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ABSTRACT

The Counties adjacent or neighboring Lake Victoria in Kenya constitute the Nile Basin and are not exempt from 
carbon uptake loss, increased non-renewable fuels use and environmental degradation risks such as global warming 
due to population growth. Energy demand for counties in the Nile Basin becomes a critical challenge in terms of 
wood fuel availability and the catchment services. This study ascertained the potential of bio-energy material based 
on site-specific (local) characteristic. Particularly, water hyacinth (Hy) in gulf, markets for sawdust, feacal matter 
(FM) in towns for Bio-ethanol, Biogas and Briquettes. 100 ml Bio-ethanol from hyacinth cooked three liters of 
tea in 25 minutes against an ordinary charcoal cooking stove (Jiko) for 45 minutes. FM and Hy (1:1) briquettes 
could substitute charcoal/firewood because of high calorific/heat values of proximate value analyses. That; a person 
produces averagely 123.6 grams of feacal per call or 0.12 Kg for about 0.02 m3 of methane. These 3B’s (Biogas, 
Bioethanol and Briquettes) energy options could drive waste management for entrepreneurships within Counties 
neighboring Lake Victoria for SDG’s strategies.
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INTRODUCTION

Kisumu and Siaya Counties, the study area, are respectively located 
between latitudes 00° 20' to 00° 50' South; 0° 26’ to 0° 18’ north 
and longitudes 33° 20'E to 35° 20'E; 33° 58’ east to 34° 33’ west. 
Kisumu County is with a population of 968,909 (2009 Kenyan 
National Census) and at assumed growth rate of 2.7%, the current 
(2019) population is 1,155,574. Siaya County’s population was 
estimated at 885,762 (KNBS 2012 Population projections) and was 
expected to grow at a rate of 1.7 per cent per year and as of 2019 
census the population was 993,183. These towns within the Lake 
Victoria Basin are not exempted from environmental degradation 
such as global warming due effects of population growth (basis of 
SDGS 1 to 17). Odada, et al., [1] summarizes that this includes; 
‘perceptions and practices related to natural resources exploitation 
in the Lake Victoria, intertwined with livelihoods, culture 
and political expediency that makes it complex and threatens 
sustainable use of environmental resources’.

The demand for energy due to population increase (SDG 7) is 
a critical challenge within a locality (such as Kisumu and Siaya 

counties) in terms of availability and the world today. In Kenya, 
wood fuel accounts for 70% of the country’s energy consumption 
needs and traditionally is for heating (cooking) by 90% of the rural 
household and about 85% urban areas (SDG 15). The major source 
of energy (Transport, gas-cooking etcetera) is from non-renewable 
fossil fuel that is associated with global warming, environmental 
degradation, and human health problems (SDG 13) [2]. It is also 
cognizant that, the negative impacts of traditional fuel sources 
(firewood, charcoal, and kerosene etcetera) on the environment 
together with cost factors, led to the development of renewable 
energy sources for economic and environmental benefits (U.S 
Department of Energy-Energy Efficiency and Renewable Energy, 
2011). Consequently, the growing energy demand encourages 
scientists’ worldwide to explore low cost, environmental friendly 
and sustainable alternative energy sources [3-6]; more so, use of 
locally available biomaterial to be encouraged.

The world energy council (WEC) 2000predicted, “Modern or 
improved biomass around the world will replace the traditional 
biomass in rural areas by 2020, and traditional biomass will 
decline to about 20% energy demand in developing countries 
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[7]. This has not happened and is part of the SDG targets. In the 
developing world, the possible transformation of natural biomass 
to modernized renewable energy is through Briquetting, Biogas 
and Bio-ethanol (christened here as three B’s), apart from the solar 
and hydro sources.

