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ABSRACT 
Production of methane reach biogas through anaerobic digestion of organic 

material provides versatile carrier of renewable energy, as methane can be 

used in replacement for fossil fuels. Thus contributing to cutting down the 

emission of green house gasses and slowing down the climate change. 

This calls for widening the scope of the technology by tapping organic 

material like plant waste, industrial waste, and floriculture residues. 

Floriculture farms produce huge amount of residues and this can be used 

as feedstock for biogas production. In this study floriculture residue were 

characterized for their physical properties such as total solid, volatile solid, 

heavy metal concentration and the biogas potential was assessed in six 

different treatments with a cow dung  The heavy metal concentration in 

the floriculture residue is below the standard for biogas and it can be used 

as a feedstock for biogas production.  On the batch experiments of eight 

week digestion, the combination of floriculture residue and cow dung in the 

ratio 2:1 produced the maximum biogas of 14,127±155 ml in 52 days, 

followed by floriculture residue and cow dung in the ratio 1:1 11,776 ±164 

ml in 51 days, the combination floriculture residue and cow dung in the 

ratio 3:1 as 8,461 ± 129ml 53 days, and the least with cow dung as 4,428 

± 57 ml in 43 days. The floriculture residue (flower only) produced the least 

amount of biogas 345 ± 8.36 ml for 19 days. 

 

Key words:    Anaerobic digestion, biogas, floriculture residues, physical         

                 Properties, heavy metal concentration. 
 
 
 
 
 



Potential of Floriculture Residue for Biogas Production 
 

 
Tamrat Asnake tamex70@gmail.com 
Environmental science program 

1

 
CHAPTER ONE 

1 INTRODUCTION  
1.1 Background and justification  
Most of the developing countries are suffering from what many call the 

energy crisis, which is characterized by depletion of locally available 

energy resources and dependence on imported fuel. In fact, the energy 

crisis is believed to be the second most serious problem in these 

countries next only to the food crisis. What is more, the energy crisis is 

exacerbating the food crisis by increasing the rate of deforestation and 

thereby causing degradation of farmlands. Furthermore, dependence on 

imported fuel is weakening the capacity of the concerned countries to 

buy food whenever the need arises.  

 

All these situations apply to Ethiopia. Traditional fuels contributed 

99.9% of the rural energy consumption, with fuel wood being by far the 

most important source (81.8%), followed by dung (9.4%), crop residues 

(8.4%) and small amount of charcoal [1]wood, agricultural residues, 

animal waste and human wastes are considered as major biomass 

resources. The total energy that can be derived annually from these 

resources is estimated to be about 101,656.77 Tcal. Out of this, the 

share of the woody biomass is estimated to be 79%, followed by animal 

waste 11%, crop residue 8% and human waste 2 % [1]  

 

 Fuel wood and tree residues provide the only means of energy to the vast 

majority of the rural population located in areas remote from modern fuel 

supplies. The efficiency of fuel wood and twigs as a source of light, when 

compared to other sources of energy, is weak. The contribution of dung 

and crop residues for the total energy consumption of rural households 

is around 18% of the total rural energy consumption. The total dung that 
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can be produced annually from the current livestock and poultry 

population is about 28 million tonnes. From this, about 111,284 Tcal of 

energy can be derived annually.  Studies also indicate that from current 

population level of the country, 7,048,500 tonnes of human waste can be 

produced annually. In energy terms, this is equivalent to about 28,180 

Tcal per year [2]  

 

Floriculture industry is a new agro - industry activity in Ethiopia. This 

industry has been expanding for the last five years in the country. The 

expansion and growth of the industry magnified the economic 

significance of the sector, but the social and environmental implication of 

the sector was not given due attention even though the sector was still 

blamed for some of its social and environmental shortcoming world wide. 

like many other developing countries, Ethiopia is attempting to diversify 

its export base with a view to gaining new sources of income and foreign 

exchange and thus reducing its exposure to price volatility that typify 

international markets.[8] Besides, the country is benefiting from this 

development through creating employment opportunity for unemployed 

citizens.  

 

Because of these reasons, in the last five years, the floriculture industry 

in Ethiopia has become fast growing export business. As a result of due 

attention given by the government to this sector and the unparalleled 

advantages that Ethiopia has in this sector compared to any other 

producers, a substantial number of investors have started investing in 

the country. [3] Investors are attracted by an improved investment code, 

a five year tax holiday, duty-free import of machinery, and easy access to 

bank loans and land acquisition. In addition to the above incentives the 

favorable agro-ecological condition of the country, the abundant cheep 

and easily trained labor, proximity to EU and Middle East markets 

encourages so many foreign and local investor to invest in Ethiopia.  
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According to EHPEA [3] the expansion of the horticulture sector and 

floriculture in particular in Ethiopia in the last three years has been 

phenomenal. There are: 66 export farms, 600 hectares of greenhouses, 

150 hectares of land covered by open field flowers, 70 hectares by 

cuttings, 75 hectares by herbs and 600 hectares by vegetables and fruits. 

These generate valuable foreign exchange earnings for the country, in 

excess of US $60 million in 2006-07 and have created employment for 

more than 30,000 people (Fig 1.). Although a few companies started their 

businesses about 10 years ago, it has only been during the last 4 years 

that the floriculture industry in Ethiopia has started to prosper. 

 

The acreage of flori-farm in Ethiopia is assumed to reach 900ha though 

the accurate figure is not available. Given that the pace of growth of the 

industry continues as it is now, the acreage is projected to reach to 1,250 

-1,500ha at the end of 2007 and up to 3,000 in 2012. 

Figure 1 Export Value in USD for Five Years (2003-2007) 
  

Production of methane reach biogas through anaerobic digestion of 

organic material provides versatile carrier of renewable energy, as 

methane can be used in replacement for fossil fuels. This calls for 

widening the scope of the technology by tapping organic material like 

plant waste and industrial waste floriculture farms produce huge 

amount of residues and this can be used as feedstock for biogas 

production. 
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1.2 Statement of the Problem 
 

Fossil fuels are finite resource and unevenly distributed with high 

price and negative impact on environment. It is important to look for 

alternative source of energy like renewable source of energy such as 

biomass benefits to diversify the energy source and reduce improper 

waste disposal that affect the environment. 

Despite the fact that huge socio-economic advantages and considerable 

incentives are given, in Ethiopia, the internationally known social and 

environmental disadvantages of the sector are vague. According to Frank 

and Cruz [4] even if the floriculture industry is taken as a solution for 

economic development and gained in the generation of employment 

during the last 30 years in developing countries, it is with tremendous 

social and environmental cost. According to Babara et,al. [5]  as reported 

in recent years, the global flower industry has received some negative 

publicity because labor unions, environmental activists and other NGOs 

have raised a number of issues linked to conditions of production on 

developing country flower farms.  

There is little or no research work done about the environmental and 

social impacts of the sector while the floriculture industry is blooming in 

the country. Thus, this study tries to address the dual prospect of using 

floriculture residue for biogas production contributing and waste 

management. 

1.3 Objectives of the Study 

1.3.1 General objective  

The main objective of this study is to assess the potential of floriculture 

residue for biogas production. 
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1.3.2 Specific objective 

The specific objectives of this study are:  

 To estimate the amount of residue generated 

 To characterize the waste generated from floriculture residue           

(characterization of feedstock) in terms of their TS and VS. 

 To find out the biogas production potential from different 

combination of floriculture residue. 

 To characterize the floriculture residue using the heavy metal 

analysis. 

 To assess the quality of biogas qualitatively.                                               
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CHAPTER TWO        

2 LITERATURE REVIEW 

2.1 Floriculture Development in Ethiopia  
 

In recent decades, the global demand for cut flowers has grown 

considerably. This growth in market demands and its diversification 

value has attracted increasing numbers of developing countries to the 

global fresh flower trade. [6]  

 

Though floriculture development in Ethiopia has been blooming in recent 

years, it started for commercial purpose since 1980/81. The country had 

established its floriculture sector development corporations to produce 

regulatory and market of its horticultural products [7]  

 

It showed modest increase in 1990s by 2-3 % of the agricultural out put 

of the country. In 2001 it contributed to $ 4.7 million to the country’s 

foreign currency earnings. It is not yet significant to develop the 

country’s economy. In five years time it is projected that the total export 

earnings would  increased at least five times that figure [8]  

Because of the current government of Ethiopia gave more attention for 

favorable investment condition and a more enabling atmosphere for 

private sector development the floriculture sector started to grow 

incredibly for the last few years. 

