hand would provide large surface area for adsorbing the substrate that would result in 

increased microbial activity and hence increased gas production (Yadvika, 2004). 

 

2.4.5. C/N ratio 

Microorganisms need both nitrogen and carbon for assimilation into their cell 

structures. Various experiments have shown that the metabolic activity of 

methanogenic bacteria can be optimized at a C/N ratio of approximately 8-20, whereby 

the optimum point varies from case to case, depending on the nature of the substrate 

(Werner Kossmann, 2000). 
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It is necessary to maintain proper composition of the feedstock for efficient plant 

operation so that the C: N ratio in feed remains within desired range. It is generally found 

that during anaerobic digestion microorganisms utilize carbon 25–30 times faster than 

nitrogen (Yadvika, 2004). 

 

2.4.6. Agitation 

Many substrates and various modes of fermentation require some sort of substrate 

agitation or mixing in order to maintain process stability within the digester (Werner 

Kossmann, 2000). They explained that the most important objectives of agitation to be: 

 Removal of the metabolites produced by the methanogens (gas) 

 Mixing of fresh substrate and bacterial population (inoculation) 

 Preclusion of scum formation and sedimentation 

 Avoidance of pronounced temperature gradients within the digester 

 Provision of a uniform bacterial population density 

 Prevention of the formation of dead spaces that would reduce the effective 

digester volume 

 

Stirring of digester contents needs to be done to ensure intimate contact between 

microorganisms and substrate which ultimately results in improved digestion process. 

Agitation of digester contents can be carried out in a number of ways. For instance daily 

feeding of slurry instead of periodical gives the desired mixing effect. Stirring can also be 

carried out by installing certain mixing devices like scraper, piston, etc. in the plant 

(Yadvika, 2004). 
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The effect of organic load and mixing intensities (minimal, gentle or vigorous) during 

biogas process showed that gentle or minimal mixing under low substrate to inoculum 

ratio or gentle mixing under high substrate to inoculum ratio would result in higher 

methane production. On the contrary, vigorous mixing would result in delayed and low 

methane production, especially under high initial substrate to inoculum ratio (Prasad 

Kaparaju, 2007). 

 

2.4.7. Bacterial Consortia 

Anaerobic digestion is carried out by a group, or consortia of bacteria, working together 

to convert organic matter to gas and inorganic constituents. A wide variety of physical, 

chemical, and biological reactions take place. The bacterial consortia catalyze these 

reactions. Consequently, the most important factor in converting waste to gas is the 

bacterial consortia. The bacterial consortia are essentially the "bio-enzymes" that 

accomplish the desired treatment. A poorly developed or stressed bacterial consortium 

will not provide the desired conversion of waste to gas and other beneficial products 

(Dennis A, 2001). 

 

It is often necessary to introduce enriched seeding bacteria into the digester for starting 

up the anaerobic fermentation process. Generally digested sludge from a running biogas 

plant or a municipal digester, material from well-rotted manure pit, or cow dung slurry is 

used as seed. If during the operation volatile fatty acids are accumulated due to 

overloading, this can be corrected by reseeding and temporarily suspending the feeding 

of digester or by adding lime in requisite quantities (Yadvika, 2004). 
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2.4.8. Organic loading rate (OLR) 

Organic load variations can be divided into two different classes, those which are due to 

suspended solids variation, and those due to dissolved solids variation. Each class has 

their own distinct effects. An extra contribution in the load of SS can lead to a decrease 

in SRT and further deterioration of reactor performance. Overloading due to dissolved 

degradable compounds can lead to an accumulation of VFA, a drop in pH values, and 

possibly an inhibition of methanogenic activity (Renato Carrha´ Leit, 2005). 

 

2.4.9. Hydraulic retention time (HRT) 

Most anaerobic systems are designed to retain the waste for a fixed number of days. 

The number of days the materials stays in the tank is called the Hydraulic Retention 

Time or HRT. The Hydraulic Retention Time equals the volume of the tank divided by 

the daily flow (HRT=V/Q). The hydraulic retention time is important since it 

establishes the quantity of time available for bacterial growth and subsequent 

conversion of the organic material to gas (Dennis A, 2001). 

 

Shorter retention time is likely to face the risk of washout of active bacterial population 

while longer retention time requires a large volume of the digester and hence more 

capital cost. Hence there is a need to reduce HRT for domestic biogas plants based on 

solid substrates (Yadvika, 2004). 

 

2.4.10. Solid concentration 

The mobility of the methanogens within the substrate is gradually impaired by 

increasing solids content, and the biogas yield may suffer as a result. However, reports 

of relatively high biogas yields from landfill material with high solids content may be 
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found in recent literature. No generally valid guidelines can be offered with regard to 

specific biogas production for any particular solids percentage (Werner Kossmann, 

2000). 

 

The amount of fermentable material of feed in a unit volume of slurry is defined as solid 

concentration. Ordinarily 7–9% solids concentration is best-suited (Yadvika, 2004).  

 

2.4.11 Available nutrient 

In order to grow, bacteria need more than just a supply of organic substances as a 

source of carbon and energy. They also require certain mineral nutrients. In addition to 

carbon, oxygen and hydrogen, the generation of bio-mass requires an adequate supply 

of nitrogen, sulfur, phosphorous, potassium, calcium, magnesium and a number of 

trace elements such as iron, manganese, molybdenum, zinc, cobalt, selenium, tungsten, 

nickel etc. "Normal" substrates such as agricultural residues or municipal sewage 

usually contain adequate amounts of the mentioned elements. Higher concentration of 

any individual substance usually has an inhibitory effect, so that analyses are 

recommended on a case-to-case basis to determine which amount of which nutrients, if 

any, still needs to be added (Werner Kossmann, 2000). 

 

2.4.12 Inhibitory factors 

The sudden occurrence of high concentrations of xenobiotics, heavy metals, detergents, 

oxygen, etc. is very common in treatment plants. Their effects depend on the severity 

(duration and concentration) of the event, but these compounds inhibit the 

methanogens more than the other anaerobic micro-organisms, and consequently cause 

accumulation of VFA and a drop in pH. In the case of oxygen, the facultative bacteria 
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present in the granules can use this element before it can affect the methanogens. 

However, during a hydraulic shock load, the amount of oxygen can exceed the capacity 

of the facultative bacteria present in the granule or floc, causing inhibition of 

methanogenesis (Renato Carrha´ Leit, 2005). 

 

The presence of heavy metals, antibiotics (Bacitracin, Flavomycin, Lasalocid, Monensin, 

Spiramycin, etc.) and detergents used in livestock husbandry can have an inhibitory 

effect on the process of biomethanation. Table 2 lists the limiting concentrations (mg/l) 

for various inhibitors in anaerobic digestion (Werner Kossmann, 2000). 

 

Table 2: Limiting concentrations for various inhibitors of biomethanation 

Substance mg/L 

Copper 10-250 

Calcium 8000 

Sodium 8000 

Magnesium 3000 

Nickel 100-1000 

Zinc 350-1000 

Chromium 200-2000 

Sulfide (as sulfur) 200 

Cyanide 2 
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2.5 Moringa stenopetala: The Miracle Tree 

2.5.1 Taxonomy and Distribution 

Moringa stenopetala belongs to family Moringaceae that is represented only by a single 

genus Moringa. The genus is represented by 14 species to which Moringa stenopetala 

belongs. Northeast tropical Africa is a center of endemism plus diversity to the genus 

(Mark, 1998). The taxonomic position of the family is not clear. It has some features 

similar to those of Brassicaceae and Capparidaceae but the seed structure does not 

agree with either of the above families. Pollen studies have not provided any other 

suggestions and recent molecular studies have pointed to a relationship with the 

Carricaceae. These indicate that the taxonomic position of the family is not yet settled 

and is open for further studies. Its seed physiology is also not yet studied in the country 

(Edwards et al., 2000). 

Moringa stenopetala is a tree 6-10m tall; trunk: more or less 60cm in diameter at breast 

height; crown: strongly branched sometimes with several branches; thick at base; bark: 

white to pale gray or silvery, smooth; wood: soft; Leaves: up to 55cm long; 

Inflorescence: pubescent, dense many flowered panicles ca. 60cm long (Edwards et al., 

2000).The Genus follows the distribution pathway from Rajasthan to South West Africa 

(Africa, Madagascar and parts of Asia, including Arabia and India) (Mark, 1998).  

The habitat where the genus occur in Ethiopia as summarized from the herbarium 

sheets of the National herbarium includes: rocky areas along rivers, dry scrub land, 

Acacia-Commiphora woodland, water courses with some evergreens, Open Acacia-

Commiphora bush land on grey alluvial soil and in cultivation around village. Moringa 

stenopetala is cultivated in terraced fields, gardens and small towns. The species is found 
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to grow in Keffa, Gamo Gofa, Bale, Sidamo, Borana and Debub Omo zones, and in 

Konso and Dherashe especial woredas (Ethiopian Tree Fund Foundation, 2006). 

 

Figure 2: Moringa stenopetala tree in Gamo-Gofa Zone, Arbaminch 

The National Herbarium has few collections of Moringaceae. The overall collections 

were represented by 5 species of which the larger part is Moringa stenopetala. Many of 

the collections were from Gamo Gofa. There are small seed collections of Moringa 

species in the Institute of Biodiversity Conservation and Research from Gamo Gofa. 

However, the viability of these seeds is not yet tested. There is no information 

documented on Moringa stenopetala localities in the eastern and northern parts of 
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Ethiopia. It is not clear whether this is due to lack of exploration in the area or absence 

of the species in the area (Ethiopian Tree Fund Foundation, 2006). 