The Three, B’s 

Briquetting is the physical transformation of loose raw material 
mostly made of biomass waste into high-density fuel briquettes 
through compacting, for domestic and industrial use [8,9]. Raw 
materials include but not limited to: feacal matter, charcoal, coffee 
husk, maize stock, bagasse, sawdust [10-13]. However, FM as a raw 
material should be free of pathogens when heat treated properly 
and solely or combined with other biomass material for its relatively 
higher combustion characteristics and density. The factors for 
mixing FM and other biomaterial should consider availability, 
cost, burning characteristics, and their potential to ignite to burn 
to provide heat energy. Biogas is also an alternative renewable 
energy that can fulfill the demand for cooking where there exists 
no option other than firewood [14]. Bioethanol too as a clean, safe 
renewable energy resource, is a potential substitute to fossil fuels as 
is given emphasis [15-17]. Feacal matter, water hyacinth, sawdust, 
rice husks, paddy rice stalks, sugar cane stalks and bagasse do meet 
the criteria for Nile basin region (Kisumu and Siaya counties) for 
availability emphasized [18-21].

The lignocellulose water hyacinth fits bioethanol production 
and as is described [22-24,15]. Its origin is explained [25] and the 
unfavorable characteristics [26,27]. The favorable characteristics 
for briquetting are as discussed [28-32]. Just as is sawdust described 
by Kuti and Adegoke, [33] Switch grass described [34-36]; as are 
respectively also attractive sources for Briquettes and Bio- ethanol. 

Sludge (from sewers, pit latrines and septic tanks) management 
on the other hand constitutes a key part of wastewater treatment 
process and involves substantial costs and resources [37,38]. In 
the developing countries like Kenya, the amount of faecal matter 
(a bio- matter) is increasing in direct proportion to population 
(concern of SDGS strategy 1 to 17) and is causing constraints in 
the maintenance and operation of treatment plants in urban areas.

The aim of this study was to ascertain the potential for utilization 
of local saw dust as a market waste material, water hyacinth (Hy) 
from Kenyan Lake Victoria gulf, feacal matter (FM) of towns or 
townships for production of Bio-ethanol, Biogas and Briquettes 
to meet collective needs in both cooking and energy for heating. 
Particularly to single out these renewable energy production 
potential options as the drivers to waste management, related 
entrepreneurships for sustainability and as the triple SDG strategy 
for Kisumu and Siaya Counties (a locality) in Kenya.

METHODOLOGY

Study Area

The Bio-ethanol/Biogas study productions were at Jaramogi 
Oginga Odinga University of Science and Technology (JOOUST) 
in Bondo sub-county, Siaya County and Kisumu City in Kisumu 
County (Kenya). The average annual temperature in Bondo and 
Kisumu are respectively 28.3̊C and above which ordinarily can 
support a fermentation process. The briquetting was undertaken 
in Nakuru county (Latitude 0° 18' 11.156" S Longitude 36° 4' 
48.094" E) at the Nakuru Water Service and Sanitation Company 
(NAWASCO) treatment site in Kaloleni. The water hyacinth for 
Bio-ethanol and briquettes were from Lake Victoria, Usenge beach 

in Siaya County -Kenya. 

THE BIO-MATERIALS TESTS

Briquetting

Faecal matter and sawdust were respectively from pit latrines of 
low-income areas of Kivumbini/Kaloleni by exhauster truck and 
from local sawmills within Nakuru town. The potassium chlorate 
was from Nyanza Equipment laboratory, Kisumu, while laboratory 
analysis was at JOOUST, Government Chemist of Kisumu and the 
Maseno University (Kenya).

Raw Material Preparation

The water hyacinth (from Lake Victoria), faecal matter and sawdust 
were dried in the green house (Figure 1) for 7-14 days with periodic 
mixing to allow aeration, quick drying and was intended to reduce 
the moisture to about 12% [39,40]. Foremost, water hyacinth 
was milled to size equivalent to sawdust particles, and then was 
carbonized in open half drum. Faecal matter and sawdust were 
nonetheless carbonized in a drum kiln, an open half cut drum 
(Figures 2-4), and wereseparately milled to 0.5 mm by a hammer 
mill (Figure 5). The mixing ratios selected were as depicted in 
Table 1. The additive material was ground to size by a mortar and 
crucible. 20 liters of water to one liter of molasses was stirred as was 
mixed to form a binder solution. 