  

The first private floriculture producer started around 1997, a second in 

1999. From 2001 onwards, other growers started coming in and 

according to Trade and Industry floriculture industries under production 

reached 65 in the year 2006 [8]. 
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 According to Ministry of Trade and Industry totally in the Horticulture 

sector, most of them are floriculture investors there are 235 licensed 

projects with an aggregate capital of 7.5 Billion Eth. birr, out of which 

171 foreign investors owned projects with capital of 5.3 Billion Eth. birr 

and 64 local investors owned projects with aggregate capital of 2 Billion 

Eth. Birr [8]. 

 

The high level support has attracted more and more investors and the 

comparative advantage the country has enabled the sector to grow 

dramatically (Table 1).  In 2006 Ethiopia was the second largest exporter 

of large roses to the Dutch auctions (after Kenya) and the third largest 

supplier for small roses (after Kenya and Uganda) [8] 
Table 1 Major Statistics Floriculture Development in Ethiopia 
 
Year Number of 

Farms 

Cultivated 

Area(ha) 

Number of 

Export stems 

Export value 

(USS) 

2001/02    305,000 

2002/03   16,000,000 2,900,000 

2003/04   32,000,000 5,500,000 

2004/05 30 150 83,000,000 12,700,000 

2005/06 69 345 186,000,000 26,900,000 

2006/07 80 645 1,114,000,000 113,000,000 

 

Source: Ministry of Trade & Industry (Oct 2006) 

 

The Government of Ethiopia formulated a comprehensive development 

strategy for the period 2005/06 – 2009/10 called ‘Plan for Accelerated 

and Sustained Development to End Poverty’ (PASDEP) to attain the 

Millennium Development Goals (MDGs) by 2015. Under the PASDEP it 

set program target to intensify the flower production in areas with 

altitude between 1,600 – 2,600 meters above sea-level. Accordingly out of 
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the total of 2,031 ha of land leased to investors, the land covered by 

greenhouses is expected to reach 1,600 ha; an additional 400 ha of land 

will be put under green house shelter. The area under flower production 

(roses, cuttings, summer flowers) would thus increase from 519 ha in 

2005/06 to 2,000 ha in 2009/10. In terms of employment generation the 

policy and objective is to increase the number of employees from well 

over 21,000 in 2005 (64.4% female workers) to a total of 70,000 in 

2009/10 [8]  

  

The recently initiated flower production areas are mainly around Addis 

Ababa, Upper Awash valley and Lake Ziway.  Addis Ababa, the capital, 

with its altitude elevated about 2000 meters is suitable for production of 

high quality roses. Besides facilities like roads, power, 

telecommunication and water have been availed floriculture investors. 

Most of foreign and domestic investors on flower production have started 

their production on this area. In addition the Ethiopian highlands 

provide “Near Ideal” growing condition for roses. In the Upper Awash 

Valley with an altitude spanning from the range of 1200 to 1400 meters 

the farms are located along the length of the River Awash with in 149 – 

220 km away from the capital. Lake Ziway which is located in the 

southern region of the country (165 km from Addis Ababa) the farms 

situated between Lake Ziway and the main highway with altitude ranges 

between1600–1700m above sea level [9].  

 

Among the resources which make Ethiopia favorable for floriculture 

development is water and irrigable land resources which the country has.  

Ethiopia has 122 billion cubic meter surface water, 2.6 billion cubic 

meter ground water, 12 river basins, 18 natural lakes including the rift 

valley lakes and a potential of 3.7 million hectares irrigable land [10 ] 

About 80 – 90 percent of these resources are located in the west and 

south west of the country where close to 40 percent of the Ethiopian 
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population lives and 10 – 20 percent of these resources are located in the 

east and central part where most of the population has settled. But the 

above principal production sites are located within the low resource 

available and highly populated areas [9]. Most of the Floriculture farms 

are largely confined around the vicinity of Addis Ababa. Most farms are 

located in West Shewa particularly located in Holleta, Sebeta and Addis 

Alem while the rest are more or less evenly distributed in the Rift Valley 

and the Awash River Basin systems [11]  

 

The fact of the matter is that Ethiopia is still in the beginning stages of 

floriculture industry and there are a number of challenges that must be 

resolved to continue the development of the sector with the present rapid 

speed. Among the challenges include social and environmental impacts 

of the sector which can create pressure on the sustainability and market 

acceptability of flower industries.  

 

EHPEA currently took the initiative of developing a Code of Conduct for 

the Ethiopian export horticulture with support from the Dutch 

partnership program. This is very timely and relevant. Having a certified 

code of conduct is often seen as a way to lower transaction costs and 

improve market access and customer loyalty. Exporting countries with 

no code of conduct have a rather low level of export growth. In addition 

the first groups of Ethiopian growers are in the process of obtaining 

MPS-certification. A Code of Conduct for the export horticultural sector is 

very important to secure market access for the sector in general. The 

certification for quality standards such as MPS will be beneficial, 

particularly at the individual company level. It contributes to the 

improved reputation of the suppliers and as such lead to greater 

customer loyalty [8].  
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Many agricultural and industrial wastes are ideal candidates for 

anaerobic digestion because they contain high levels of easily 

biodegradable materials. Problems such as low methane yield and 

process instability are often encountered in anaerobic digestion, 

preventing this technique from being widely applied biogas as an 

alternative energy source 

2.2 Biochemical Reactions 
Anaerobic digestion (AD) is a series of chemical reactions during which 

organic material is decomposed through the metabolic pathways of 

naturally occurring microorganisms in an oxygen-depleted environment. 

Anaerobic digestion can be used to process any carbon-containing 

material, including food, paper, sewage, yard trimmings and solid waste, 

with varying degrees of degradation. 

 

 The Organic Fraction of Municipal Solid Waste (OFMSW), for example, is 

a complex substrate that requires an intricate series of metabolic 

reactions to be degraded. This section describes these reactions detailing 

the intermediary products produced and the bacteria involved. 

  

The full process can be considered to occur in four stages as illustrated 

in Figure 1: hydrolysis, in which complex molecules are broken down to 

constituent monomers; acidogenesis, in which acids are formed; 

acetogenesis, or the production of acetate; and methanogenesis, the 

stage in which methane is produced from either acetate or hydrogen. 

 

Digestion is not complete until the substrate has undergone all of these 

stages, each of which has a physiologically unique bacteria population 

responsible that requires disparate environmental conditions. 
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Figure 2 The Four Processes of Anaerobic Digestion Hydrolysis 
 
In the first stage, complex organic materials are broken down into their 

constituent parts in a process known as hydrolysis. The result is soluble 

monomers, Proteins are converted to amino acids; fats to fatty acids, 

glycerol and triglycerides; complex carbohydrates such as 

polysaccharides, cellulose, lignin, starch and fiber converted to simple 

sugars, such as glucose. Hydrolic or fermentive bacteria are responsible 

for the creation of monomers, which are then available to the next group 

of bacteria. Hydrolysis is catalyzed by enzymes excreted from the 

bacteria, such as cellulase, protease, and lipase. If the feedstock is 

complex, the hydrolytic phase is relatively slow. This is especially true for 

raw cellulolytic waste, which contains lignin[ 12].For this reason, woody 

feedstock for the AD process. Carbohydrates, on the other hand, are 
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known to be more rapidly converted via hydrolysis to simple sugars and 

subsequently fermented to volatile fatty acids [13]. 

An approximate chemical formula for the mixture of organic waste is 

C6H10O4 [14]. Hydrolysis reaction where organic waste is broken down 

into a simple sugar, in this case glucose can be represented by the 

following: 

C6H10O4 + 2H2O ↔ C6H12O6 + 2H2 (1) 

2.2.1  Acidogenesis 
Hydrolysis is immediately followed by the acid-forming phase of 

acidogenesis. In this process, acidogenic bacteria turn the products of 

hydrolysis into simple organic compounds, mostly short chain (volatile) 

acids (e.g., propionic, formic, lactic, butyric, or succinic acids), ketones 

(e.g., ethanol, methanol, glycerol, acetone) and alcohols. The specific 

concentrations of products formed in this stage vary with the type of 

bacteria as well as with culture conditions, such as temperature and pH 

[12] Typical reactions in the acid-forming stages are shown below. In 

equation 2, glucose is converted to ethanol and equation 3 shows glucose 

is transformed to propionate. 

C6H12O6 ↔2 CH3CH2OH + 2CO2 (2) 

C6H12O6 + 2H2 ↔ 2CH3CH2COOH + 2 H2O (3) 

2.2.2 Acetogenesis 
The next stage of acetogenesis is often considered with acidoenesis to be 

part of a single acid forming stage. Biological oxygen demand (BOD) and 

chemical oxygen demand (COD) are reduced through these pathways. 