2.5.2 Origin and Uses 

Moringa stenopetala is often referred to as the African Moringa Tree because it is native 

only to southern Ethiopia and northern Kenya. Though it grows in many other parts of 

the tropics, it is not as widely known as its close relative, Moringa oleifera but often 

considered generally more desirable than M. oleifera (Mark, 1998). 

It is reported that the edible parts are exceptionally nutritious (Rams, 1994). The leaves 

are one of the best vegetable foods that can be found in the locality.  

 

Figure 3: Moringa stenopetala leaves in the market for consumption (Konso area) 
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All parts of the tree except the wood are edible, providing a highly nutritious food for 

both humans and animals. The flowers are a good nectar source for honey; can be eaten 

or used to make a tea and the seeds are rich oil sources for cooking and lubricant uses. 

Many parts of the plant have been used in medicinal preparations. The wood is very 

soft; useful for paper but makes low-grade firewood and poor charcoal. Attracting 

attention in recent decades is the use of the dried, crushed seeds as a coagulant (Jahn, 

1984). Even very muddy water can be cleared when crushed seeds are added. Solid 

matter and some bacteria will coagulate and then sink to the bottom of a container 

(Gupta and Chaudhuri, 1992). 

 2.5.3 Cultivation and Harvesting 

It has been reported that Moringa stenopetala grows wild at elevations between 1,000 and 

1,800 m (Mark, 1998) but it will grow as high as 2200m and as low as 300m (herbarium 

source) in Ethiopia. However, communication with the local people showed that 

currently this species is known in wild in localized areas in Debub Omo around Turmi. 

Otherwise it is known as cultivated plant in most places. Studies show that light frosts 

will do it no harm and freezes, though, may cause it to die back to ground level, where 

new sprouts may be produced. Full sun is normal, though partial shade is tolerated. It is 

resistant to dry weather. Optimum light for germination of all Moringa species is half 

shade (Ethiopian Tree Fund Foundation, 2006). 

 

The most striking characteristic of the Konso agricultural system is the cultivation of the 

cabbage tree (Moringa stenopetala). The tree is densely planted within the villages and 

generally more widely spaced in the fields and terraces between 1600 and 1800 m. Its 

light green leaves and the conspicuous grey bark are characteristic features of the 
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cabbage tree. Konso can be considered as the area where the tree was first cultivated. 

From here the cultivation has spread into neighboring areas where it is being used 

intensively as well (Engels, 1991). 

 

Seeds should be planted about 2 cm deep in soil that is moist but not too wet. Sprouting 

occurs normally in 1-2 weeks. It can be allowed to grow for shade (6-15 m), or kept low 

(about 1-1.5 m) for easier harvesting. Moringa stenopetala quickly produces a large gray 

trunk and leaves covered with glistening nectars. It quickly sends out new growth from 

the trunk when cut, or from the ground when frozen. Living fences can be continually 

cut back to a few feet. It is an extremely fast-growing tree and continued to grow during 

the exceptionally long dry season (Ethiopian Tree Fund Foundation, 2006). 

2.5.4  Cooking and Nutrition 

It was reported that Moringa foliage and fruit pods are rich sources of calcium and iron, 

and good sources of vitamins A, B, and C (when raw) and of protein (including goodly 

amounts of the sulfur-containing amino acids, methionine and cystine) (Rams, 1994). 

Both young and older leaves are edible, though older ones are milder and tender. They 

can be cooked in soups or boiled. Young pods may be also cooked. Immature seeds are 

often cooked and eaten as a fresh vegetable, while mature seeds can be dried and 

roasted. The flowers can be cooked or oven-dried and steeped as tea. Dried leaves can 

be stored as future soup or sauce supplements. Blossoms are edible; they taste like 

radish. Browning seeds from mature pods that are mashed and placed in boiling water 

causes an excellent cooking or lubricating oil to float to the surface. The oil preserves 

well although become rancid with age. Its roots are used as a flavoring and in poultices; 
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and edible oil can be extracted from its seeds. The green pods and surrounding white 

material can be removed from larger pods and cooked in various ways. 

It is reported that Moringa stenopetala had larger and more appealing in appearance and 

more palatable leaves, more drought resistance, and larger seeds as compared to the 

widely known Indian Moringa (Ethiopian Tree Fund Foundation, 2006). 

2.5.5 Socioeconomic Values 

It is reported that in some parts of Africa there are folk beliefs that Moringa trees 

planted on graves keep away hyenas and its branches guard against witchcraft. For this 

reason many families plant Moringa species on and around the graves of their relatives. 

This way of thought, therefore, has a great contribution to the conservation of the 

species. In some parts of southern Ethiopia, especially among the Konso people, the 

abundance of Moringa species in the garden or on farmland indicates the social status 

of the owner among the society. The one with many Moringa trees in the garden or on 

farmland has a higher social status and also considered rich. In Konso if a man wants to 

get married and asks a girl to be his wife then the first question that the parents of the 

would-be wife ask to know is how many Moringa trees he has in his garden or 

farmland. They thought that if the husband has many Moringa trees in his garden or 

farmland then their daughter will have no problem to feed her babies even when 

drought occurs. For this reason Konso people especially young men are encouraged to 

plant Moringa in their garden as well as on their farmlands. This teaches us that culture 

by itself has a great role in conservation and sustainable utilization of locally important 

tree species (Ethiopian Tree Fund Foundation, 2006). 
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Moringa stenopetala is planted together with fruit trees in the cropped fields in Konso. 

Sometimes the trees are also used to provide partial shade for crops like sorghum in 

southern Ethiopia. Whole plants have been used as hedges and fences. Moringa 

stenopetala can also be planted as a windbreak. As soon as the upper branches of the tree 

grew broader, the tree can be pruned to stimulate more profuse growth of their lower 

branches, thus thickening the hedge. Vegetables cultivated behind it profited from this 

protection. The species can also be grown as an ornamental tree in private gardens and 

home compounds (Ethiopian Tree Fund Foundation, 2006). 

 

2.6. Brewery Industry 

2.6.1 Brewery wastewater  

Beer is a drink through alcoholic fermentation, using selected yeasts of the genera 

Saccharomyces, of wort prepared from malt cereals, mainly barely, and other amylaceous 

or sugar-based raw materials, to which are added hop flowers, or their derivatives, and 

adequate water (Antonio G. Brito, 2006). 

 

The composition of brewing effluents can fluctuate significantly as it depends on various 

processes that take place within the brewery, but the amount of wastewater produced 

depends on the water consumption during the process. In general, water consumption 

per volume of produced beer attain 4.73 m3/m3  (Carlsberg, 2005) but it should be 

pointed out  that the wastewater to beer ratio is often 1.2 m3/m3 to 2 m3/m3 less because 

part of the water is disposed off with by-products and lost by evaporation  (Driessen W., 

2003). 
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Organic components in brewery effluent are generally easily biodegradable and mainly 

consist of sugars, soluble starch, ethanol, volatile fatty acids, etc., leading to a BOD/COD 

ratio of 0.6 to 0.7. The effluent solids consist of spent grains, kieselguhr, and waste yeast. 

The pH levels are determined by the amount and the type of chemicals used at CIP (clean 

in place) units (e.g. caustic soda, phosphoric acid, nitric acid). Nitrogen and phosphorus 

levels mainly depend on handling of raw material and the amount of spent yeast present 

in the effluent. High phosphorus levels can also result from the chemicals used in the CIP 

unit (Antonio G. Brito, 2006). 

 

2.6.2 Brewery Wastewater Treatment 

The brewing industry is one of the largest industrial users of water. Even though 

substantial technological improvements have been made in the past, it has been 

documented that approximately 3 to 10 liters of waste effluent is generated per liter of 

beer produced in breweries. Brewery effluent is a waste material discharged to the drains. 

The high organic content of brewery effluent classifies it as a very high strength waste in 

terms of chemical oxygen demand, from 1000 mg/L to 4000 mg/L and biochemical 

oxygen demand of up to 1500 mg/L. The treatment of brewery waste water effluent is a 

costly affair for the brewer in order to meet government regulations and to practice 

environmentally friendly manufacturing (K. Kanagachandran, 2006). 

 

2.6.3 Coagulation and Flocculation 

Coagulation and flocculation provide the water treatment process by which finely 

divided suspended and colloidal matter in the water is made to agglomerate and form 

floc. This enables their removal by sedimentation, dissolved air flotation or filtration. 

Colloidal particles (colloids) are midway in size between dissolved solids and 
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suspended matter. Colloids are kept in suspension (stabilized) by electrostatic repulsion 

and hydration. Electrostatic repulsion occurs because colloids usually have a surface 

charge due to the presence of a double layer of ions around each particle. Thus, the 

colloid has an electric charge, mostly a negative one. Hydration is the reaction of 

particles at their surface with the surrounding water. The resulting particle-water 

agglomerates have a specific gravity, which differs little from that of water itself (Jahn, 

2001). 

 

The substances that frequently are to be removed by coagulation and flocculation are 

those that cause turbidity and color. Surface waters in tropical countries often are turbid 

and contain coloring material. Turbidity may result from soil erosion, algal growth or 

animal/vegetable debris carried by surface run-off. Substances leached from 

decomposed organic matter, leaves, or soil such as peat may impart color. Both 

turbidity and color are mostly present as colloidal particles (Jahn, 2001). 
 

2.6.4 Moringa stenopetala seed cake powder: An effective seed coagulant 

Certain seeds contain substances for the growth of the seedling, which also have 

flocculating properties. The polyelectrolytes of Moringa oleifera, M. stenopetala and 

Strychnos potatorum are examples of such flocculating substances. The destabilization of 

water colloids is due to positive or negative charges. The cationic electrolytes of 

Moringa are presumed to act like cations of metal coagulants. Alum and a seed extract 

have different impacts on several chemical and physical characteristics of coagulation 

(Jahn, 2001).  
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The seeds of the Moringa family are very efficient water-coagulants, and toxic side 

effects have not been noted. The substances effective in flocculation can be gathered by 

chromatography, as they are assumed to be proteins (Jahn, 1981). Experiments have 

shown that the active substances are cationic polymers, which bring about the same 

effectiveness as the best technical water-clarifying agents (e.g. alum, which is used in 

waterworks; Barth et al. 1982).  