Agglomeration: The non-pressure method and a dustpan 
respectively were used to grow the materials into spherical 
briquettes (Figure 6) and loading the drum with a 15 kg mixed 
ratio of the material. Dust was added at intervals followed by the 
binding agent (Molasses) sprinkled on the dust to allow compaction 
of the mixture to obtain 45 mm. The binder solution is desirable 
in a rotating drum to result into a mass such as a pellet or granule, 
variously cited as disc- pelletizing, rotary drum granulation, pin 
mixing and paddle mixing [11]. This increases or decreases the 
porosity or density of a material through nucleation, coalescence 
and consolidation. The final stage attrition; compacts the product 
and is characterized by surface wear due to friction. Figure 7 shows 
the direct sunlight drying of briquettes subjected to tests after four 
days. 

Figure 1: From left: Water Hyacinth at Lake Victoria; Dry Water Hyacinth; 
Milled Water Hyacinth; Sawdust and Faecal Matter in the Greenhouse.

Figure 2: Drum Kiln.
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Physical characteristics and proximate analysis (density, moisture 
content, volatile matter, ash content and caloric value) were done 
for briquettes samples as per ASABE standards [41-45]. An Atomic 
Absorption Spectrophotometer-Shimadzu AA6300, Auto Sampler 
(ASC -6100) and a Graphite Furnace Automizer (GFA-EX 7i) for 
determining the ash component. Fixed carbon (FC) and heating 
value (Hv) were determined by the equations; FC=100-(% VM+% 
ASH and Hv=2.326 (147.6c+144v); where c = % fixed carbon, v 

= % volatile matter. In addition, it is that the calorific value of 
charcoal, is 25.7 kj/kg @ 1.7% MCwet and or 27.6-31.5 kj/kg 
@~5% MCwet.

Water Boiling Test

The water-boiling test (WBT) was according to version 4.2.3 and 
4.1.2. Four replica WBT for each sample of briquettes were done 
and characteristics performance equations used in determining 
the parameters. The subsidiary equipment used included; digital 
thermometer, a small shovel for removing hot briquettes from 
the stove,tongs for handling briquettes, heat resistance gloves, 
and a wood fixture for holding the thermometer probe in water, 
timer, and standard pots. Altitude determined, was by a hand-held 
GPS and others determined were, Burning Rate, Specific Fuel 
consumption, Power Output and Burning Time (the average time 
taken for the briquette to bring the water to the boiling point; [46]).

Producing Bio-ethanol 

Preparation: The procedure adopted was that; water hyacinth 
fetched from Usenge beach in Siaya County was cleaned, chopped, 
ground to pieces to increase the surface area for enzymes (yeasts) 
and placed in a container ready for fermentation. Hyacinth (Hy), 
distillers yeast (Dy), Sugar (Sg) and water (Wr) were mixed in a ratio 
of 1:0.05:0.05:1by weight (20:1:1:20 in Kgs) and put in a container 
to fit or at least 20% larger.

To remove oxygen, water was warmed then mixed with hyacinth 
in a container in equal ratio and was tightly closed and left for 24 
hours for the aerobic process. Yeast was mixed, stirred and was left 
for more six hours. Sugar was added next, mixed and the container 
closed to preclude air (oxygen), and all was for six days to ferment. 
On the seventh day, the alcoholic content could smell ready for 
fractional distillation after sieving. The pH and temperature 
respectively measured in the process ranged from 3.0 to 5.0 and 
27℃ and 35℃. 