Acetagenesis occurs through carbohydrate fermentation, through which 

acetate is the main product, and other metabolic processes. The result is 

a combination of acetate, CO2, and H2. The role of hydrogen as an 

intermediary is of critical importance to AD reactions. Long chain fatty 

acids, formed from the hydrolysis of lipids, are oxidized to acetate or 

propionate and hydrogen gas is formed. Under standard conditions, the 



Potential of Floriculture Residue for Biogas Production 
 

 
Tamrat Asnake tamex70@gmail.com 
Environmental science program 

13

presence of hydrogen in the solution inhibits the oxidation. The reaction 

only proceeds if the hydrogen partial pressure is low enough to 

thermodynamically allow the conversion. The presence of hydrogen 

scavenging bacteria (HMBs) that consume hydrogen, thus lowering the 

partial pressure, is necessary to ensure thermodynamic feasibility and 

thus the conversion of all the acids. As a result, the concentration of 

hydrogen, measured by partial pressure, is an indicator of the health of a 

digester [13]. 

As an example, the free energy value of the reaction that converts 

propionate to acetate, shown in equation 4 below, is +76.1 kJ, so that 

this reaction is thermodynamically impractical. When acetate and 

hydrogen are consumed by bacteria, however, the free energy becomes 

negative. In general, for reactions producing H2, it is necessary for 

hydrogen to have a low partial pressure for the reaction to proceed. 

 

CH3CH2COO- + 3H2O ↔ CH3COO- + H+ + HCO3- + 3H2 (4) 

 

Other important reactions in the acetogenic stage involve the conversion 

of glucose (5), ethanol (6) and bicarbonate (7) to acetate. 

 

C6H12O6 + 2H2O ↔ 2CH3COOH + 2 CO2 + 4H2 (5) 

CH3CH2OH + 2H2O ↔ CH3COO- + 2H2 +H+ (6) 

2HCO3- + 4H2+ H+ ↔ CH3COO- + 4H2O (7) 

 

The transition of the substrate from organic material to organic acids in 

the acid forming stages causes the pH of the system to drop. This is 

beneficial for the acidogenic and acetagenic bacteria that prefer a slightly 

acidic environment, with a pH of 4.5 to 5.5, and are less sensitive to 

changes in the incoming feed stream, but is problematic for the bacteria 

involved in the next stage of methanogenesis [15] 
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2.2.3  Methanogenesis 
The methanogenic anaerobic bacteria involved in the third stage, known 

as methanogenesis or methane fermentation, are the same fastidious 

bacteria that occur naturally in deep sediments or in the rumen of 

herbivores. This population converts the soluble matter into methane, 

about two thirds of which is derived from acetate conversion (equation 8 

followed by 9), or the fermentation of an alcohol, such as methyl alcohol 

(10), and one third is the result of carbon dioxide reduction by hydrogen 

(11). 

 

2 CH3CH3OH+ CO2 ↔ 2 CH3 COOH + CH4 (8) 

CH3COOH ↔ CH4 + CO2 (9) 

CH3OH + H2 ↔CH4 + H2O (10) 

CO2 + 4H2 ↔CH4 + 2H2O (11) 

 

Methanogens are very sensitive to changes and prefer a neutral to 

slightly alkaline environment [15]. If the pH is allowed to fall below 6, 

methanogenic bacteria cannot survive. Methanogenesis is the rate-

controlling portion of the process because methanogens have a much 

slower growth rate than acidogens. Therefore, the kinetics of the entire 

process can be described by the kinetics of methanogenesis [16] 

 

CH3COO- + SO4 2- + H+ ↔ 2HCO3 + H2S (12) 

CH3COO- + NO- + H2O + H+ ↔ 2HCO3- + NH4+ (13) 

 

Although AD can be considered to take place in these four stages, all 

processes occur simultaneously and synergistically, in as much as the 

first group has to perform its metabolic action before the next can take 

over, and so forth. 
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2.3  Plant and agricultural wastes for biogas production 
 

Arokiasamy [17] stated that most of the vegetable wastes, weeds, algae, 

poultry, sheep and fish wastes, carcasses etc., could be digested in 

biogas plants. 

 

Carlos [18] reported that solid wastes like fibers, feed, wood products, 

bagasse, stalks, and skins could serve as potential agent in the 

generation of energy. Raw plant material is bound up in plant cells with 

cellulose and lignin, which are difficult to digest. Raw vegetables usually 

need some form of physical or chemical treatment before use. A good 

idea is to compost vegetable matter for a few days before adding it to the 

digester. Plants with little lignin such as water hyacinth or duckweed can 

also give quite high gas yields [19].  Gas production and composition is 

according to the feedstock of material that is fed to the biodigester. 

 

Mishra [20] discussed about the composition and quantity of gas 

production by potato slices, gur, maize seed, filter paper, sugar cane 

bagasse, saw dust, groundnut seed, peptone, blood meal, ground shell, 

gram pulse, sun hemp, daincha and bullock dung in the anaerobic 

digestion. The decomposition occurred more in groundnut shell and 

gram pulse and showed 37 % and 56 % loss of dry matter, respectively 

with 80.5 and 80.6 % methane content respectively. 

 

Konol et.al [21] had observed that apple wastes, asparagus, carrots, 

green peas, French beans, spinach, and straw berries from caning 

industry had been shown to produce gas on anaerobic digestion. Singh 

[22] stated that substituting a portion of vegetable wastes up to 50 per 

cent of the dry weight of the mixture with cow dung would give more 

amount of gas. He reported that increased gas production was noticed 

when poultry excreta was added along with cow dung. 
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Shivappa et,al [23] studied different plant wastes like soybean wastes, 

sunflower wastes, and banana trashes. Up to 4th month, the total gas 

production from 1:1 and 1:3 proportions of soybean and cattle dung was 

more than that of cattle dung alone. During 5th month, the gas 

production decreased considerably when compared to cattle dung. 

 

Similot [24] suggested that addition of water hyacinth to the cattle dung 

increased the gas production by 20 to 30 percent over control. Addition 

of water hyacinth to the cattle dung, gave a maximum gas production of 

265.2l per kg in 75 days when compared to wheat straw (107.4 l), ground 

shell (202.4 l) and paddy straw (217.02 l) per kg in 75 days [25]. 

 

Prabhu [26] reported that the rate of gas production was greater and gas 

evolution started earlier when water hyacinth supplemented cattle 

manure in biomethanation. 

 

 Kamaraja [27] conducted experiments in five-liter capacity digesters to 

study the effect of incorporation of various agricultural waste of chopped 

maize cob, cotton stalk, paper pulp, parthenium weed and calortropis 

weed along with cow dung. They had reported that the incorporation of 

parthenium weed along with cow dung gave the maximum gas 

production of 1756 cc/day. 

 

 Jerger and Chynoweth [28] studied the anaerobic digestion of different 

cultivars of sorghum biomass and reported that the methane yield was 

obtained from 0.27 to 0.36 liters/g VS added. 

 

 Nallathambi [29 ] studied anaerobic digestion of gliricidia leaves. He 

observed that the anaerobically digested slurry of the gliricidia leaves is 

better in quality than the fresh gliricidia leaves as organic manure. 
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 El-Shinnawi [30] studied the anaerobic digestion of maize stalks, rice 

straw, cotton stalks, and water hyacinth each enriched with partially 

digested cattle dung. They observed that the cumulative biogas yield of 

maize stalks, rice straw, cotton stalks and water hyacinth were 64.75, 

52.86, 40.92 and 41.69 liters per 2.5 liters of fermented material, 

respectively. 

 

Jain [31] reported that the aquatic and terrestrial weeds are suitable for 

biogas production. They observed that the water hyacinth showed 

promise and gave a biogas yield of about 240 l/kg dry weight substrate 

followed by water velvet (189 l/kg) and duck weed (176 l/kg).The spent 

slurry was also as a source of organic fertilizer. 

 

Prema [32] studied the anaerobic digestion of fruit and vegetable 

processing waste and reported that the wastes such as mango, 

pineapple, orange, banana, jack fruit and tomato can be used as 

feedstock for biogas production by using them in succession for short 

periods of time (5 days) without any supplementation with nitrogen 

under mesophilic conditions. They also observed that the average yield of 

0.5 to 0.6 m3 of biogas per kg volatile solid added was recorded with a 

methane content of 51-53 %. 

2.4  Effect of total and volatile solid on gas production 
 

Ghose [33] reported that due to the presence of digestible volatile solids 

in the plant wastes when added with cow dung and subjected to 

anaerobic digestion led to more methane content. Anand [34] carried out 

experiments on solid phase fermentation of leaf biomass to biogas. They 

reported that the decomposition of the leaf biomass and water hyacinth 

substrates used was rapid, taking 45 and 30 days for the production of 

250 and 235L biogas per kg total solids (TS) respectively. 
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Fulford [35] reported that the composition of typical animals and human 

wastes consists of 15-48 percent of TS and VS is 77-90 percent of TS. 