 

Flocculation is initiated by an electrostatic process, i.e. bridging between negative 

colloid particles and cationic polymers. This process can be accelerated through 

continuous stirring, resulting in a three-dimensional aggregation. Within the Moringa 

family, M. stenopetala can be considered as the most effective water-clarifier. The seeds 

are crushed, tied up in a cloth and agitated in a container of surface water (Gottsch, 

1992). 

 

To the author’s best knowledge, this is the first work on brewery wastewater treatment 

through coagulation using Moringa stenopetala seed cake powder. Most of the papers 

conducted so far focus on the seed itself than the seed cake powder. The contribution of 

the seed cake powder can be considered as value added because it is a by-product of the 

hexane extract of Moringa stenopetala seeds. 
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C h a p t e r  3  

3. Materials and Methods 

3.1 Digester Design and Operation 

Anaerobic digesters have been generally constructed in bench-scale experiments where 

biogas is produced out of the degradation of organic matter in sealed serum bottles. The 

experiments were carried out in ten digesters. The digesters were constructed of serum 

bottles with a capacity of 2.5 L (0.0025 m3). Each serum bottle was sealed with a rubber 

stopper having two outlets. The first outlet attached to an 8 mm internal diameter PVC 

pipe immersed below the top slurry level was used for sampling without introducing air 

into the digester. The second outlet was well above the top of the slurry for gas collection. 

Intravenous line used in health facilities was modified and fitted to the outlet for gas 

collection, where the driver was used to control the release of the gas. 

 

Methanogens are sensitive to drastic changes in temperature. Therefore, all the digesters 

were sand-jacketed to insulate the internal working temperature from environmental 

fluctuations. 

 

Gas production from the digesters was measured by the downward displacement of 

water using graduated cylinders. After measurement the displaced water was allowed to 

move back, and the gas was vented to a serum bottle containing a 5% NaOH solution. 

CO2 dissolves in the solution where as the amount of NaOH displaced was equivalent to 

the amount of methane in the biogas.  
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Figure 4: Digesters are sand-jacketed 

 

   
Figure 5: Gas production is measured through downward displacement of water 
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3.2 Feedstock 

Moringa stenopetala seed cake powder was used as substrate for biogas production. The 

seed cake powder was collected from a research conducted by Andinet who is working 

on the oil from the seed at Addis Ababa University. We wanted to follow a holistic 

approach on the overall use of the seed. Thus the research was conducted in parallel on 

the oil from the seed and on seed cake powder. The spent seed cakes powder i.e. the left 

over after oil extraction was used as substrate for anaerobic digestion throughout the 

experiment. The sample was sun dried to remove any of the hexane that may prevail 

with the seed cake powder. The spent was made ready for digestion after dried in an 

electric oven and sieved with a 2mm sieving mesh. 

 

  
Figure 6: Seed cake powder was sieved with a 2mm sieving mesh 
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3.3 Inoculum 

The inoculum used for the anaerobic digestion was collected from the slurry of the biogas 

plant in Science Faculty, Addis Ababa University. This is better than cow dung because 

the group of micro-organisms have adapted the system very well when used in anaerobic 

digestion. The inoculum was first allowed to digest separately until no significant 

quantities of gas were produced. This was done to ensure that the slurry did not 

contribute to experimental gas production. 

 

3.4 Experimental Configuration 

Three digesters (A, B and C) with different proportions were run in triplicate to make up 

nine digesters. The tenth digester had compositions similar to that of digester “A” but pH 

meter was dedicated to the reactor so that it was possible to have full control of 

measurements of the pH and temperature changes inside the digester. 

 

In all the digesters equal amount of dry weight of the seed cake powder (125g) was taken. 

Digester “A” was inoculated with 10% of the working volume of the reactor, digesters 

“B” and “C” were inoculated with 15% and 20% of their working volumes, respectively. 

The tenth digester was also inoculated with 10% of the working volume of the digester, 

but pH meter was dedicated to reactor. In all the reactors, the feedstock was mixed with 

water to bring the total solid of the substrate to 8%.  
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Figure 7: Digesters were constructed using serum bottles fitted with cork and PVC tubes 

3.5 Physico-Chemical Analyses 

Solid samples were analyzed directly. Liquid samples were analyzed either directly, 

within 24 h after storage at 40C. Initial pH was measured directly from the fresh sample 

before it was sealed for the digestion process. But throughout the retention time pH was 

measured without introducing air into the digester through one of the outlets where a 

PVC pipe was immersed below the top slurry level. Sampling was carried out within 

three days interval throughout the process not to have significant change on the 

working volume of the composition. 

 

For Total Solids determination, a known amount of sample was transferred into a 

previously weighed crucible and dried at 105 0C for 24 hrs for solid samples and 12 hrs 
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for liquid samples. For Volatile Solids estimation, the dried sample after Total Solids 

estimation was ignited in a muffle furnace at 550 0C for 4 hrs. 

 

Biogas production was measured at two days interval up to 68 days of incubation by 

employing water displacement technique and 5 cc samples for biogas composition were 

collected using a gastight syringe. The analysis was carried out at Addis Ababa 

University, Chemistry Department (Buck Scientific Gas Chromatograph Model 910). 

 

Total nitrogen was determined by the Kjeldahl method. The level of different metals in 

the seed cake powder was analyzed by Atomic absorption spectroscopy after the 

sample was digested with a mixture of 5ml nitric acid and 5ml hydrogen peroxide for 

three hours. 0.5g of the seed cake powder was taken for extraction. Replicate samples 

were digested once at a time. Another replicate of the same procedure was also taken at 

a different instance. The acid was also digested alone so that to subtract the contribution 

of the acid in the final sample. The digested samples were filtered through a Whatman 

filter paper No. 41 and were diluted with deionized water to a volume of 25ml. For 

some metals readings were taken in terms of Absorption/Emission and then were 

converted to concentration using Beer’s Law.  

 

Analyses of the different readings were undertaken using SPSS 11.0, Microsoft Excel 

and Microcal Origin 6.0 softwares. (Buck Scientific Atomic Absorption 

Spectrophotometer, Model 210 VGP). 
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3.6 Sample Collection and Preparation for Brewery Wastewater Treatment 

Brewery wastewater sample was taken from St. George Brewery Factory, Addis Ababa. 

The wastewater was characterized for selected parameters that are considered to be 

important in Brewery wastewater treatment.  

 Wastewater was collected at the end of the pipe. As the composition of the effluent 

is highly variable in time, sample was collected three times a day at eight hours 

interval so as to make the sample composite. 

 Analysis of sample was taken within the same day of sample collection for COD 

and BOD. 

 The other parameters were analyzed the day after sample collection 

 All samples were kept at 4 0C before analysis.  

 NH4+, NO3-, total nitrogen, total phosphorus and turbidity were measured using 

HACH Spectrophotometer (Model DR-2010). 

 COD was analyzed using HACH instruction.  

 BOD5 analysis was carried out at Addis Ababa Environmental Protection Authority 

Laboratory. 

 Total Suspended Solids was measured according to APHA, 1998.  
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3.7 Coagulant Preparation and treatment for Brewery Wastewater 

 The coagulant used was the crude water extract of Moringa stenopetala seed cake 

powder. 

 The seed cake powder was the left-over after the oil was extracted from the kernel 

using n-hexane as a solvent. 

 Ten different coagulant doses of the crude water extract of Moringa stenopetala seed 

cake powder [(0.025g, 0.050g, 0.075g, 0.1g, 0.125g, 0.150g, 0.175g, 0.2g, 0.225g, 

0.25g) of the seed cake powder dissolved in 250ml of clean water] was prepared.  

 Each dose was taken to treat 1000ml of brewery wastewater. 

 

Treatment Procedure 

 Each of the weighed powder was mixed with 25ml of clean water to dissolve the 

active coagulant from the seed cake powder. 

 The mixture was filtered through a Whatman filter paper No. 41 and the filtrate was 

used as a coagulant. 

 The filtrate was poured to the Brewery wastewater and was stirred very fast for 

about 3 minutes and slowly for 20 minutes. 

 The mixture was allowed to settle for 2 hours. 

 The supernatant was taken to be the treated brewery wastewater. 
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C h a p t e r  4  

4. Results and Discussion 

4.1 Moringa stenopetala seed cake powder: A Potential source for Biogas Production 

4.1.1 Physico-chemical characteristics of Moringa stenopetala seed cake powder 

The seed cake powder obtained from hexane extract of Moringa stenopetala was 

analyzed for the level of different metals that may exist in it. The value was also 

compared with the standard set for optimum concentration of metals in biogas 

production. 

Table 3: Metal content of Moringa stenopetala seed cake powder 

Substance Moringa stenopetala seed 

cake powder [mg/L] 

Standard for biogas 

production [mg/L] 

Cobalt 0.86 ± 0.26 - 

Chromium 0.92 ± 0.21 200-2000 

Cadmium 2.00 ± 0.81 - 

Nickel 5.9 ± 2.02 100-1000 

Potassium 29.5 ±10.1 - 

Manganese 17.3 ± 5.11 - 

Sodium 10.685 ± 0.25 8000 

Copper 21.5± 3.15 10-250 

Zinc 20.7 ± 5.86 350-1000 

Calcium 113.5 ± 14.9 8000 

Magnesium 79.5± 9.15 3000 

Lead 22.3 ± 4.97 - 
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The sudden occurrence of high concentrations of xenobiotics, heavy metals, detergents, 

oxygen, etc. is very common in treatment plants. Their effects depend on the severity 

(duration and concentration) of the event, but these compounds inhibit the 

methanogens more than the other anaerobic micro-organisms, and consequently cause 

accumulation of volatile fatty acids and a drop in pH (Renato Carrha´ Leit, 2005).  In 

our sample, the concentration of the different metals was within the acceptable range 

and meets the standard set by Werner Kossmann (2000) for biogas production. 