Extracting Bio-ethanol: The distillation apparatus were a Clamp 
and Triple-Stand, Beaker, Lie-big Condenser, Soxhlet extractor, 
Conical flask, Measuring cylinder, Rubber tubes, Burning plate 
and Running water (Figure 8). Foremost, a 250 mL of the ferment 
was poured into a conical flask, clamped and dipped into a beaker 
that had water on a burning plate ready for distillation. Next, a 
Lie- big condenser was (with water inlet and outlet rubber tubes) 
clamped and inserted into a Soxhlet extractor and to a conical 
flask. The burning plate was switched on, temperature adjusted 
and maintained at maximum of 360°C for it to heat water in 
the beaker. The mixture in the conical flask evaporated as heat 
increased and distillate collected in the soxhlet extractor. The 
volume was recorded next as it was transferred to a measuring 
cylinder, and the procedure was repeated several times for more 

Figure 3: Carbonization of Sawdust & Water Hyacinth.

 

Figure 4: Carbonized Sawdust &Water Hyacinth.

 

Figure 5: Hammer Mill and a Batch Mixture.

Figure 6: Agglomeration.

Figure 7: Drying Beds. 

Samples Ratio

Faecal matter-sawdust potassium chlorate 3:3:1

Faecal matter –sawdust 1:1

Faecal-matter-water hyacinth 1:1

Faecal-matter-water hyacinth 3:1

Table 1: Mixing Ratios.
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examined (Density, % volatile matter, % ash content, % fixed 
carbon and heating or calorific value) based on sample analysis of 
variance resulted in mean percentage volatile matter of 3.22 ± 3.11. 
Though FM-SD compared to FM -WH combinations had higher 
percentage of volatile matter as; FM-SD (5.68%), FM-SD & kclo3 
(4.70%,) and FM -WH (1:1 & 3:1-2.64% and 0.08%).

Ash content: the average ash content obtained from the briquettes 
was 13.90 ± 0.72, though the ratio of FM-WH (1:1) had the highest 
ash content value of 18.96%. This was significantly higher than 
FM-SD (1:1). FM-SD & kclo3 (1:1) and FM-WH (3:1) shown 
in Figure 10. Additionally, the ash content was tested (Table 
2) for presence of manganese, Lead and Nickel which could 
be harmful to the environment; with an Atomic absorption 
spectrophotometer (ASC-6100) and a graphite furnace automizer 
(GFA). According to food and agriculture (FAO) and World 
Health Organization (WHO) heavy metal regulation-Faolex, legal 
notice no.66/2003 the standard concentration of lead, nickel and 
manganese are respectively 0.061-0.461ppm, 0.150-1.031ppm and 
401.8-583.7ppm. These metals tests were done because of their 
diverse effects in environment such as brain development and 
nervous system, risk of high blood pressure and kidney damage 
to humans. Exposure of pregnant women to high levels of lead 
leads to miscarriage, still, premature and low birth weight as well as 
minor malformations. 

Heating and Calorific Values: The heating and calorific values 
from the FM–SD samples ranged from 122,422.31-127,445.85Kj/
Kg and for FM-WH ranged between 116,761.47-129,526.11Kj/Kg 
(Figure 11). The highest heating value was from potassium chlorate 
added material and the least was 1:1- ratio FM - WH. This shows 

bio-ethanol as time was recorded. It is worth noting that heating 
source changeable, as appropriate to solar for sustainability.

Bioethanol Test: The alcohol type test from water hyacinth was 
conducted at the JOOUST laboratory. Foremost, a 20 mL of bio-
ethanol solution was in a boiling tube, potassium dichromate 
solution added and the color recorded. Color of mixture as dilute 
sulphuric acid was added to the pre - warmed mixture, was noted. 
The effective cooking power was tested ordinarily by placing 250 
mL in a bio-ethanol cooker, 2L of water poured into a cooking 
vessel, 500 mL of milk added and the mixture heated. Comparison 
was also for time taken to cook the same amount of tea in an 
ordinary jiko to that on Bio- ethanol cooker. 

Producing Biogas

Slurry Addition and Gas Collection: Three digester types used 
were; Fixed Dome Bio-Digester (FDBD), Flexible Structure Bio-
Digester (FSBD) and a Simple Ordinary Drum Bio-Digester 
(SODBD). 