For cow dung, the TS are in the range of 15-20 percent, and the VS as 

percent of TS is 77. Nallathambi [36] studied the biogas production 

potential of parthenium in batch digester. They observed that the 

maximum gas production was 35 liters per kg fresh plant at a TS 

concentration of 5 % and the methane content of the biogas was 75 %. 

 

Cusin [37] conducted an experiment on anaerobic digestion of cassava 

peel they observed that the composition of cassava peel was 25-35 % TS, 

VS was 90-97 % of TS. Periasamy [38] conducted experiments on 

anaerobic digestion of cassava wastes (stem, leaves, peel, and effluents). 

He reported that the composition of these wastes was 7-37 % of TS, VS 

was 83-91 %. 

 

 Steffen [39] reported that the composition of garden wastes, fruit wastes, 

food remain and typical animal’s wastes consists of 5-70 percent of TS 

and VS is 70-90 % of TS. For cow dung, the VS as % of TS are in the 

range 75-80 %. 

 

Hills [40] carried out laboratory studies to assess the feasibility of 

converting solid waste into methane gas via conventional mesophilic 

digestion they got the ultimate yield as 0.15 liter/g of VS added. 

 

Nallathambi [29] Studied the anaerobic digestion of gliricidia leaves in 3-

liter batch digesters at temperature (32 + 3ºC). He reported that the gas 

yield of gliricidia leaves was 165-180 ml CH4 g-1 VS added and a VS 

reduction of 37-39 %. 
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2.5  Factors influencing gas production 

2.5.1 Temperature 
 

Temperature inside the digester has a major effect on the biogas 

production process. There are different temperature ranges during which 

anaerobic fermentation can be carried out: psychrophilic (<30 _C), 

mesophilic (30–40 _C) and thermophilic (50–60 _C).However, anaerobes 

are most active in the mesophilic and thermophilic temperature range 

[41] the length of fermentation period is dependent on temperature. 

 

Garba [42] observed that methanogens were very sensitive to sudden 

thermal changes, therefore, any drastic change in temperature should be 

Nozhevnikova [43] proposed a two step anaerobic treatment of cattle 

dung i.e. (i) acidogenic fermentation at high temperature (55–82 _C), and 

(ii) separation of solid and liquid fractions and treating the liquid manure 

under low temperature conditions (5–20 _C).Long term adaptation of 

active psychrophilic microbial communities was found to be essential for 

efficient treatment of cattle dung at low temperature [43,44]Recently a 

review paper on biomethanation under psychrophilic conditions has been 

published [45]. 

 

2.5.2  C: N ratio 
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. Thus to 

meet this requirement; microbes need a 20–30:1 ratio of C to N with the 

largest percentage of the carbon being readily degradable [46,47]. 
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Waste material that is low in C can be combined with materials high in N 

to attain desired C: N ratio of 30:1 [48,49,50,51].Some studies also 

suggested that C:N ratio varies with temperature. According to study 

conducted by [52] biogas production from 0.5 kg of cow dung was almost 

doubled from 17.2 to 31.5 l by addition of 200 ml of urine. Use of urine 

soaked waste materials is particularly advantageous during winter 

months when gas production is otherwise low. 

2.5.3  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. For an 

anaerobic fermentation to proceed normally, concentration of volatile 

fatty acids, acetic acid in particular should be below 2000 mg/l. [31] 

found that above pH 5.0, the efficiency of CH4 production was more than 

75%. 

2.5.4 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. Pretreatment could be done in any 

of the following ways: 

 (i)  Pretreating the feedstock with alkali or acid. 

 (ii) Predigestion of fresh substrate. 

(iii) Thermo chemical pretreatment. 

(iv)  Ultrasonic pretreatment. 

(v) Ensilage of feed. 
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Dar [53] observed an improvement of 31–42% in microbial digestibility 

and an almost twofold increase in biogas when alkali treated (1% NaOH 

for 7 days) plant residues were used as a supplement to cattle dung. 

 

Predigestion of fresh cattle slurry in a batch system for 1–2 days at 30–

35 _C increased acetate production and the use of this slurry as a feed 

material for anaerobic digesters increased biogas production by 17– 19% 

and CH4 content from 68–75% to 75–86% [54] found that thermo 

chemical pretreatment of water hyacinth improved biomethanation and 

the best results were obtained when water hyacinth was treated at PH 

11.0 and at 121 _C. 

 

Ultrasonic pretreatment of waste activated sludge for 30 min resulted in 

a 64% increase in methane production [55].Ensilage of mango peel for 6 

months helped in the pretreatment of polymeric constituents and 

conversion of major components of carbohydrates into volatile fatty 

acids. It produced 58% more gas as compared to control [56]. 

 

2.5.5  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 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. 

[Error! Bookmark not defined.] found that out of five particle sizes 

(0.088, 0.40, 1.0, 6.0 and 30.0 mm), maximum quantity of biogas was 
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produced from raw materials of 0.088 and 0.40 mm particle size. Large 

particles could be used for succulent materials such as leaves. 

 

However, for other materials such as straws, large particles could 

decrease the gas production. The results suggested that a physical 

pretreatment such as grinding could significantly reduce the volume of 

digester required, without decreasing biogas production [57,44,58]. 

2.6  Percentage of methane in biogas 
 

Yadava [59] reported that biogas is the mixture of gas mainly composed 

of 50 to 70 percent methane, 30 to 40 percent carbon dioxide (CO2) and 

low amount of other gases like water vapor, hydrogen sulfide, hydrogen, 

and nitrogen. 

 

Marchaim [60] reported that typical values for methane content are in 

the range 50 to 60% CH4 for animal manure and up to 75% CH4 for 

feedstock containing fats. The proportion of CH4 to CO2 in the gas 

depends on the substrate and is slightly affected by temperature, pH and 

pressure. 

 

Kugelman [61] had shown that direct conversion of acetate to methane 

and carbon-di-oxide pathway contributed between 60 and 70 percent of 

the total methane produced, with the remaining 30 to 40 percent 

methane being produced by the reduction of carbon-di-oxide with the 

hydrogen. 

 

Wong-chong [62] reported the variations of methane concentration 

between 60 percent and 65 percent. Barnett [48] Stated anaerobic 

digestion of cow dung, chicken manure, pig manure, farm wastes, 
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sewage sludge and elephant grass produced gas that contained 65, 60, 

65 to 70, 60 to 70, 68, and 60 per cent of methane, respectively. 

 

Neelakantan [63] studied the anaerobic digestion of plant materials viz., 

berseem, oat, dhub grass, paddy straw, hybrid napier with and without 

2.5 percent nitrogen as ammonium sulphate. The biogas produced 

comprised of 58 percent methane, 28 percent carbon-di-oxide and 14 

percent of carbon monoxide, oxygen, nitrogen, and hydrogen. 

 

Water hyacinth and cow dung were mixed in the ratio of 3:2 and the gas 

produced was found to contain 25 to 32 percent carbon-di-oxide [64]. 

Genesan [65] stated that the anaerobic digestion of willow dust could 

yield biogas with 55 to 60 percent methane 40 percent carbon-di-oxide 

and traces of other gases. Oba [66] studied anaerobic digestion of 

agricultural wastes and cattle wastes as methane generator. The gas 

thus produced was found to contain 60 to 84 per cent methane. 

 

Rajasekaran [67] studied the anaerobic digestion Euphorbia tirucally 

L.They state that the slurry consisting of 375 g fresh cow dung, 375 g of 

1-cm bits of Euphorbia tirucally and 750 g of water produced 19.2 liters 

of biogas in nine weeks as compared to 16.5 liters produced by cow dung 

alone. The carbon-di-oxide content of the biogas was 38 percent from 

Euphorbia tirucally plus cow dung and 35 percent from cow dung alone. 

 

Singh  [51] studied the anaerobic digestion of beet pulp, a waste product 

of the sugar industry. They reported that the average composition of the 

gas produced from the alkali treated beet pulp was 43-71 percent 

methane and 29-57 percent carbon-di-oxide and the gas produced from 

the untreated beet pulp was 31-57 percent methane and 43-69 percent 

carbon-di-oxide. 
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[38] Conducted experiments on anaerobic digestion of cassava wastes for 

different combinations. He reported that the methane content was in the 

range of 52 to 75 percent and 46 to 64 percent during the first and the 

sixth weeks of methanogenic. 

2.7  Inhibitory factors 
 
The term heavy metal refers to any metallic chemical element that has a 

relatively high density and is toxic or poisonous at low concentrations. 