Therefore, the presence of these metals was unlikely to contribute in inhibiting the 

process of biomethanation. 

 

The percentage composition of the total solids of the seed cake powder was about 93%. 

This leaves the moisture content of the feedstock to be only 7% (Table 4).  

 

 Table 4: Physico-chemical characteristics of Moringa stenopetala Seed cake Powder 

Constituents Percentage composition 

Total Solids 92.94%±0.38 

Volatile Solids 82.01%±1.08 

Moisture Content 7.06±0.38 

Carbon 45.10%±1.08 

Nitrogen 3.52%±0.01 

C/N ratio 12.78 

 

Studies on the most favorable percentage of total solids for biogas production suggested 

an average of 7-9% (Yadvika, 2004). The mobility of the methanogens within the 
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substrate is gradually impaired by increasing solids content, and the biogas yield may 

suffer as a result. Therefore much water is required to bring the total solids percentage 

of the seed cake powder from 93% to 8%. This can be considered as disadvantage in 

areas that suffer from water drought. Availability of water should be taken into account 

for the large scale implementation of biogas production from materials with higher 

solid content such as Moringa stenopetala seed cake powder.  

 

In our laboratory, we have consumed 1428ml of water to bring the percentage 

composition of the total solids of a 125g Moringa stenopetala seed cake powder to 8%. 

This is about 57.12% of the volume of the container. 

 

The percentage composition of volatile solids of the seed cake powder is about 82% of 

the total solids portion (Table 4). This indicates that a large fraction of the seed cake 

powder is biodegradable. Therefore, Moringa stenopetala seed cake powder can be 

considered as an important feedstock for biogas production. 

 

Estimating Carbon Content 

According to Adams (1951), if you know the nitrogen content for an ingredient, but not 

the carbon content or the C/N ratio, you can estimate the % C based on the volatile 

solids content if that value is known or can be measured. Volatile Solids (VS) are the 

components (largely carbon, oxygen, and nitrogen) which burn off an already dry 

sample in a laboratory furnace at 500-600°C, leaving only the ash (largely calcium, 

magnesium, phosphorus, potassium, and other mineral elements that do not oxidize). 

For most biological materials the carbon content is between 45 to 60 percent of the 

volatile solids fraction. Assuming 55 percent the formula is: 
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%Carbon=(%VS)/1.8 

where % VS = 100 - % Ash 

In our experiment the volatile solids content of the seed cake powder was determined 

to be 82%. The above formula was used to estimate the carbon content of the powder. 

Hence,  

     %Carbon=(%VS)/1.8 

     % Carbon=82%/1.8 

     % Carbon=45.10% 

The nitrogen content of the seed cake powder was determined by Kjeldahl method at 

the Addis Ababa University, Microbiology Laboratory and it was found to be 3.52%. 

The carbon-to-nitrogen ratio of the feedstock can be calculated from the above findings. 

Carbon/Nitrogen=45.10/3.52=12.78 

Various experiments have shown that the metabolic activity of methanogenic bacteria 

can be optimized at a C/N ratio of approximately 8-20, whereby the optimum point 

varies from case to case, depending on the nature of the substrate (Werner Kossmann, 

2000).The C/N ratio of Moringa stenopetala seed cake powder (12.78) is in line with the 

value set for optimum biogas production.   
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4.1.2 Amount and Composition of Biogas Production 

 

Table 5: Total volume of Biogas in all the digesters 

Type of Digester Amount of Biogas (ml) 

A1 6970 

A2 6673 

A3 6445 

B1 7980 

B2 7765 

B3 7510 

C1 7217 

C2 7095 

C3 7220 

  

 

Mean Value for Amount of Biogas in Digesters of “A”=6696ml±263.25 

Mean Value for Amount of Biogas in Digesters of “B” =7751.67ml±235.28 

Mean Value for Amount of Biogas in Digesters of “C” =7177.25ml±71.32 

 

For accurate determination of the composition of the biogas, gas chromatography 

analysis is required. There had been an attempt to determine the composition of our 

biogas sample in Addis Ababa University, Chemistry Department. The composition of 

methane ranged between 60-65%. But it was not possible to determine the amount of CO2 

because the TCD (Thermal Conductivity Detector) was not properly functioning with 
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respect to CO2 measurement. This was proven by taking and injecting pure CO2 gas 

sample to the detector. Similarly the instrument failed to detect it. 

 

However, the composition of the biogas in each of the digesters was estimated with an 

indirect measurement. First the volume of the biogas displaced was measured by the 

downward displacement of water. The volume of the water displaced corresponds to the 

amount of biogas produced from the digester in the given time. Subsequently, the 

composition of methane in the biogas was estimated by allowing the gas to pass through 

a 5% NaOH solution. Principally biogas is composed of Methane and Carbon dioxide, the 

CO2 dissolves in the basic solution to form bicarbonates. 

 

Therefore, the amount of NaOH displaced is approximately equal to the amount of 

methane in the biogas. However, it should be noted that the traces (N2, H2S) that may 

constitute the biogas may have been accounted with the amount of methane.  

 

Table 6A 1: Composition of biogas after 20 days of digestion period 

Type of digester Amount of biogas Amount of methane Percentage of methane 

A2 225 140 62.2% 

B1 340 238 70% 

C3 290 190.53 65.7% 
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Table 6A 2: Composition of biogas after 40 days of digestion period 

Type of digester Amount of biogas Amount of methane Percentage of methane 

A3 240 158.4 66% 

B2 220 160 72.7% 

C1 200 140 70% 

  

Table 6A 3: Composition of biogas after 60 days of digestion period 

Type of digester Amount of biogas Amount of methane Percentage of methane 

A1 50 32.5 65% 

B3 70 49 70% 

C2 70 47.53 67.9% 

 

Table 6: Average percentage of methane share from the biogas 

Type of Digester Average percentage of methane 

“A” Type 64.4% ±1.97 

“B” Type 70.9% ±1.56 

“C” Type 67.87% ±2.15 

 

Table 6 shows the composition of methane in the biogas in each of the digesters in which 

gas samples were taken from each of the digesters at three different retention times. The 

portion of methane in digesters of type A, B and C ranged from 62.2%-66%, 70%-72.7% 
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and 65.7%-70%, respectively. In general, the composition of methane in all of the 

digesters is within the range of 62%-72%. This finding is almost similar to the result 

obtained from Gas Chromatography analysis. However, the fraction of methane through 

the indirect measurement was higher than the Gas Chromatography value. This may be 

due to the presence of trace substances that constitute the biogas could have been 

accounted in the indirect measurement.  
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Figure 8 shows the cumulative biogas production throughout the retention time for 

digesters of “A” type with 10% of the working volume inoculated with actively 

digested biogas slurry. Compared to digesters of “B” and “C” type a relatively lower 

volume of cumulative biogas production was recorded. This might be due to a lower 

concentration of inoculum with respect to substrate concentration. 81% of the 

cumulative production was obtained after 46 days of retention time. It is a relatively 

longer retention time compared to the other two types of digesters. 
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Figure 9: Retention time Versus Cumulative biogas production in digesters of “B” 

type 
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Figure 9 shows the cumulative biogas production throughout the retention time for 

digesters of “B” type with 15% of the working volume inoculated with actively digested 

biogas slurry. The overall performance of the digesters of “B” type is higher than 

digesters of “A” and “C” type. Since the start of the digestion period the daily volume 

of biogas production increased sharply. The cumulative biogas production reached 

81.49% of the retention time after 42 days of incubation. At 15% inoculum concentration 

the rate and volume of biogas production was obtained to be maximum. 
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Figure 10: Retention time Versus Cumulative biogas production in digesters of “C” 

type 
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Figure 10 shows the cumulative biogas production throughout the retention time for 

digesters of “C” type with 20% of the working volume inoculated with actively digested 

biogas slurry. The performance of digesters of “C” type was close to digesters of “B” 

type. After 42 days of incubation, 81.44% of the cumulative biogas production of the 

digestion period was reached. Despite a relatively comparable cumulative production of 

biogas over the first 42 days, it is lower than digester of type “B” throughout the 

retention period.      

 

The effect of varying the amount of inoculum concentration on reactor performance is 

shown in the above three figures. The extent of biogas production increased (by at least 

1100ml of final biogas volume) when the inoculum concentration was improved from 

10% to 15% of the working volume of the digester. However, there was a decrease (about 

500ml) in the final volume of biogas production when 20% of the working volume of the 

digester was inoculated.  

 

Inoculum concentration has been shown to be a limiting factor in anaerobic digestion of 

degradable matter in batch reactors contributing to different volumes of biogas 

production. This study achieved highest biogas production yield (0.075 m3/ kg VS 

added) in reactors inoculated with 15% of its working volume.  

 

4.1.3 Methane Production Rates 

Examination of the above three figures (Figures 8, 9 and 10); indicates that the methane 

production rate is not linear over the period of biogas production. This was further 

investigated by calculating the specific methane production rate (SMPR) for each day, 
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obtained by dividing the daily methane yield by the retention time for the specific 

methane production. 

 

From Table 5, it is possible to obtain the cumulative biogas production. Dividing the 

cumulative yield by the retention time gives the average daily biogas production. The 

fraction of methane in the biogas obtained through indirect measurement should be 

taken into account to calculate the methane production rate. A summary of the methane 

production rate for the three types of digesters is shown in Table 7 below.  