The FSBD (1 m3) at Kibuye in Kisumu City were fed with initial 
600 liters of market wastes slurry while those at Nyamasaria 
(Kisumu City -2.4 m3), with an initial 1500 liters. Respectively this 
left a space of 400 (33%) and 900 liters (37.5%) for gas and every 
week 100 and 300 liters were added. In the case of the SODBD, as 
75 liters of slurry poured through the inlet valve and closed, 25% 
space for the gas remained. The gas realization was to take between 
20-30 days after digestion (estimated). Close monitoring during the 
period was undertaken and especially for leaks. Every after 14 days 
a balloon was used for collecting gas volume produced for a test 
(first and second). A simple burning test carried out for the gas by 
opening the gas valve, lighting a matchstick and pointing to the 25 
mm gas outlet tube. 

RESULTS AND DISCUSSION

Briquetting:The Biomaterials and their bulk densities used in 
the study were; Faecal matter (FM - 490 kg/m3), water hyacinth 
(WH- 87 kg/m3) and sawdust (SD- 210 kg/m3). When these were 
briquetted by agglomeration to an average of 4cm diameter, the 
bulk densities changed with the Bio – material mixture (Figure 9) 
as; FM-WH (3:1–1036 kg/m3), FM-WH (1:1 -1024 kg/m3), FM-
SD & kclo3-999.41 kg/m3, and FM-SD (920.92 kg/m3). The raw 
materials significantly affected briquette densities for example 
particle size and moisture content, the smaller the particle size, the 
higher the density of the briquettes. 

The proximate and combustion properties of the briquettes 

Figure 9: Sample Densities.

Figure 10: Proximate Analysis.

 
Figure 8: Bioethanol Extraction Apparatus.
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that the heat value of sawdust added samples were higher to the 
water hyacinth samples. 

Ignition time: A Kenya Ceramic Jiko (KCJ) cook stove was used 
in determining the time required for a flame to ignite a briquette 
sample; the ignition time in a controlled condition with no wind 
but a well-ventilated area. The commonly (locally) used method 
(papers) at homes was also applied and the ignition time recorded 
by a stopwatch. The briquette sample with equal ratio of FM -Wh 
ignited faster than the (3:1) ratio, this could be because faecal 
matter is denser than water hyacinth. Figure 12 below thus shows 
that ignition time decreased with the decrease in the ratio of faecal 
matter. Briquettes made from FM-SD/Kclo3 had a low ignition 
time of 299secs (Table 3) compared to the other samples, while the 
3:1 FM –Wh samples had a high ignition time of 393sec (Table 
3). This confirms that Potassium chlorate reacts vigorously and 
spontaneously to ignite when mixed with combustible materials.

Burning time: Burning time of briquettes is the duration taken 
to bring one liter of water to boiling and is always affected by the 
material type (Figure 13). Likewise, the atmospheric pressure, 
altitude and amount of impurities affect the boiling point of water. 
It was thus determined as 940C at 1227m altitude, 0014’18” N 
and 34016’09” E during the month of February at Bondo in Siaya 
County. 

FM-SD-KCLO3 sample indicated the lowest burning time (1380.6 

sec), as faecal matter (3:1) for sample of water hyacinth showed 
the highest burning time (1891 sec). FM- SD samples indicated 
less burning time compared to FM-Wh, confirming that the 
determined high volatile matter content of FM- SD samples 
(4.10~5.68 %) compared to the low volatile matter content of FM-
Wh of 0.08~2.64% played a role. Those samples with high ratio 
of FM-WH (3:1) thus higher density (1036 kg/m3) with reduced 
porosity hence low oxygen infiltration with decreased burning rate 
and increased burning time of the briquettes. This compares well 
with the work of Chaney et al. [47], Sotannde et al. [48] and by 
Loo, and Koppejan [49], that states that volatile matter content 
influences the thermal behavior of solid fuels.