Living organisms require trace amounts of some heavy metals, including 

sodium (Na), magnesium (Mg), potassium (K), calcium (Ca), chromium 

(Cr), manganese (Mn), iron (Fe), cobalt (Co), copper (Cu), zinc 

(Zn),selenium (Se) and molybdenum (Mo), but excessive levels can be 

detrimental to the organism. Of the nonessential metals, mercury (Hg) 

lead (Pb), cadmium (Cd), and arsenic (As) are recognized as health 

hazardous and all have caused major health problems as a result of 

environmental pollution [68] 

 
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 bio-

methanation.  

 

Toxicity. Mineral ions, heavy metals and the detergents are some of the 

toxic materials that inhibit the normal growth of pathogens in the 

digester. Small quantity of mineral ions (e.g. sodium, potassium, 

calcium, magnesium, ammonium and sulphur) also stimulates the 

growth of bacteria, while very heavy concentration of these ions will have 

toxic effect. For example, presence of NH4 from 50 to 200 mg/l 

stimulates the growth of microbes, whereas its concentration above 

1,500 mg/l produces toxicity.  
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Similarly, heavy metals such as copper, nickel, chromium, zinc, lead, etc. 

in small quantities are essential for the growth of bacteria but their 

higher concentration has toxic effects. Likewise, detergents including 

soap, antibiotics, organic solvents, etc. inhibit the activities of methane 

producing bacteria and addition of these substances in the digester 

should be avoided. Although there is a long list of the substances that 

produce toxicity on bacterial growth, the inhibiting levels of some of the 

major ones are given in Table 4. [59] 
 
 
Table 2: Toxic level of various inhibitors 
 
Inhibitors  Inhibiting Concentration  

Sulphate (SO4- - )  5,000 ppm  

Sodium Chloride or Common salt (NaCl)  40,000 ppm  

Nitrate (Calculated as N)  0.05 mg/ml  

Copper (Cu++ )  100 mg/l  

Chromium (Cr+++ )  200 mg/l  

Nickel (Ni+++ )  200 - 500 mg/l  

Sodium (Na+ )  3,500 - 5,500 mg/l  

Potassium (K+ )  2,500 - 4,500 mg/l  

Calcium (Ca++ )  2,500 - 4,500 mg/l  

Magnesium (Mg++ )  1,000 - 1,500 mg/l  

Manganese (Mn++ )  Above 1,500 mg/l  

 

Source: The Biogas Technology in China, BRTC, China (1989) 
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 CHAPTER THREE                           

3 Material and methods  
In this chapter, materials and methodology adopted in the study are 

briefly discussed 

3.1 General procedures 
 

Evaluation of biogas production was done by taking fresh samples of 

floriculture residue wastes and allow them to decompose in air for three 

days (pre treatment of plant material )as described by [19]. The effect of 

substrate on the gas yield was also monitored in the laboratory on batch 

digestion by taking samples of floriculture residue and adding cow dung.  

 

3.2 Feedstock 
The substrates used as feedstock materials for the generation of biogas 

in the laboratory were samples of floriculture residue and cow dung with 

different combinations of substrate and cow dung. 

 

Floriculture residues are produced at different growth stages of the plant 

due to the agronomical practice and at different processing stages. 

 The major production stages are 

 Trimming unnecessary parts from the growing plant at farm. 

 Rejected flowers due to its low quality. 

 Trimming parts of the flower stick to reduce its height to the 

required level. 

 

The floriculture residues were taken from floriculture farms in Holetta 

where as the cow dung was obtained from private livestock owner. A pilot 

survey was conducted in different floriculture farms to estimate the 
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amount of floriculture residue generated. Equal amount of water by 

weight was added along with the raw materials in all treatment. 

3.3 Batch Digestion 
The experimental set up for the study on batch digestion consisted of a 

2.5 amber bottle with a plastic stopper. One glass tube was inserted 

through the stopper which acts as an outlet for the gas and closed 

airtight (figure 3) .Fourteen bottles were taken for the experiment with 

three replications. 

 

 
 
Figure 3 Set up for batch digestion  
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3.4       Measurement of gas production 
 
The amount of gas produced was measured by using water displacement 

method [69]. The daily gas production was recorded for different 

treatments until the gas production ceases. 

3.5 Physical properties 
 
The total solids (TS) and volatile solids (VS) were estimated using muffle 

furnace for the different raw materials. 

3.5.1 Total solids (TS) 
 
Freshly collected sample were weighed in a crucible. The crucible was 

placed inside an electric hot air-oven maintained at 105ºC.The crucibles 

is allowed to remain in the oven for 24 hours, then taken out, cooled in a 

desiccator, and weighed. The weight of the sample, which was left in the 

oven, gave the total solids and was represented by the formula. 

 

Total solids (TS) = 
 weightInitial
 weightFinal  X 100%                           

 

3.5.2 Volatile solids (VS) 
Volatile solid content of the raw material were determined by drying the 

samples at 645 ºC for three hours. The volatile solids content in percent 

is determined by using the formula 

Volatile solids = 
 takensample ofWeight 

matter   volatileof removal  toduein weight  Loss  X100% 
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3.6 Quantity of biogas 
 
The quantity of biogas produced was measured using water displacement 

method by using NaOH 5% solution in the up side down bottles that 

retains the CO2.  

 

Heavy metal analysis: - A 0.5 gm powdered and mixed floriculture 

residue samples were weighed into round tubes to which 16 ml up to 25 

ml of 69% HNO3 were added at different intervals and digested within 4 

to 6 hours. All triplicate floriculture residue samples were digested at the 

same time on a block digester. The acid was evaporated until 1 to 2 ml 

was remaining and cooled at room temperature. After cooling the digests 

were diluted by 25ml of distilled deionized water and kept in the 

refrigeration for some time before analysis. Finally the digested 

floriculture residue samples were analyzed using Atomic absorption 

spectrophotometer; model 210 VGP at the Addis Ababa University, 

Department of Chemistry 
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 CHAPTER FOUR  

4 RESULTS AND DISCUSSION 

4.1 Estimating the amount of floriculture residue 
generated in sample floriculture farms. 

 
The amount of floriculture residue generated was estimated in sample 

floriculture farms in Holetta, Menagesha area and Ziway area where 

there are high concentration of floriculture farms. (Table 3) 

 
Table 3 sample floriculture farms. 
 
No Farm 

name  
Location  Cultivated 

area (ha) 

 

Volume of 
residue 
generation/day 

Volume of 
residue 
generation/year  

1 Ethio 
Dream Plc 

Holeta 8.5/22 250 kg 91,250 kg 

2 Lafto Rose 
Plc 

Holeta  150 kg 54,750 kg 

3 Oromia 
Wonders 
Plc 

Holeta 8/20 300 kg 109,500 kg 

4 Share 
Ethiopia 
plc* 

Zeway 500 75,000 kg 27,375,000 kg 

5 Agri 
Flower Plc 

Holeta 7/25 200 kg 73,000 kg 

6 Jordan 
river 
herbs plc 

Menagesh
a 

20/30 500 kg 182,500 kg 

7 Menagesh
a Flower 
plc 

Menagesh
a 

11/14 400 kg 146,000 kg 

 Total   76,800 kg 28032,000 
 

*consists of 7 farms  
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The above table shows that from the total cultivated area of 554.3 ha the 

amount of waste generated per year 28,032 tonnes if the acreage reached 

900ha the waste generated from this cultivation would be 45,514 tonnes 

per year. 

Since floriculture residues are simply dumped off and incinerated in the 

open with out being processed into product, they contaminate the 

environment. 

 

 

 

Figure 4 Poor dry waste management in one of floriculture farms  
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Figure 5  Sample collection from floriculture farms 
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The waste generated from Share Ethiopia plc which consists of 7 flower 

farms is significant 75,000 kg per day. The waste is transported to 

dumping site which is 5km away from the farm and there are 5 cars 

rented for the waste removal in which the company pays 70 birr for 

single tripe. A single car on the average makes16 trips per day and this 

cost the company 2 million birr per year. 

4.2  Determination of heavy metals 
 
Table 4: Mean (±SD) and ranges of heavy metals in floriculture residue 
 
SUBSTANCE Concentration in 

floriculture residue 
Inhibiting 
Concentration to 
biogas 

LEAD 8.96+1.77 
 

not available 

MANGANESE 
 

 
 5.22+0.068 
 

above 1500mgl 

CADMIUM 
 

0.12+0.07 
 

not available 

NICKEL 
 

7.65+5.47 
 

200-500mg/l 

COBALT 
 

0.61+1.01 
 

not available 

CHROMIUM 5.93+5.76 
 

200mg/l 

POTASSIUM 2148.31+32.30 
 

2500-4500mg/l 

SODIUM 9.92+5.36 
 

3500-5500mg/l 

CALCIUM Not detectable 2500-4500mg/l 
COPPER 106.09+1.12 

 
100mg/l 

MAGENISIUM 56.74+0.04 1000-1500mg/l 
ZINC 24.25+5.42 

 
350-1000mg/l 
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                                 Figure 6 Digested floriculture residue. 
 

