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Abstract— At present, much attention is on how to find the 

appropriate and proper renewable energy source which will 

offer sufficient energy output to replace the use of conventional 

fossil fuel sources. The energy stored in various biomasses 

available in Tanzania is huge and can provide sufficient energy 

to supply the rural societies. The energy crises facing rural 

societies in Tanzania can be solved and minimized by proper 

harnessing the substantial biomass available in the Country. The 

energy conversion process from the biomass and the type of 

energy required plays a vital role in identifying the type of 

biomass required in the process. The objective of this paper is to 

address different types of energy from various biomass sources, 

highlight the challenges and impact of each type. 
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I. INTRODUCTION 

Biomass is any plant or animal-derived organic matter 

available on a renewable basis which can be used for the 

generation of various forms of energy [1]. There are many 

forms of biomass, but it can be classified according to its end 

use biomass required such as fuel biomass, feed biomass, 

organic fertilizer, and/or chemical biomass [2]. The method of 

the biomass conversion process will depend on the type of 

biomass. The byproducts of biomass have produced urban 

MSW [3] which caused environmental degradation in most 

cities of Africa due to poor solid waste management. It is 

further emphasized that energy recovery from these resources 

and other MSW has the potential to alter this situation and 

hence converting what would otherwise be waste into a high-

value product [1].  

For the proper utilization of biomass resources, it should be 

therefore converted to energy which can lessen a substantial 

amount of the country’s demand. Plants and other forest 

residues can be converted into energy in the form of heat or 

Electricity through the incineration process [4]. The 

production of biofuel such as ethanol can be done by the 

fermenting a plant matter and then burnt alone or in 

combination with other conventional fuels for purposes such 

as heat generation for cooking and provision of a mechanical 

drive for the generation of electricity [5-8]. Ethanol is a grain 

alcohol that can be blended with gasoline to be used in motor 

vehicles, tractors, and combined harvesters. The 

decomposition of organic matter by microbial action produces 

biogas which can be used for cooking [9-11]. 

In the conversion processes, environmental, economic, and 

social challenges cannot be ignored [12]. When biomass is 

burned it produces the same emissions as those given out 

when fossil fuel burned [13]. Growing biomass captures 

carbon dioxide out of the air so that the net contribution to 

global atmospheric carbon dioxide levels is lessened [1]. The 

process of growing biomass is subject to the same 

environmental concerns as any kind of agriculture since it uses 

a large amount of land, fertilizers, and pesticides for cost-

effective growth [14]. Biomass which originates from a 

byproduct of agriculture has some advantages compared to 

others even though this kind of biomass is returned to the soil 

as a fertilizer [15].  

The production of biomass will keep the society busy in a way 

that will participate in many production activities, and hence 

learn waste management [16]. On the other hand biomass, 

production creates employment [17], generates income and 

energy services that would otherwise not be available, and 

therefore improve the standard of life for poor society [18, 

19]. The aim of this paper is, therefore, to discuss biomass 

from cassava, sugarcane, rice husk, and cow dung for the 

production of fuel. 

II. FUEL BIOMASS FROM CASSAVA 

As an energy source, biomass can either be used directly via 

combustion to produce heat or indirectly after converting it to 

various forms of biofuels. Conversion of biomass to biofuel 

can be achieved by different methods such as thermal, 

biochemical, and Chemical [12, 20]. Fuel biomass consists of 

various chemical energy sources in the form of solid, liquid, 

and gaseous which is obtained when plants and animal 

materials are processed [21, 22]. When these fuels are ready-

made, they can be used alone or in combination with 

conventional fuels for heat and electricity generation. Ethanol 

is among the biomass liquid fuel, manufactured by microbial 

conversion through fermentation by three main stages, the 

conversion of biomass to sugar, fermentation of sugar to 

ethanol, and purification of the ethanol [23]. Other types of 

biomass fuels are such as biogas obtained from waste and 

putrefaction of plants and animal matter in lands and also 

biogas formed by the decomposition of organic matter through 

microbial actions [23, 24].  

The bias towards cassava for this study is because of its huge 

availability throughout Tanzania. Cassava is cultivated and 

produced in all regions of Tanzania [25]. The main producing 

areas are Mwanza, Mtwara, Lindi, Shinyanga, Tanga, 

Ruvuma, Mara, Kigoma, Coast regions, and most regions in 

Zanzibar [26]. Cassava is an important subsistence food crop 

in Tanzania, especially in the semi-arid areas and sometimes 

considered as a famine reserve when cereals fail due to its 
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drought tolerance [27, 28]. Cassava utilized as human food, 

starch making, livestock feed, and export [29]. Both roots and 

leaves of cassava are of major nutritional importance [30, 31]  

At present, the largest part of ethanol production in Tanzania 

is from petrochemicals, which has the undesirable effect of 

tasking the nation’s crude reserve even more. Looking for the 

alternative such as cassava is, therefore, an appropriate 

opportunity [32]. This would have the desirable effect of not 

just reducing the dependence on petroleum fractions for the 

production of ethanol, but also create employment in the rural 

areas where cassava is cultivated [32, 33]. The financial 

benefit to cassava farmers needs to be uplifted. Cassava has 

been used for the production of food in most parts of 

Tanzania, mainly “Ugali” and “Kisamvu”. Cassava pieces are 

roasted and used with tea for breakfast. Using cassava for the 

production of ethanol will uplift the competition with other 

users. Globally it has been discussed that the share of biofuels 

has increased moderately, as well as the production of 

biomass yield and so there will be no great impact on demand 

[34]. The process will decrease the energy poverty but for 

poor developing countries where the production of biomass is 

still dormant the possible risk is that there will be less cassava 

for food and cost for cassava as food will overshoot than 

expected and the life for poor Tanzanian may be seriously 

interfered [35, 36]. 