Burning Rate

The FM-Wh briquettes burnt faster than FM-SD since water 
hyacinth is less dense than sawdust and feacal matter (490 kg/
m3). Briquettes with lower density burn faster and is consistent t 
because high porosity allows oxygen to diffuse into the briquettes 
[47]. The burning rate measures the quantity of briquettes burnt 
in a given time. Faecal matter -sawdust-kclo3 briquettes had the 
highest burning rate of 7.278 g/min while Faecal matter-water 
hyacinth (3:1) had the lowest burning rate of 5.471 g/min (Figure 
14). The highest burning rate was obtained at high power cold start 
phase while the lowest at low power phase compared to low power 

Samples Lead actual conc.ppm Manganese (Mn)
actual conc.ppm

Nickel (Ni)
 actual conc.ppm

FM/SD/Kclo3 0.3526 36.1648 2.3712

FM/SD 0.1814 31.5590 1.2425

FM/WH (1:1) 0.4323 32.2784 2.6829

FM/WH (3:1) 0.5101 29.2941 0.9477

Table 2: Ash Content.

 

Figure 11: Heating Value.

Figure 12: Ignition Time.

Briquettes
Sample

Cold start Temp
(oC)

Room 
Temp (oC)

Ignition time
in min

Hot start
Temp (oC)

Simmering
temp before 45 min

Simmering Temp 
after 45 min

Faecal matter -sawdust-kclo3 29 31 4min
59sec

94 94 92

Faecal matter –sawdust 27 29 5min
51sec

94 72 78

Faecal matter-water hyacinth (3:1) 28.5 29 6min
33sec

94 83 80

Faecal matter -water hyacinth (1:1) 27 33 6min
15se

94 85 86

Table 3: Briquette Sample Characteristics.
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hot start phase. The potassium chlorate briquettes burned faster.

Specific fuel consumption: The average specific fuel consumption 
of three replications of water boiling test of the sampled briquettes 
at selected mix ratios ranged between (399.558-449.797) g/l for 
high power cold start, (480.7187-541.162) g/l for high power hot 
start and (603.25-679.105) g/l for low power phases as shown in 
(Figure 15). On average and on a decreasing trend, faecal matter-
sawdust -potassium chlorate had a higher specific fuel consumption 
compared to FM-Wh and to FM-SD samples. This is attributed to 
higher ignitability and low density of water hyacinth blend compared 
to sawdust blend. The specific fuel consumption decreased with 
increase in the faecal matter with higher calorific value compared 
to the water hyacinth and sawdust. Fuel consumption was more in 
the cold start than in the hot start as some heat warmed the cook 
stove and the surrounding. Specific fuel consumption was also 
higher in low power phase against the high-power phase for all the 
samples because the water was at a temperature as close as possible 
to 3oC below the boiling point for a long time (45 minutes).

Less mass of faecal matter -water hyacinth (3:1) brought the water 
to the boiling because of its high calorific value and density. The 
findings agree with that of Chinyere et al. [50], Abdul Rasheed et al., 
[51] and Oyelaran et al.,[52] that the low specific fuel consumption 
of biomass briquettes respectively could be as a result of high heat 
content, high density and that low power phase was higher than 
the hot power phase for groundnut shell briquettes.

Power Output

The average amount of energy released in burning FM-SD and 
FM-Wh in each phase of the three replications of water boiling 
tests at selected mix ratios respectively ranged between (10853.437-

15919.162 watts, in high power cold start,), (2005.856-3175.530 
watts, in high power hot start) and (1396.520-1623.754 watts, in 
low power phases) - (Figure15). The power output of the briquettes 
samples at the three phases considering the selected ratios 
depended on the type of feedstock used. Higher power output 
was with FM-SD and potassium chlorate briquettes than the other 
samples. Figure 16 below shows the combustion of the briquette 
samples in different Jiko stoves

Bio- Ethanol

Alcohol extracted from water hyacinth when tested; changed color 
from orange to yellow (Figure 17) and this indicated a primary 
alcohol type. Shown in Figure 19 is that day 1 - 2 was the maximum 
best time of bioethanol extraction from ferments of the water 
hyacinth. The amount extracted decreased drastically from day 
1 to day 7, as most likely the quantity of enzymes acting on the 
substrate, also decreased. Thus, the alcohol obtained burnt with a 
bluish flame and 100 ml of bio-ethanol was able to cook 3L of tea 
in 25 minutes. In comparison, the ordinary “Jiko” cooked the same 
amount of tea but within a period of 45 minute. This indicated it 
had the heating power.