 

Table 7: Daily Biogas and Methane production rates in the three types of digesters 

  

Therefore, the daily methane production rates in digesters of type “A”, “B”, and “C” is 

63.41ml, 80.82ml and 71.67ml respectively. 

 

4.1.4 Changes in pH and temperature with digestion time 

The pH and temperature of the digester in which pH meter was dedicated was recorded 

twice a day. The measurement was taken twice a day throughout the retention time. 

Type of 

digester 

Average daily biogas 

production (ml) 

Percentage of 

methane in the biogas 

Daily methane 

production rate (ml) 

“A” 98.47±3.87 64.4% 63.41 

“B” 113.99±3.46 70.9% 80.82 

“C” 105.55±1.05 67.9% 71.67 
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Figure 11: pH versus Time of the Digester with pH meter dedicated to it 

The variation of pH over the period of digestion is shown in Figure 11 and ranged from 

3.76 to 6.78. There was no significant change in pH during the first week of digestion. 

The initial decrease in pH started to drop fast and reached minimum values after 18 

days and generally increased over the remaining period of digestion.  

 

Temperature was recorded twice a day throughout the digestion period (figure 12). It is 

one of the critical factors that need to be monitored for better performance of the digester. 

Methanogens are very sensitive to sudden thermal changes; therefore, any drastic change 

in temperature should be avoided (Gabra, 1996).  
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Figure 12: Temperature versus Time of the Digester with PH meter dedicated to it 

The fluctuation in the digester within a range of 10 hours is below 10C. This is because the 

digester is jacketed with sand that has low thermal conductivity. Temperature ranged 

from 19.50C to 25.80C throughout the retention time. Therefore, the condition is 

mesophilic because it is within the range of 20°C and 40°C (Werner Kossmann, 2000).  

 

The temperature reached to 25.80C after 22 days of digestion. This is expected because at 

this stage a drop in pH was recorded due to  quick production of  volatile fatty acids. 

After 44 days of digestion, a relatively constant temperature was observed. This is also in 

line with a relatively constant pH indicating the ceasation of the anaerobic digestion 

process. 
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4.2 Moringa stenopetala seed cake powder: A Potential source for Brewery 

Wastewater Treatment through Coagulation 

4.2.1 Characteristics of end-of-pipe effluent of St. George Brewery Industry 

Pollution prevention is the use of materials, processes or practices that reduce or 

eliminate the creation of pollutants or wastes at the source. Furthermore, it includes 

practices to reduce the use of materials, energy, water and other resources. As breweries 

and wineries are characterized by high resource consumption, pollution prevention 

within these industries can be expected to focus primarily on minimization of resource 

consumption, increasing process efficiency and environmental training of operators. 

Table 8: Characteristics of end-of-pipe effluent of St. George Brewery Industry 

Parameter Sample 1 Sample 2 Sample 3 

TSS (mg/L) 918 820 1088 

TDS (mg/L) 1320 3218 2114 

PH 7.55 8.62 7.96 

Conductivity (ms) 2.924 1.4499 1.3124 

Turbidity (FAU) 794 448 876 

NH4+ (mg/L) 37 94 68 

NO3- (mg/L) 12 3.2 8.7 

TN  (as N, mg/L) 118 138 94 

TP (as PO43-, mg/L) 44 38 76 

COD(mg/L) 5280 4800  5010 

BOD(mg/L) 660 985 570 
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The fluctuations in the wastewater characteristics (Table 8) are due to changes in what 

is happening in the plant during each period and discontinuous discharges of the 

brewery’s departments. We only considered the average percentage removal efficiency 

of the coagulant to better understand the effective dose of coagulant that can be used 

for improved treatment of the effluent. 

 

Table 9 shows the average percentage removal efficiency of the coagulant for eight 

important parameters that need to be considered in brewery wastewater treatment. 

Average percentage removal efficiency was calculated by taking the mean of the 

individual removal efficiencies of the three samples for every parameter. It is possible to 

compare the efficiency of the coagulant for the different doses and the selected 

parameters. No single dose was found to be appropriate for each and every parameter. 

But at least it is possible to recommend the relatively better dose of coagulant for an 

enhanced wastewater treatment through coagulation using Moringa stenopetala seed 

cake powder.  
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Table 9: Average Percentage Removal Efficiency of Moringa stenopetala seed cake 

powder for different parameters 

 

 

4.2.2 Average removal efficiency of Total Phosphorus and Total Nitrogen from 

Brewery wastewater 

In addition to organic compounds, brewery wastewater contains nitrogen and 

phosphorus, which can result in adverse environmental impacts due to aquatic toxicity, 

eutrophication and groundwater pollution. Nitrogen primarily comes from malt, 

adjuncts and nitric acid used for cleaning. Nitrogen concentration in the discharges 

depends on water ratio, amount of yeast discharged and cleaning agents used.  

Dose of Moringa 

stenopetala seed 

cake powder 

(mg/L) 

Average Percentage Removal Efficiency of Coagulant (%) 

TN TP COD BOD TURB TSS COND. TDS 

100 30.34 85.85 66.74 60.92 94.87 90.46 16.83 6.79 

200 34.78 86.40 76.25 54.44 92.63 90.78 17.64 8.17 

300 38.41 85.21 80.83 75.52 95.31 90 18.21 8.41 

400 36.96 89.1 84.36 80.76 94.87 91.05 21.72 11.21 

500 43.48 91.62 83.33 77.72 94.64 91.61 21.31 11.45 

600 42.03 89.3 74.17 70.23 94.64 90.73 20.63 10.71 

700 36.23 82.76 55.83 64.57 91.07 87.2 32.12 12.03 

800 31.88 87.93 60.42 59.43 93.3 85.88 31.44 11.57 

900 21.74 84.48 49.33 55.34 92.86 86.13 20.25 10.45 

1000 18.84 79.31 45.94 54.16 93.53 83.22 19.94 11.04 
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Table 10 shows the best removal efficiency for total phosphorus and total nitrogen at a 

coagulant concentration of 500mg/L. The result is also compared with the Standard set 

by the Addis Ababa Environmental Protection Authority (AAEPA).  

 

 

Table 10: Total Nitrogen and Total Phosphorus removal at 500mg/L coagulant 

concentration 

 

Parameter Type of 

sample 

Raw 

wastewater 

Treated 

wastewater 

Ethiopian 

Discharge 

Standard 

TP (mg/L) 1 44 3.61 5 

 2 38 3.59 5 

 3 60 4.5 5 

TN (mg/L) 1 118 67.17 40 

 2 138 79.27 40 

 3 94 51.88 40 
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Figure 13: Average Percentage Removal Efficiency of Total Nitrogen and Total 

Phosphorus using Moringa stenopetala seed cake powder 

The average percentage removal efficiency of the crude water extract of the seed cake 

powder was different for the ten doses prepared. However, best dose of the coagulant for 

reducing phosphorus and nitrogen from the effluent was found to be at a concentration 

of 500mg/L (5%). At this dosage the average percentage removal efficiency for 

phosphorus was 91.62%; where as 43.48% was observed for nitrogen. The average 

removal efficiency for phosphorus in all the doses was well above 79%.  A study 

conducted in treating brewery wastewater through anaerobic/anoxic/oxic process 

reported a removal efficiency of total phosphorus 97.4% (Yongzhen Peng, 2006). Similarly 

(Yong Ma, 2005) found a removal efficiency of 90.98% for total phosphorus through 

anaerobic-anoxic-aerobic process. Treatment of total phosphorus in brewery wastewater 
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through coagulation using Moringa stenopetala seed cake powder is comparable to other 

biological processes that involve microorganisms. 

 

Resource recovery is an important aspect of wastewater treatment. To achieve removal 

efficiency of 91.62% for phosphorus is considered to be significant. Phosphorus is 

becoming one of the scarce resources in the market. The purchasing price is also going 

up. This can contribute a part in substituting the use of imported inorganic fertilizers and 

improve the soil texture through organic farming. The release of phosphorus to the 

environment, especially to water bodies also brings about eutrophication. It deteriorates 

the quality of water bodies and damages aquatic life.  

 

In comparison to phosphorus, the removal efficiency for nitrogen was relatively low. At 

doses greater than 500mg/L of the coagulant, the efficiency to remove nitrogen from the 

effluent decreased. However, average removal efficiency of 43.48% recorded for nitrogen 

is also an important figure.  Although the efficiency was not as high as phosphorus, it can 

complement with other brewery treatment methods for a full range removal of total 

nitrogen. (Yongzhen Peng, 2006) reported a removal efficiency of 82.7% for total nitrogen, 

correspondingly Yong Ma et al., 2005 obtained a removal efficiency of 75.84% for total 

nitrogen through anaerobic/anoxic/oxic process. Removal efficiency of total nitrogen 

from brewery effluent using Moringa stenopetala seed cake powder through coagulation 

process is relatively lower than that obtained through biological process. This might be 

due to the lower concentration of NO3--N than NH4+-N in brewery wastewater. Positively 

charged water soluble proteins are the responsible coagulants of Moringa stenopetala seed 

cake powder. 
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Phosphorus treated with Moringa stenopetala seed cake powder from brewery effluent 

(3.61mg/L, 3.59mg/L, and 4.5mg/L) for all the three samples met the standard set by the 

Addis Ababa Environmental Protection Authority (5mg/L). Although it meets the 

standard set by the nation, compared to other standards like the European Union 

Directive 1991, still it is not complete. The union puts a limit of 1-2mg/L for phosphorus. 

 

 The treated total nitrogen from the effluent for all the three samples (67.17mg/L, 

79.27mg/L, and 51.58mg/L) were beyond the discharge limit set by the Authority 

(40mg/L). The figure is also below the level set by the European Union which is 10-

15mg/L.  