All the average results of the current heavy metal analysis Table 4 are 

found to be lower than the recommended upper limits for biogas 

production Table 2 [70].       

4.3  Characterizations of feedstock 
     

The different feedstock were prepared by taking the whole plant residue, 

and the different parts of the plant (flower, leaf) and mixing with the 

same amount of cow dung (333.33g) 
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Table 5. Different combination of floriculture residue and cow dung. 

 

Treatment Residue Cow dung 

T1  (1:1)  246.3 g  333.33 g 

T2 (2:1) 492.6 g   333.33 g 

T3 (3:1) 738.9g  333.33 g 

T4 - 333.33 g 

T5 (2:1) Leaf 374.3g   333.33 g 

T6  (2:1)  flower 603.86 g)   333.33 g 

  

 

4.3.1 Organic Loading Rate 
Loading rate amount of volatile solid per unit of time per volume of 

digester of the six biogas treatments were shown below. 

2.5=  0.0025 m3 

T1 = 0.0838/51days/0.0025 m3 = 0.6572kg/ days /m3 

T2= 0.1252/52 days /0.0025 m3 = 0.9630kg/ days / m3 

T3= 0.1666/53 days /0.0025 m3 = 1.2573kg/ days / m3 

T4=0.0424/43 days /0.0025 m3 = 0.3944kg/ days / m3 

T5=0.11707/48 days /0.0025 m3 = 0.9755kg/ days / m3 

T6=0.12579/19 days /0.0025 m3 = 2.6482kg/ days / m3 

 

 

 
Table 6 Total solids and volatile solids of different combinations                               
                       Of feedstock 

The total solids (TS) and volatile solids (VS) for the different combinations 

of feedstock were found and summarized in table 6 
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Feed stock TS content (%) VS(as% of TS) VS content (%) 
Residue 20.3±0.1 82.83 16.81 
Leaf 26.93±0.1 74.1 19.75 

Flower 16.56±0.1 83.4 13.81 
Cow dung 15.1±0.2 84.4 12.74 

 

 

The above table showed that the total solid content fall in the range of 

15.1 and 26.93 percent .The maximum Ts was  26.93 percent measured 

in treatment 6 ( flower+cowdung) where as the minimum Ts value of 15.1 

percent was measured  from cow dung alone.  

 

The TS content of 15.1 to 26.93 percent used for this experiment is in 

the range of 5 to 70 percent from different feedstocks as described by 

[39]. 7 to 37 percent from different cassava wastes as described by [38]. 

In addition, the TS 15.1 percent obtained for cow dung in this 

experiment is in the range of 15 to 20 as reported by [19]. 

It could also be seen that the cow dung alone had the minimum volatile 

solid content of 12.74  

 
 
 
Based on the total solid content and the volatile solid content of the 

different treatments, the details of the substrate used in the different 

anaerobic batch digesters are shown in Table 7.  
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Table 7. Details of the substrate used in different anaerobic batch  
               digesters 

 
Treatment Floriculture 

residue(g) 

 

Fresh 

dung(g) 

Total 

solids(g) 

Volatile 

solids(g) 

 

T1 246.3 (R) 333.33 100 83.8 

T2 492.6 (R) 333.33 150 125.2 

T3 738.9 (R) 333.33 200 166.6 

T4 - 333.33 150 42.4 

T5 374.3  (L) 333.33 150 117.07 

T6 603.86(F) 333.33 150 125.79 

 
 

It could be seen from the table that both the total solid and volatile solids 

in grams decreased linearly from their maximum values 738.9 g and 

246.3g by the floriculture residue alone to their minimum values 166.6g 

and 42.4 g by cow dung alone. 

 

4.4 Volatile solid content in total solids 
 
The percent of volatile solid content in total solids of different 

combinations of feedstocks is summarized in table 6. 

The percent of volatile solid content in total solids for different treatments 

fell in the range of 74 to 84.4percent. The maximum was found to be 

84.4 % cow dung alone as feedstock and the minimum value 74.1 % was 

in floriculture residue leaf. The volatile solid content in total solids of 

74.1 to 84.4 percent used for this experiment is in the range of 70 to 90 

percent as described by [39]. 
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 The VS in percent of TS which is 84.4 percent used for cow dung lies 

between 75 and 85 percent as described by [39] and close to 77 percent 

as reported by[35]. 

4.5 The PH and Temperature  
 

The optimum PH for biogas production is when the PH value in the 

digester is between 7and 8. The Average PH measured for treatment (T2) 

was 5.04±0.63 even if it is below 6 huge amount of gas was produced yet.  

 

The maximum PH was measured on the first day of digestion and the 

minimum was on the 45 th day when the gas production ceases. 
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                     Figure 7:  Daily PH profile. 
 

With regard to the temperature, the highest temperature was recorded at 

the second day of digestion and the minimum at the 10th day.  

The average temperature of the pH meter dedicated treatment (T2 2:1) 

was 20°. 
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             Figure 8:   Daily Temperature profile 

4.6 Biogas production of different combinations of 
feedstock 

 
The daily biogas production of different combinations of feedstock is 

given in appendices A. The total biogas production and the duration of 

these combinations are tabulated in table 8. 
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Table 8 Total biogas production of the six treatments with their 
corresponding standard deviation 
 
Feedstock Volatile solid 

content% 

Total gas 

production ml 

No of days gas 

produced 

T1 (1:1) 16.81 11,776 ±164 51 

T2 (2:1) 16.81 14,127±155 52 

T3 (3:1) 16.81 8,461 ± 129 53 

T4 12.74 4,428 ± 57 43 

T5 (2:1) 19.75 12,705±133.03 48 

T6  (2:1) 13.81 345 ± 8.36 19 

 

It was evident from the above table that biogas production was maximum 

(14,127±155 ml) in 52 days from T2 followed by (11,776 +164 ml) in 52 

days from T1, (8,461 +129 ml) in 53 days from T3 and the minimum (345 

± 8.36 ml) from flower and cow dung in 2:1 ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Potential of Floriculture Residue for Biogas Production 
 

 
Tamrat Asnake tamex70@gmail.com 
Environmental science program 

42

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 .Cumulative biogas production for T1, T2, T3 and T4 
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The gas production rate decreased from 663 ml/day to 10 ml/day for T1 

(1:1), from 385 to 82 ml/day for T2 (2:1), from 425 to 18 ml/day for T3 

(3:1).  

 

For cow dung, the rate was minimum in the first fortnight as 18 ml/day 

and maximum in the twenty fifth day 206ml/day and then decreased to 

13 ml/day in the last fortnight. The cumulative biogas production of both 

combinations, (2:1) and (1:1) were high compared to cow dung in all 

stages. 

 

The total biogas productions for all floriculture residue combinations 

were higher than that of cow dung as supported by [71] 

 

The steady state measurement in biogas production continued with 

8,461 ml, 11,776 ml and14,127 ml for T3, T2 and T1 respectively. 
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Figure 10 Daily biogas production for T1, T2, T3and T4 
 
 

 

 

 

Figure 11 Daily biogas production of T1,T2,T3 andT4 

 
DA

IL
Y 

BI
OG

AS
 P

RO
DU

CT
IO

N 
FO

R 
CO

M
BI

NA
TI

ON
S 

T1
 (1

:1
), 

T2
(2

:1
 R

AT
IO

), 
T3

(3
:1

 
RA

TI
O)

 A
ND

 T
4 

(1
00

%
 C

OW
 D

UN
G)

0
10

0
20

0
30

0
40

0
50

0
60

0
70

0
80

0

1
4

7
10

13
16

19
22

25
28

31
34

37
40

43
46

49
52

DU
RA

TI
ON

 (D
AY

S)

BIOGAS PRODUCTION (ml)

T1 T2 T3 T4



Potential of Floriculture Residue for Biogas Production 
 

 
Tamrat Asnake tamex70@gmail.com 
Environmental science program 

45

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 11 Daily biogas production of T5 
 

 

 

 
 
 
 
Figure 12 Daily biogas production of T5 
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4.6.1 Biogas production for the combination of 
floriculture residue and cow dung in ratios 1:1, 
2:1and 3:1. 

The total biogas production from the combination of floriculture residue 

and cow dung in the ratios 1:1, 2:1 and 3:1. 

  

The maximum total biogas production was observed with floriculture 

residue and cow dung combinations in the ratio 2:1 as 14,127±155ml. 