Figures 17-19 shows the orange colour of alcohol with addition 
of potassium dichromate; the mixture of Alcohol and Patassium 
dichromate warming; and yellow colour of alcohol when was 
warmed and dilute sulphuric acid added (Figure 20).

BIOGAS

The Obunga Bio-Tower (FDBD in Kisumu City) used by the Peri 
Urban community within the vicinity of the facility, continuously 
fed the toilets that were with an output as in Table 4.

The estimated input of feacal matter to Obunga Bio-Tower was from 
cash income as in Table 4. In the first month of the three months 
(31, 30 and 31 days for the months) examined, the Bio-Tower 
generated an income of Kshs. 18,600, with an average number of 
42 long calls per day, according to the Bio-tower caretaker's. The 
second and the third month were respectively; Kshs. 17,450 and 
Kshs. 25,420 at 39 and 47 long calls per day. Every person as then 
assumed, produced 123.6 grams of feacal per long call or 0.12 Kg. 

Figure 13: Burning Time.

Figure 14: Phases Burning Rates.

 

Figure 15: Phases Power Output.

 

Figure 16: Combustion of Briquette Samples.



7

Aguko Kp, et al. OPEN ACCESS Freely available online

Int J Waste Resour, Vol. 11 Iss. 5 No: 41t

The amount of gas produced therefore averaged to 0.02 m3.

CONCLUSION AND RECOMMENDATION

In comparing the performance characteristics of rapid igniting 
briquettes with different ratios of FM-Wh and FM-SD, the type of 
feedstock affected the briquettes as was observed. Thus briquettes 
with equal ratio of FM and Wh (1:1) is a suitable alternative source 
of energy to charcoal/firewood because of high calorific value/heat 
value, though with higher ash content which increased burning 
time and decreased the burning rate. FM-Wh briquettes of ratio 
3:1 had high concentration of lead (0.5101 ppm) that could 
negatively affect the human health and safety. Potassium chlorate 
briquettes had high heat value, high specific fuel consumption and 
high power output. Emissions characteristics of the rapid igniting 

briquettes and water hyacinth blend though need further studies. 

Water hyacinth is a potential substrate for briquetting/Biogas/
bioethanol production in substituting fossil fuel energy sources 
and an innovative way of managing the invasion of the weed in 
freshwater bodies (Lake Victoria). This consequently permits a 
“productive fight” against the plant invasion, with use of other 
wastes (feacal matter, market waste such as Sawdust) that are 
continually increasing in the townships surrounding the Lake 
Victoria, Kenyan side; and by large the east African countries. 
Hyacinth is also a strong evidence on the state of fertilizer use 
in the Kenyan Lake Victoria water shed and therefore a need for 
development of value addition and sustainable (SDG’s) economic 
exploitation strategies.

Combination or single Biomaterials ratios are thus usable for 
briquetting, biogas and bio-ethanol production as case of water 
hyacinth, feacal matter and Sawdust. Potential Bio-materials in a 
region (for example sugar cane bagasse, market wastes, rice husks or 
stalks, saw dust and even switch grass and their economics should 
thus be researched (singly or in combination) for renewable energy. 
Large production quantities (briquettes, bioethanol and Biogas) also 
need bigger plants researched on, designed and constructed. The 
aspect of modelling the corresponding awareness creation (includes 
designs, policy reviews, enforcement, management and monitoring), 
also need to be determined to help in achieving the SDG’s. 
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