 

4.2.3 Average removal efficiency of COD and BOD from Brewery wastewater 

The brewery effluents may affect the water quality in many ways, including organic 

matter increase, and resultant increase in Biological Oxygen Demand (BOD5) and COD. 

The high organic loads in wastewater arise from dissolved carbohydrates, the alcohol 

from beer wastes, and a high content of suspended solids, e.g. spent maize, malt and 

yeast. In order to control and protect the environment, brewery effluent containing high 

concentrations of organic matter should not be discharged to watercourses.  

 

Table 11 indicates the best removal efficiency for COD and BOD obtained at a coagulant 

dose of 400mg/L. The result is also contrasted with the discharge limit set by the Addis 

Ababa Environmental Protection Authority (AAEPA).  
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Table 11: COD and BOD removal from the effluent at 500mg/L coagulant concentration 

Parameter Type of 

sample 

Raw 

wastewater 

Treated 

wastewater 

Ethiopian 

Discharge 

Standard 

COD(mg/L) 1 5280 747.12 250 

 2 4800 765.6 250 

 3 5010 842.68 250 

BOD(mg/L) 1 660 132.53 60 

 2 985 168.93 60 

 3 570 116.79 60 
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Figure 14: Average Percentage Removal Efficiency of COD and BOD using Moringa 

stenopetala seed cake powder 
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The average percentage removal efficiency for both the COD and BOD was found to be 

best at 400mg/L coagulant concentration. At this dosage the removal efficiency for both 

COD and BOD was 84.36% and 80.76%, respectively. The removal efficiency of the 

coagulant for both of the parameters is a fine achievement. However the values obtained 

for the treated COD (747.12mg/L, 765.6mg/L, and 842.68mg/L) in the three samples 

cannot be considered as final because it does not satisfy the standards of neither the 

AAEPA (250mg/L) nor does the European Union Directive 1991(125mg/L).  

 

The result for COD removal using Moringa stenopetala seed cake powder is compared to 

the work of Yongzhen Peng (2006) and Yong Ma (2005) through anaerobic-anoxic-aerobic 

process. They obtained a removal efficiency of 90% or higher. Although the coagulation is 

not as efficient as the biological process, it can be considered as a fine achievement 

because it is a primary stage in wastewater treatment. 

 

At 500mg/L, the efficiency of the coagulant was not too far from the best dosage and 

exhibited a reduction of 83.33% and 77.72% of both COD and BOD respectively. 

Therefore at 500mg/L, the second best reduction efficiency was recorded. This coagulant 

dose was also the best in reducing total phosphorus and total nitrogen from the effluent. 

 

4.2.4 Average removal efficiency of Turbidity and Total Suspended Solids from 

Brewery wastewater 

Solid waste mainly consists of organic materials from the process including spent grains 

and hops, slurry consisting of entrained wort, sludge, surplus yeast, label sludge, 

Kieselguhr, powdered carbon and broken glass. Suspended solids in the wastewater 

originate from the discharge of by-products. Turbidity represents the clarity of water. It 
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is measured by the degree to which light is blocked because the water is muddy or 

cloudy. 

  

The best removal efficiency for turbidity and TSS was found at coagulant 

concentrations of 300mg/L and 500mg/L respectively. The values are shown in the 

table below. The TSS figure is also compared with the Standard set by the AAEPA. 

Nevertheless there is no limit set by the Authority for turbidity. 

 

Table 12: Turbidity removal at 300mg/L and TSS removal at 500mg/L. 

 

 
Parameter Type of 

sample 

Raw 

wastewater 

Treated 

wastewater 

Ethiopian 

Discharge 

Standard 

Turbidity(FAU) 1 794 38.75 - 

 2 448 19.58 - 

 3 876 42.22 - 

TSS (mg/L) 1 918 72.43 50 

 2 820 70.93 50 

 3 1088 93.89 50 
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Figure 15: Average Percentage Removal Efficiency of Turbidity and Total Suspended 

Solids using Moringa stenopetala seed cake powder 

The best removal efficiency for turbidity (95.31%) was found at a dose of 300mg/L. The 

seed cake powder in all the ten doses exhibited a removal efficiency of not less than 

91%. The coagulant was highly effective in removing wastewaters with high turbidity. 

Although there is no standard set by the AAEPA for turbidity of brewery wastewater, 

the efficiency of the seed cake powder in removing turbidity was significant. At 

500mg/L, removal efficiency of 94.64% is not too far from the best dose that exhibited 

an efficiency of 95.31%.  
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For TSS, the most efficient removal (91.61%) was attained at a coagulant dose of 

500mg/L. In all the cases the coagulant exhibited TSS removal efficiency of greater than 

83%. At 500mg/L, the effluent concentration of the three samples in reducing TSS was 

found to be 72.43mg/L, 70.93mg/L and 93.89mg/L. The value does not satisfy the 

standard set by the AAEPA (50mg/L). It is also below the range set by the European 

Union Council Directive 1991 (35mg/L). 

 

4.2.5 Average removal efficiency of Conductivity and Total Dissolved Solids from 

Brewery wastewater 

Conductivity is a measure of how well water can conduct an electrical current. 

Conductivity increases with increasing amount and mobility of ions. These ions, which 

come from the breakdown of compounds, conduct electricity because they are 

negatively or positively charged when dissolved in water. Therefore conductivity is an 

indirect measure of the presence of dissolved solids such as chloride, nitrate, sulfate, 

phosphate, sodium, magnesium, calcium, and iron, and can be used as an indicator of 

water pollution.  

Table 13 gives the efficiency of the coagulant at 700mg/L to reduce the conductivity 

and TDS from the effluent. In comparison with other parameters the removal efficiency 

of the coagulant in reducing conductivity and TDS is not appreciable. The figure was 

not compared to the AAEPA standard because, there is no discharge limit set for the 

two parameters. 
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Table 13: Conductivity and TDS removal from the brewery effluent at coagulant 

concentration of 700mg/L 

Parameter Type of 

sample 

Raw 

wastewater 

Treated 

wastewater 

Conductivity(mS) 1 2.924 1.9547 

 2 1.4499 0.9970 

 3 1.3124 0.8928 

TDS (mg/L) 1 1320 1164.9 

 2 3218 2824.44 

 3 2114 1857.99 
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Figure 16: Average Percentage Removal Efficiency of Conductivity and Total 

Dissolved Solids using Moringa stenopetala seed cake powder 
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The removal efficiency of Moringa stenopetala seed cake powder in reducing 

conductivity and TDS in any of the doses was below 33% and 13%, respectively. The 

highest removal efficiency for conductivity (32.12%) and TDS (12.03%) was recorded at 

700 mg/L. The seed cake powder is less efficient in removing conductivity and TDS. 

Removal of conductivity and TDS from the effluent involves chemical process; however 

coagulation is a physical process. This may be the reason for a relatively low removal 

efficiency compared to other parameters that can be removed through coagulation. 
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4.2.6 pH Response towards Different Doses of Coagulant 

 

The response of pH of the effluent through all the doses was measured. Moringa 

stenopetala seed cake powder did not have significant effect on the pH of the effluent. 

This result was in line with the research conducted using Moringa Oleifera seeds in 

treating model turbid water. Measurements of pH, conductivity, alkalinity, cation and 

anion concentrations showed that coagulation with Moringa Oleifera seeds did not 

significantly affect the quality of the treated water (Anselme Ndabigengesere, 1997). 
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Figure 17: pH Response towards dose of Moringa stenopetala Seed coagulant 
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The pH of the effluent and the treated wastewater did not have significant difference in 

all the doses. The three samples had pH values that range from 7.85-8.96. The pH of the 

treated effluent satisfied the standard set by the Ethiopian Environmental Protection 

Authority (6-9). 

 

4.2.7 Best removal efficiency of the coagulant 

In this paper, we have considered eight parameters that are important in treatment of 

brewery effluent. The practice of removal through coagulation is a physical process. The 

crude water extract of Moringa stenopetala seed cake powder was found to be an 

effective natural coagulant in removing different constituents of brewery effluent 

through coagulation. 

 

The process of removal was conducted by preparing different doses of coagulants. The 

efficiency was measured by varying the dose of the coagulant and keeping the volume 

of the wastewater along with the duration of coagulation constant.  

 

For the purpose of comparison, we can prioritize the parameters. In brewery effluent 

total phosphorus, total nitrogen, COD and BOD are the priority parameters that need to 

be removed from the effluent. This is because their impact on the environment 

especially on receiving water bodies is huge. The first two are responsible for growth of 

algal bloom through enrichment of nutrients and hence eutrophication. The latter two 

increases the need for dissolved oxygen in water bodies and brings about depletion of 

oxygen. This in turn damages aquatic life and deteriorates the quality of the water. 

These parameters are also important because recovery of the nutrients is also an 

important aspect of wastewater treatment.  
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Total phosphorus and total nitrogen were best removed at a coagulant concentration of 

500mg/L. The best removal efficiency for COD and BOD was obtained at a dose of 

400mg/L. But the second best to remove COD and BOD was at 500mg/L. The second 

figure was not too far from the first. Therefore, 500mg/L can be recommended as the 

relatively best dose to remove total phosphorus, total nitrogen, COD and BOD. 

 

 

Turbidity removal was effective at any dose to satisfy the standard set by different 

guidelines. Though 300mg/L was efficient as compared to other doses, any coagulant 

concentration can be taken to be appropriate in removing turbidity from the effluent. 

Total suspended solids were best removed at a dose of 500mg/L. 

 

Conductivity and total dissolved solids were less efficiently removed from the effluent 

at any dose. The crude water extract of Moringa stenopetala seed cake powder seemed to 

have no significant effect on these two parameters. Since removal efficiency is less, it 

looks unreliable to comment on the best dose. pH of the effluent did not show 

significant change throughout the different doses.   