All the combinations produced more biogas than that of cow dung and 

the percent increase was 166, 220, and 92 for the combination of 

floriculture residue and cow dung in the ratio 1:1, 2:1, and 3:1 

respectively. 

 

It is observed from the Figure 10 and Appendices A that the gas 

production was highest in the eighth day for the combination of 

floriculture residue and cow dung in the ratio 2:1 as 673 ml whereas, the 

highest gas production for the combination of floriculture residue and 

cow dung in the ratio 1:1 was observed in the second day as 663 ml. The 

highest gas production for cow dung was observed in the twenty fifth day 

as 206 ml.  

For both combinations 2:1 and 1:1, the daily gas production was high for 

the first twenty days which stabilized during 21st to 30th day 

respectively and then gradually decreased until it ceased. The gas 

production was around 373 ml up to twenty days then they maintained 

the gas production between 240 and 161ml for the next twenty days and 

the gas production lie between 96 and 10 ml for the last ten days. 

 

4.6.2  Biogas production from the combination of 
floriculture residue (leaf) and cow dung (2:1) 

 The total biogas production from the combination of floriculture residue 

flower leaf and cow dung 
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Table 9 biogas production of T4, T5 and T6 
 
Type of digester                                  Total biogas production 

T5    (2:1)                                          12,705±133.03 ml 

T6     (2:1)                                      345 ± 8.36 ml 

Cow dung                                      4,428 ± 57ml  

 

 

It was evident from the above arrangements that the total biogas 

production from the combinations of floriculture residue (leaf) and cow 

dung in the ratios 2:1 12,705 ±133.03 ml is greater than from the 

combinations of floriculture residue (flower) and cow dung in the ratios 

2:1 345 ± 8.36 ml.  

 

The biogas production from treatment T6 flower and cow dung in 2:1 is 

the lowest of all. 

4.6.3 Methane quality of the biogas  
The quality of biogas produced is measured using water displacement 

method by using NaOH 5% solution in the up side down bottles that 

retains the CO2.  

The result showed that methane quality of the biogas is comparable to 

the accepted value 60-65 % methane and the rest is carbon dioxide and 

trace gases. 
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CHAPTER FIVE 

5 CONCLUSION and RECOMMENDATION 

5.1 CONCLUSION 
 
In this chapter the results of the experiments carried out in batch 

digesters for floriculture residue in six different combinations with cow 

dung studied at the ambient temperature of Addis Ababa.  

 

On the batch experiments of eight week digestion, the combination of 

floriculture residue and cow dung in the ratio 2:1 produced the 

maximum biogas as 14,127±155 ml in 52 days, followed by floriculture 

residue and cow dung in the ratio 1:1 11,776 ±164 ml in 51 days, the 

combination floriculture residue and cow dung in the ratio 3:1 as 8,461 ± 

129ml 53 days, and the least with cow dung as 4,428 ± 57 ml in 43 days. 

The floriculture residue (flower only) produced the least amount of biogas 

345 ± 8.36 ml for 19 days. 

 

From the currently cultivated 554 ha the amount of waste generated per 

year 28,032tonnes if the acreage reaches 900ha the waste generated 

could reach 45,514 tonnes per year. 

The waste from floriculture industry is very large thus it can be used as 

renewable energy. 

In addition the use of the floriculture residue for any other use  is not yet 

experienced by the farms therefore they use open disposal and 

incineration which could affect the environment since the sector uses 

extensive chemicals as a fertilizer the waste contains different heavy 
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metals this will be dumped to the ground which will affect the soil 

fertility. 

The heavy metal concentration in the floriculture residue is below the 

standard for biogas and it can be used as a feedstock for biogas 

production.   

All the combinations of floriculture residue produced more amount of 

biogas than that of cow dung except treatment 6 floriculture residue 

flower only.  

 

The result showed that methane quality of the biogas is comparable to 

the accepted value 60-65 % methane.  

 

5.2 Recommendations 
 

 Efforts should be made to measure the methane quality of the 

different combinations by a Gas Chromatograph 

 The optimum combination (2:1 ratio) should effectively be tried in 

pilot study. 

 Attention should be given to the farms and concerned bodies to 

use the waste and achieve sustainable development. 

 Attention should be given to Use of the waste for renewable energy 

which gives double environmental benefit by providing clean 

energy and cut waste disposal fee. 

 Attempts should be done to test the suitability of the slurry as a 

fertilizer. 

 Further study should be conducted on the effect of chemicals on 

soil fertility. 
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Heavy metal analysis of the feed stock 

Substance       Remark 
Lead 
 

Samples  A B C BLANK  

  9.05 10.4 10.55 0.65  
10.35 10.3 13.25 4.45  

  10.9 12.45 16.8 2.7  
Average 10.1 11.05 13.53 2.6  

 Net 7.5 8.45 10.93  8.96+1.77 
 

       
Manganese  6.28 6.265 6.37 1.1  
  6.305 6.26 6.395 1.05  
  6.355 6.27 6.46 1.15  
 Average 6.311 6.265 6.40 1.1  
 Net 5.211 5.165 5.3  5.22+0.068 
       
Cadmium 
 

 1.15 1.2 0.95 1  

  1.1 1.05 1.05 0.95  
  1.15 1.1 1 0.95  
 Average 1.13 1.11 1 0.96  
 Net 0.17 0.15 0.04  0.12+0.07 

 
Nickel 
 

 16.85 7.05 6.8 3  

  16.3 7.55 4.1 2.1  
  15.4 6.85 4.8 4.1  
 Average 16.18 10.725 5.23 3.06  
 Net 13.12 7.665 2.17  7.65+5.47 

 
       
Cobalt 
 

 3.3 1.85 2.5 1.8  

  4.3 2.25 2.15 2.1  
  4.65 3.1 2.1 3  
 Average 4.08 2.4 2.25 2. 3  
 Net 1.78 0.1 -0.05  0.61+ 1.01 

 
       
Chromium  19.6 7.15 10.3 6.55  
  19.55 7.1 9.7 6.85  
  18.55 10.2 12.75 7.3  
 Average 19.23 8.15 10.91 6.9  
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 Net 12.33 1.25 4.01  5.93+ 5.76 
       
Potassium  2132.36 2132.41 2183.33 2.29  
  2132.36 2132.46 2199.21 2.95  
  2132.4 2132.43 2182.56 2.99  
 Average 2132.37 2132.43 2188.36 2.74  
 Net 2129.63 2129.69 2185.62  2148.31+32.30 

 
       
Sodium  6656.15 6656.7 6667.1 6651.1  
  6664.5 6656.65 6667.05 6651.2  
  6656.5 6656.7 6667.05 6651.2  
 Average 6659.05 6656.68 6667.06 6651.16 9.92+5.36 

 
 Net 8.34 5.52 15.9   
       
Calcium  1.51 1.49 1.48 89.2  
  1.54 1.5 1.5 129.5  
 Average 1.6 1.48 1.48 96.7  
 Net 1.55 1.49 1.48 71.8 Not detectable 
       
Copper  106.9 106.1 106.1 1.85  
  109.35 107.45 110.5 2.0  
  109.05 106.95 110.4 2.1  
 Average 108.4 106.83 109 1.98  
 Net 106.42 104.85 107.02  106.09+1.12 

 
       
Magnesium  79.5 79.56 79.715 22.91  
  79.84 79.715 79.795 22.8  
  79.87 79.72 79.735 23.19  
 Average 79.73 79.65 79.74 22.96  
 Net 56.76 56.69 56.78  56.74+0.04 

 
       