 

From the above results it is possible to suggest the effective dose. At 500mg/L, the 

different effluent constituents showed better reduction performance than at other doses. 

Therefore, the crude water extract of Moringa stenopetala seed cake powder is an 

effective coagulant to reduce brewery effluent concentration through coagulation. Some 

of the parameters were lowered to acceptable limits but in other cases were only 

reduced significantly. Two of the parameters were not efficiently removed from the 

effluent through coagulation. 
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C h a p t e r  5  

5. Conclusions and Recommendations 

5.1 Conclusions 

Energy is an indispensible item required for supporting of life. The energy sector in 

Ethiopia is one of the least developed in the world, despite the presence of considerable 

energy resources. Knowing that fossil fuels do irreversible damage to our living 

environment and knowing that within one or two generations the supply will have 

been used up, there is a need to aggressively work on renewable energy resources. 

 

Moringa stenopetala leaves, pods, and roots are edible; bees love the flowers; and seeds are 

powdered and used to purify water from muddy rivers. Its parts are actually and 

potentially useful to extract ingredients of medicinal value. It is a greatly underutilized 

and relatively unknown tree which deserves further investigations. It could play a 

much more important role in the nourishment of people and in the stabilization of the 

environment in areas with limited rainfall. 

 

Moringa stenopetala seed cake powder which is a by-product of the hexane extract of the 

seed is a potential substrate for biogas production. The metal analysis on the seed cake 

powder indicated that, the concentration of these metals is far below the inhibitory level 

for methanogens. The C/N ratio is also in the desirable range with 82% 

biodegradability. However, the total solid concentration is high. Therefore about 57% of 

water is required, which makes the application difficult in water scarce areas.  
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In all the digesters the composition of methane in the biogas was above 62%.The 

volume of biogas produced in all of the digesters ranged from 6696-7751ml. Better 

performance was observed for digesters inoculated with 15% of the working volume. 

The temperature was kept to tolerate drastic fluctuations through sand jacket. The 

fluctuation in temperature over 10 hours of interval was below 10C. The pH of an “A” 

type digester ranged from 3.76 to 6.78. The value of pH indicated an acidic condition. 

The condition should be improved by adding solutions having good buffering capacity. 

 

Environmental issues are a critical factor for today’s industry competitiveness. The 

brewing industry is one of the largest industrial users of water. The composition of 

brewing effluents can fluctuate significantly as it depends on various processes that take 

place within the brewery. 

 

Moringa stenopetala seed cake powder is an effective natural coagulant in the removal of 

different parameters from brewery effluent. More than 90% of removal efficiency from 

brewery effluent was achieved for turbidity, total phosphorus and total suspended 

solids. More than 80% removal efficiency was achieved for BOD and COD. The removal 

efficiency for total nitrogen was about 43%, lower but important since coagulation is 

primary treatment. However conductivity, total dissolved solids and pH were not 

significantly affected through the coagulation process. Removal efficiency for total 

phosphorus, turbidity and COD were comparable to other biological treatment 

processes. From the perspective of prioritization of parameters, best removal efficiency 

for brewery wastewater treatment through coagulation was obtained at 500mg/L of 

coagulant concentration. 
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5.2 Recommendations 

Based on the findings of this paper, the following recommendations are forwarded. 

♣ Awareness raising on the overall use of Moringa stenopetala should be carried out 

to those who cultivate the plant as they concentrate only on the use of the leaves 

for food consumption.  

♣  Moringa stenopetala should be introduced to highland areas. It could play a much 

more important role in the nourishment of people and in the stabilization of the 

environment in areas with limited rainfall. 

♣ On-spot oil extraction and use of Moringa stenopetala should be developed at pilot 

scale 

♣  On-spot use of Moringa stenopetala seed cake powder should be developed at pilot 

scale, especially in areas that suffer from hard drinking water. 

♣  Designing incentives and creating market to local people in order to plant and 

protect the tree until seed collection period. 

♣  Further study should be conducted on the overall  production and use of the seed 

and other parts throughout the country  

♣  Availability of water has to be considered for large scale biogas production from 

Moringa stenopetala seed cake powder. 

♣  The pH of the system should be monitored very well in biogas production from 

Moringa stenopetala seed cake powder. 

♣ Recovery of resources through coagulation using Moringa stenopetala seed cake 

powder from brewery and other effluents should be promoted. 

♣ Integrated use of the oil and the coagulant should be designed to local people. 

♣ Further research should be conducted on various uses of Moringa stenopetala seed 

cake powder apart from brewery wastewater treatment.  
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Appendix 1: Amount of Biogas produced in digesters of “A” Type 

 
 

Time (days)  Volume of Biogas (ml)

A1 A2 A3

2  420 400 360
4  825 720 680
6  1185 1185 930
8  1525 1465 1200
10  1895 1695 1470
12  2275 1978 1810
14  2485 2258 2020
16  2745 2488 2260
18  2955 2688 2480
20  3185 2913 2680
22  3315 3053 2900
24  3495 3223 3160
26  3715 3448 3370
28  3965 3658 3550
30  4205 3838 3730
32  4425 4028 3980
34  4705 4238 4205
36  4945 4463 4375
38  5165 4723 4515
40  5375 4943 4755
42  5655 5183 5025
44  5865 5413 5235
46  6085 5613 5425
48  6265 5793 5605
50  6395 5973 5785
52  6525 6123 5925
54  6645 6253 6045
56  6735 6353 6155
58  6805 6443 6245
60  6855 6513 6305
62  6895 6573 6355
64  6930 6613 6385
66  6950 6643 6415
68  6970 6673 6445
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Appendix 2: Amount of Biogas produced in digesters of “B” Type 
 

Time (days)  Volume of Biogas (ml)

B1 B2 B3

2  360 350 425
4  740 680 845
6  1060 1055 1225
8  1395 1445 1555
10  1735 1825 1925
12  2125 2125 2255
14  2465 2465 2565
16  2805 2785 2950
18  3135 3055 3220
20  3475 3295 3460
22  3825 3645 3710
24  4045 3925 3980
26  4295 4155 4260
28  4545 4455 4490
30  4835 4675 4780
32  5125 4935 5000
34  5405 5205 5270
36  5715 5495 5480
38  6065 5755 5670
40  6295 5975 5890
42  6505 6235 6120
44  6730 6475 6300
46  6930 6705 6500
48  7120 6905 6690
50  7310 7085 6850
52  7450 7245 6990
54  7580 7375 7100
56  7690 7485 7210
58  7770 7575 7300
60  7840 7645 7370
62  7890 7695 7410
64  7940 7725 7450
66  7960 7745 7480
68  7980 7765 7510
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Appendix 3: Amount of Biogas produced in digesters of “C” Type 
 

Time (days)  Volume of Biogas (ml)

C1 C2 C3
2  382 340 360
4  802 720 770
6  1162 1080 1120
8  1482 1440 1450
10  1792 1760 1840
12  2102 2060 2210
14  2402 2370 2530
16  2692 2660 2830
18  2962 2935 3150
20  3242 3245 3440
22  3492 3525 3690
24  3712 3815 3950
26  3922 4105 4190
28  4132 4375 4420
30  4352 4635 4650
32  4572 4845 4870
34  4772 5065 5080
36  4982 5295 5280
38  5172 5495 5490
40  5372 5685 5680
42  5582 5875 5880
44  5772 6060 6060
46  5962 6220 6230
48  6142 6350 6400
50  6302 6470 6560
52  6482 6570 6700
54  6657 6670 6830
56  6807 6760 6940
58  6927 6840 7040
60  7037 6910 7100
62  7117 6980 7150
64  7167 7035 7180
66  7197 7065 7200
68  7217 7095 7220
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Appendix 4: PH and Temperature record for digester of “A” Type 
 

Retention 
Time(days) 

PH Temperature (0C) 

Morning  Afternoon Morning Afternoon 
1  6.74  6.78 22.7 22.7 
2  6.71  6.75 22.6 22.7 
3  6.68  6.71 22.1 22.2 
4  6.65  6.69 22.7 22.9 
5  6.63  6.66 23.1 23.8 
6  6.61  6.63 22.7 23 
7  6.59  6.61 22.1 22.5 
8  6.55  6.58 22.3 22.9 
9  6.53  6.57 22.2 22.7 
10  6.51  6.54 22.1 22.9 
11  5.65  5.47 22.5 22.7 
12  5.57  5.43 22.9 23.1 
13  5.51  5.4 23.4 23.4 
14  5.48  5.37 23.7 24.4 
15  5.4  5.35 23.8 23.8 
16  5.38  5.31 23.9 24.1 
17  4.41  4.37 24.4 24.8 
18  4.35  4.3 24.2 24.8 
19  4.43  4.31 24.4 25.1 
20  4.57  4.33 24.7 25.2 
21  5.17  5.13 25.1 25.4 
22  4.94  4.73 25.5 25.8 
23  5.07  5 25.4 25.7 
24  5.09  5.09 25.1 25.5 
25  5.23  5.15 24.5 25.1 
26  5.29  5.17 24.7 24.9 
27  5.4  5.34 23.8 23.6 
28  4.88  4.71 23.4 23.5 
29  4.63  4.58 22.9 23.2 
30  4.65  4.61 22.2 22.9 
31  4.67  4.59 21.7 22.3 
32  4.52  4.46 21.4 21.7 
33  4.44  4.34 20.8 20.1 
34  4.32  4.28 22.3 22.6 
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PH and Temperature record for digester of “A” Type 
 
 

Retention 
Time(days) 

PH Temperature (0C) 
Morning  Afternoon Morning Afternoon 

35  4.33  4.28 21.7 22.3 
36  4.26  4.17 21.2 21.7 
37  4.12  4.1 21.9 22.4 
38  4.07  4 20.3 20.9 
39  4.01  3.97 20.1 20.7 
40  3.99  3.97 20 20.9 
41  4.05  3.99 21.4 21.9 
42  4.1  4.02 20.9 21.4 
43  4.03  3.96 19.5 20.4 
44  4.14  4.05 20.5 21.7 
45  4.29  4.13 21.3 21.8 
46  4.21  4.1 21 22.4 
47  4.17  3.96 21.7 22.4 
48  4.11  3.9 20.4 21.2 
49  4.04  3.82 20.1 20.9 
50  3.97  3.93 21.2 21.8 
51  3.91  3.84 20.2 20.4 
52  3.87  3.81 20.7 21.2 
53  3.79  3.77 20.3 20.8 
54  3.77  3.71 21.1 21.6 
55  3.76  3.73 20.2 20.7 
56  3.81  3.79 20.1 20.3 
57  3.87  3.81 20.5 20.5 
58  3.94  3.86 20.7 20.9 
59  4.11  3.9 20.4 20.7 
60  4.14  4.08 21.1 21.9 
61  4.17  4.11 21.7 22.2 
62  4.11  4.04 21.7 22.1 
63  4.07  4.01 21.5 21.9 
64  4.05  3.97 21 21.1 
65  4.05  3.89 21.3 21.5 
66  4.08  4.03 21.7 21.9 
67  4.02  3.91 21.5 21.7 
68  4.04  3.99 21.1 21.3 
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Appendix 5: Total Nitrogen Removal Efficiency in the three samples at different coagulant 
doses 

 

Appendix 6: Total Phosphorus Removal Efficiency in the three samples at different coagulant 
doses 

Dose of 
Coagulant 
(mg/L) for 
TP removal 

Sample 1  Sample 2 Sample 3  Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 
100  5.31  87.93  5.62 85.21 11.84 84.42  85.85
200  6.45  85.33  5.13 86.49 9.58 87.39  86.40
300  7.18  83.68  5.37 85.87 10.58 86.08  85.21
400  5.08  88.45  3.91 89.72 8.26 89.13  89.1
500  3.61  91.80  3.59 90.55 5.7 92.5  91.62
600  5.38  87.77  4.06 89.32 6.98 90.82  89.3
700  6.99  84.12  6.66 82.47 13.91 81.69  82.76
800  5.34  87.87  4.31 88.65 9.67 87.27  87.93
900  6.77  84.61  5.64 85.16 12.41 83.67  84.48
1000  8.36  80.99  8.08 78.74 16.57 78.2  79.31

 

Dose of 
coagulant 
(mg/L) for 
TN removal 

Sample 1  Sample 2 Sample 3  Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 
100  80.88  31.46  97.66 29.23 65.24 30.60  30.34
200  74.6  36.78  92.17 33.21 61.71 34.35  34.78
300  73.86  37.41  84.51 38.76 57.28 39.06  38.41
400  75.97  35.62  88.36 35.97 57.07 39.29  36.96
500  67.18  43.07  79.27 42.56 51.88 44.81  43.48
600  68.3  42.12  80.51 41.66 54.23 42.31  42.03
700  78.42  33.54  86.62 37.23 58.36 37.92  36.23
800  79.19  32.89  90.5 34.42 67.37 28.33  31.88
900  91.16  22.75  105.94 23.23 75.91 19.24  21.74
1000  97.43  17.43  109.27 20.82 76.83 18.27  18.84
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Appendix 7: COD Removal Efficiency in the three samples at different coagulant doses 

Dose of 
Coagulant 
(mg/L) for 

COD removal 

Sample 1  Sample 2 Sample 3  Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 
100  1689.07  68.01 2139.36 65.43 1664.32  66.78  66.74
200  1099.82  79.17 1237.92 74.21 1233.96  75.37  76.25
300  994.75  81.16 964.32 79.91 930.86  81.42  80.83
400  747.12  85.85 765.6 84.05 842.68  83.18  84.36
500  798.86  84.87 775.2 83.85 938.37  81.27  83.33
600  1479.98  71.97 1207.2 74.85 1217.93  75.69  74.17
700  2327.95  55.91 2054.4 57.20 2285.56  54.38  55.83
800  2070.29  60.79 1868.64 61.07 2034.06  59.40  60.42
900  2705.47  48.76 2485.44 48.22 2454.4  51.01  49.33
1000  2839.58  46.22 2542.08 47.04 2777.54  44.56  45.94

 

Appendix 8: BOD Removal Efficiency in the three samples at different coagulant doses 

Dose of 
Coagulant 

(mg/L) for BOD 
removal 

Sample 1  Sample 2 Sample 3  Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 
100  255.88  61.23 390.07 60.40 221.56 61.13  60.92
200  303.8  53.97 428.97 56.45 268.47 52.9  54.44
300  158.07  76.05 259.35 73.67 132.01 76.84  75.52
400  132.53  79.92 168.93 82.85 116.79 79.51  80.76
500  144.47  78.11 235.32 76.11 120.04 78.94  77.72
600  202.22  69.36 285.75 70.99 169.06 70.34  70.23
700  231.86  64.87 341.5 65.33 207.99 63.51  64.57
800  259.78  60.64 396.27 59.77 240.08 57.88  59.43
900  297.07  54.99 429.16 56.43 258.78 54.6  55.34
1000  304.46  53.87 462.85 53.01 253.08 55.6  54.16
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Appendix 9: Turbidity Removal Efficiency in the three samples at different coagulant doses 

Dose of Coagulant 
(mg/L) for 

Turbidity removal 

Sample 1  Sample 2 Sample 3  Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(FAU) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(FAU) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(FAU) 

Removal 
Efficiency 

(%) 
100  39.38  95.04 20.38 95.45 51.51  94.12  94.87
200  60.11  92.43 27.28 93.91 74.02  91.55  92.63
300  38.75  95.12 19.58 95.63 42.22  95.18  95.31
400  43.83  94.48 21.46 95.21 44.5 94.92  94.87
500  45.34  94.29 21.46 95.21 48.88  94.42  94.64
600  39.06  95.08 27.15 93.94 44.68  94.90  94.64
700  62.65  92.11 36.02 91.96 95.13  89.14  91.07
800  56.61  92.87 27.96 93.76 58.95  93.27  93.3
900  61.54  92.25 36.6 91.83 48.18  94.5  92.86
1000  52.88  93.34 24.19 94.6 64.39  92.65  93.53

 

Appendix 10: Total Suspended Solids Removal Efficiency in the three samples at different 
coagulant doses 

Dose of 
Coagulant (mg/L) 
for TSS removal 

  Sample 1 Sample 2 Sample 3 Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 
100  94.37  89.72 72.24 91.19 103.69  90.47  90.46
200  77.48  91.56 81.75 90.03 100.64  90.75  90.78
300  92.08  89.97 96.51 88.23 89.22 91.8  90
400  80.51  91.23 75.6 90.78 96.4 91.14  91.05
500  72.43  92.11 70.93 91.35 93.89 91.37  91.61
600  94.0  89.76 79.7 90.28 85.41 92.15  90.73
700  117.41  87.21 94.87 88.43 152.76  85.96  87.2
800  138.71  84.89 110.29 86.55 150.14  86.2  85.88
900  129.16  85.93 109.31 86.67 154.6 85.79  86.13
1000  150.92  83.56 153.18 81.32 165.59  84.78  83.22
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Appendix 11: Conductivity Removal Efficiency in the three samples at different coagulant doses 

Dose of 
Coagulant (mg/L) 
for Conductivity 

removal 

  Sample 1 Sample 2 Sample 3 Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(ms) 

Removal 
Efficiency 

(%) 

Treated 
wastewater

(ms) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(ms) 

Removal 
Efficiency 

(%) 
100  2.4582  15.93 1.2065 16.79 1.0792  17.77  16.83
200  2.407  17.68 1.2018 17.11 1.0745  18.13  17.64
300  2.388  18.33 1.1996 17.26 1.0625  19.04  18.21
400  2.3135  20.88 1.1205 22.72 1.0294  21.56  21.72
500  2.2655  22.52 1.1276 22.23 1.0607  19.18  21.31
600  2.3585  19.34 1.1347 21.74 1.0393  20.81  20.63
700  1.9547  33.15 0.997 31.24 0.8928  31.97  32.12
800  1.9866  32.06 1.0051 30.68 0.8979  31.58  31.44
900  2.3439  19.84 1.1533 20.46 1.044 20.45  20.25
1000  2.317  20.76 1.1637 19.74 1.0588  19.32  19.94

 
 

 
Appendix 12: Total Dissolved Solids Removal Efficiency in the three Samples at different 

Coagulant doses 

Dose of 
Coagulant 
(mg/L) for 

TDS removal 

Sample 1  Sample 2 Sample 3  Average 
Percentage 
Removal 
Efficiency 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 

Treated 
wastewater 

(mg/L) 

Removal 
Efficiency 

(%) 
100  1223.38  7.32 2994.67 6.94 1984.83  6.11  6.79
200  1201.07  9.01 2979.55 7.41 1942.98  8.09  8.17
300  1207.14  8.55 2989.52 7.10 1911.48  9.58  8.41
400  1175.06  10.98 2856.94 11.22 1872.37  11.43  11.21
500  1172.69  11.16 2848.9 11.47 1866.24  11.72  11.45
600  1168.99  11.44 2900.38 9.87 1885.27  10.82  10.71
700  1164.9  11.75 2824.44 12.23 1857.99  12.11  12.03
800  1167.8  11.53 2850.5 11.42 1865.39  11.76  11.57
900  1189.85  9.86 2892.66 10.11 1873.43  11.38  10.45
1000  1165.96  11.67 2869.49 10.83 1889.49  10.62  11.04
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