Zinc  56 51.95 45.25 26.45  
  56.25 52 45.6 26.7  
  56.25 52 45.35 27.65  
 Average 56.16 51.98 45.4 26.93  
 Net 29.23 25.05 18.47  24.25+5.42 
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Daily biogas production (ml) from the combination of floriculture 

residue and cow dung in the ratio 2:1 
DAYS R1 R2 R3 AV COM DA

YS 
R1 R2 R3 AV COM 

1 190 170 150 170 170 45 60 50 45 51 13990 
2 250 200 320 256 426 46 50 30 55 45 14035 
3 150 310 330 263 690 47 40 20 20 26 14062 
4 400 330 280 336 1026 48 20 30 25 25 14087 
5 280 320 340 313 1340 49 15 10 15 13 14100 
6 610 550 480 546 1886 50 10 25 20 18 14119 
7 520 495 435 483 2370 51 10 5 10 8 14127 
8 810 620 590 673 3043 
9 630 540 465 545 3588 
10 410 470 460 446 4035 
11 620 350 435 468 4503 
12 350 475 410 411 4915 
13 450 610 480 513 5428 
14 250 320 400 323 5751 
15 260 250 240 250 6001 
16 420 390 330 380 6381 
17 430 450 400 426 6808 
18 570 490 500 520 7328 
19 610 580 530 573 7901 
20 400 390 330 373 8275 
21 210 260 250 240 8515 
22 300 330 310 313 8828 
23 230 245 220 231 9060 
24 320 275 280 291 9351 
25 480 380 350 403 9755 
26 370 410 410 396 10151 
27 360 310 410 360 10511 
28 330 280 250 286 10798 
29 310 250 240 266 11065 
30 220 270 190 226 11291 
31 245 260 220 241 11533 
32 280 250 230 253 11786 
33 290 260 250 266 12053 
34 300 310 317 309 12362 
35 220 260 320 266 12629 
36 200 180 220 200 12829 
37 220 190 210 206 13035 
38 190 170 230 196 13232 
39 170 210 190 190 13422 
40 150 170 165 161 13584 
41 80 100 110 96 13680 
42 100 90 120 103 13784 
43 90 80 70 80 13864 
44 70 65 90 75 13939 
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Daily biogas production (ml) from the combination of floriculture 

residue and cow dung in the ratio 3:1 
Days R1 R2 R3 Av Com Days R1 R2 R3 Av Com 
1 420 335 470 408 408 42 30 50 65 48 8015 
2 440 410 425 425 833 43 35 45 75 51 8066 
3 330 300 280 303 1136 44 40 40 80 53 8120 
4 310 290 350 316 1453 45 45 50 60 51 8171 
5 300 340 380 340 1793 46 40 35 75 50 8221 
6 420 310 305 345 2138 47 35 50 60 48 8270 
7 410 400 380 396 2535 48 30 40 75 48 8318 
8 405 390 380 391 2926 49 35 50 35 40 8358 
9 390 350 320 353 3280 50 30 25 50 35 8393 
10 300 380 390 356 3636 51 25 30 30 28 8421 
11 310 320 310 313 3950 52 20 15 30 21 8443 
12 330 340 345 338 4288 53 20 10 25 18 8461 
13 310 300 290 300 4588 
14 280 260 250 263 4851 
15 230 250 260 246 5098 
16 275 260 220 251 5350 
17 290 270 270 276 5626 
18 250 200 250 233 5860 
19 210 210 245 221 6081 
20 180 190 160 176 6258 
21 140 200 180 173 6431 
22 135 120 140 131 6563 
23 190 110 120 140 6703 
24 95 80 85 86 6790 
25 105 110 100 105 6895 
26 90 75 80 81 6976 
27 80 65 65 70 7046 
28 95 70 75 80 7126 
29 75 80 90 81 7208 
30 70 50 60 60 7268 
31 60 85 95 80 7348 
32 65 80 75 73 7421 
33 60 70 75 68 7490 
34 60 55 60 58 7548 
35 50 45 60 51 7600 
36 55 75 80 70 7670 
37 60 80 90 76 7746 
38 55 45 65 55 7801 
39 50 45 45 46 7848 
40 45 60 75 60 7908 
41 40 75 60 58 7966 
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Daily biogas production (ml) from the combination of floriculture 

residue and cow dung in the ratio 1:1 
Days R1 R2 R3 Av Com Days R1 R2 R3 Av Com 
1 520 510 490 506 506 44 50 45 50 48 11555 
2 690 720 580 663 1170 45 65 60 50 58 11613 
3 550 665 595 603 1773 46 55 50 40 48 11661 
4 480 510 520 503 2276 47 45 55 45 48 11710 
5 460 570 540 523 2800 48 30 20 30 26 11736 
6 410 490 510 470 3270 49 20 25 25 23 11760 
7 400 380 500 426 3696 50 10 10 10 10 11770 
8 380 350 450 393 4090 51 5 5 10 6 11776 
9 360 330 410 366 4456 
10 350 350 420 373 4830 
11 320 310 380 336 5166 
12 240 280 350 290 5456 
13 275 250 365 296 5753 
14 290 240 370 300 6053 
15 250 220 350 273 6326 
16 240 210 330 260 6586 
17 200 220 310 243 6830 
18 210 200 320 243 7073 
19 270 260 250 260 7333 
20 180 250 190 206 7540 
21 160 220 230 203 7743 
22 200 180 245 208 7951 
23 190 220 255 221 8173 
24 250 230 240 240 8413 
25 130 190 220 180 8593 
26 160 170 190 173 8766 
27 250 210 200 220 8986 
28 190 160 180 176 9163 
29 220 210 200 210 9373 
30 230 210 190 210 9583 
31 200 190 210 200 9783 
32 210 200 205 205 9988 
33 190 180 170 180 10168 
34 210 180 190 193 10361 
35 200 180 190 190 10551 
36 200 210 280 230 10781 
37 150 190 170 170 10951 
38 110 150 120 126 11078 
39 90 110 130 110 11188 
40 100 90 110 100 11288 
41 80 90 60 76 11365 
42 75 65 80 73 11438 
43 60 75 70 68 11506 
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Daily biogas production (ml) from the cow dung only 
DAYS R1 R2 R3 Ave CUM DAYS R1 R2 R3 Ave CUM 
1 20 15 20 18 18 36 80 90 110 93 4103 
2 30 20 15 21 40 37 70 80 75 75 4178 
3 40 20 30 30 70 38 50 60 75 61 4240 
4 50 45 55 50 120 39 60 70 80 70 4310 
5 65 60 65 63 183 40 40 45 50 45 4355 
6 75 55 70 66 250 41 30 35 40 35 4390 
7 70 60 55 61 311 42 25 20 30 25 4415 
8 60 70 50 60 371 43 20 10 10 13 4428 
9 75 70 70 71 443 
10 80 85 60 75 518 
11 85 90 65 80 598 
12 80 85 70 78 676 
13 85 90 80 85 761 
14 70 80 70 73 835 
15 60 70 60 63 898 
16 110 150 110 123 1021 
17 130 115 150 131 1153 
18 150 160 170 160 1313 
19 130 120 120 123 1436 
20 170 180 150 166 1603 
21 180 160 130 156 1760 
22 190 200 120 170 1930 
23 200 190 160 183 2113 
24 210 200 200 203 2316 
25 220 210 190 206 2523 
26 180 190 200 190 2713 
27 190 200 210 200 2913 
28 170 160 170 166 3080 
29 150 160 120 143 3223 
30 160 170 150 160 3383 
31 170 210 180 186 3570 
32 140 160 150 150 3720 
33 130 100 70 100 3820 
34 120 110 80 103 3923 
35 90 80 90 86 4010 
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PH AND TEMPERATURE VALUE OF PH METER DEDICATED TREATMENT 2 

Days Ph Temp 
1 6.67 20.1 
2 6.6 21.4 
3 6.3 21.7 
4 6.14 20.4 
5 6.1 20.2 
6 5.69 20.1 
7 5.43 19.8 
8 5.33 20 
9 5.3 18.8 
10 5.29 17.8 
11 5.27 19.3 
12 5.23 19.4 
13 5.17 20.1 
14 5.11 20.1 
15 5.1 20.4 
16 5.14 18.9 
17 5.1 20 
18 5.13 21.4 
19 5.12 20.4 
20 5.09 21.4 
21 5.04 21.5 
22 5.1 20.6 
23 5.04 20.8 
24 5 20.4 
25 5.1 20.2 
26 5.5 20.1 
27 5.04 18.1 
28 5.01 19.2 
29 5.03 18.9 
30 5.08 21.5 
31 4.8 20.2 
32 4.7 21.5 
33 4.6 21 
34 4.5 22.1 
35 4.8 20.4 
36 4.68 20.1 
37 4.59 19.4 
38 4.42 21.4 
39 4.41 19.4 
40 4.2 18.9 
41 4.2 19.1 
42 4.25 19.9 
43 4 20.1 
44 3.89 19.4 
45 3.9 20.3 
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Daily biogas production (ml) from the combination of residue(leaf) 

and cow dung(T5) flower and cow dung(T6)both  in the ratio 2:1 
Days T5 T6 Days T5 T6 
1 150 10           45 50  
2 200 15           46 40  
3 320 10           47 20  
4 310 25          48 30  
5 320 30 
6 450 35 
7 495 25 
8 520 15 
9 540 15 
10 430 20 
11 350 25 
12 375 20 
13 490 30 
14 320 20 
15 250 15 
16 290 10 
17 420 10 
18 410 5 
19 380 10 
20 390  
21 260  
22 350  
23 250  
24 220  
25 200  
26 250  
27 310  
28 280  
29 250  
30 280  
31 260  
32 250  
33 250  
34 255  
35 260  
36 180  
37 190  
38 170  
39 200  
40 180  
41 90  
42 80  
43 75  
44 65  

 