Besides, as the use of cassava for the production of ethanol 

will no doubt increase the demand for cassava, may turn 

cassava into a very profitable cash crop than it is at present, 

and because of this, farmers may dispose of the cultivation of 

other crops and invest much of their times in it, disrupting 

food supply in the country. The Government is supposed to 

make sure that effort at encouraging a biofuel enterprise of 

this nature is done alongside measures that ensure it does not 

affect the cultivation of other food crops in the country. Such 

measures no doubt will include engaging farmers on the need 

to give equal interest to the cultivation of food crops the same 

with cassava, subsidizing food crop production by providing 

farmers with seedlings, farm implements, fertilizer, and 

finance to make them grow food crops equally.  

However, in the process when biomass is converted into 

energy such as heat, it produces several emissions 

characteristic as those produced when using fossil. Regrown 

biomass removes carbon dioxide from the atmosphere, leaving 

nature unbiased [37], the greatest benefit from ethanol 

production using cassava enhances the reduction of the 

demand in fossil fuels [38]. The costs of extracting fossil fuels 

are higher as fossil fuel has to be extracted from the ground or 

underwater before it can be processed into a useful portion 

[39].  

In comparison, considering the processes of extracting ethanol 

from cassava and petrochemicals from petroleum and then to 

ethanol, substantial energy savings could be implied by the 

former which also has the added benefit of being able to 

extend the longevity of the crude reserve.  It is the fact that 

biomass in the form of ethanol represents stored energy that 

can be used both in generating electricity and can be used in 

other important sectors [40]. In either case, there will be more 

funds increased to the government in taxes on products. 

Moreover, petrochemical and pharmaceutical enterprises use 

ethanol, and a boost in its production no doubt will enhance 

activity in those areas of the economy, with more jobs and 

more money added to the economy in the Country. 

III. BIOMASS ENERGY FROM SUGARCANE 

It is a perennial tropical grass with tall stout jointed stems 

from which sugar is extracted [41]. When growing, sugarcane 

converts sunlight into chemical energy which stores inside the 

plant [2]. Each of the following main plant components 

contains approximately one-third of its stored energy [1]. 

A. Juice - The sweet liquid inside sugarcane stalks 

containing sucrose used to provide     Sugar. 

B. Bagasse - is the fibrous matter that remains after 

sugarcane is crushed to extract their    Juice. 

C. Straw - The tops and leaves of sugarcane stalks. 

Sugarcane production in Tanzania is concentrated mainly in 

Morogoro, Kagera and Kilimanjaro regions. Currently, there 

are four main sugar estates in Tanzania including Kilombero 

and Mtibwa in Morogoro region, TPC in Kilimanjaro region, 

and Kagera in Kagera region with more than 35,000 hectares, 

Fig. 1 is the portion of sugar cane plantation at Mtibwa [42]. 

Almost all of the sugar produced in the country is for home 

consumption [43]. 

 

 
Figure 1: Sugarcane plantation at Mtibwa farm estate, Morogoro 

 

Harvesting is done manually where the cane field is burnt to 

eliminate the straws. Another purpose of burning is to drive 

away snakes and potentially poisonous animals. This process 

leads to the destruction of one-third of the energy content of 

sugarcane [44]. The majority of emissions indeed come from 

the burning of the sugarcane field during the harvesting. It is 

estimated that straw can be burned alongside bagasse in high-

efficiency boilers to produce bioelectricity [3]. For every 100 

tons of Sugarcane crushed, a sugar factory produces nearly 30 

tons of wet Bagasse [45], which is used as a primary fuel 

source for Sugar Mills [46]. It produces sufficient heat and 

electrical energy to supply all the needs for typical Sugar mill, 

with energy to spare. 

The sugarcane juice is a major source of both sugar and 

ethanol. Ethanol is commonly used to produce a biofuel called 

bioethanol. A most important benefit of bioethanol for the 

environment is its ability to be carbon neutral on a lifecycle 

basis [47]. The carbon dioxide emitted during its use is offset 

by the absorption from the atmosphere during expansion. 

Compared to gasoline, ethanol cuts greenhouse gases by at 

least 60% [48]. The production of biofuel ethanol can 

significantly replace the use of fossil fuel [49]. Ethanol is a 

grain alcohol that can be blended with gasoline and used in 

motor vehicles [50, 51]. However, it has been employed 

successfully as fuel for vehicles in its pure form [51]. 
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Bioethanol has been used successfully in countries like Brazil, 

U. S, in Europe and many other developed countries [52]. 

Tanzania’s dependence on fossil fuel can be reduced by the 

use of ethanol. Sugarcane ethanol is one more option for 

diversifying energy supplies and improving energy security. 

The Country has enormous uncultivated lands in regions 

which suits perfectly the farming of sugarcane. Some of the 

regions where sugarcane can be cultivated successfully 

include Kagera, Tanga, Pwani, Kilimanjaro, Arusha, 

Morogoro, Mbeya, Katavi, Mtwara, Lindi and Zanzibar. It is 

possible to increase the amount of land for sugarcane 

cultivation for biofuel production in Tanzania without 

decreasing food production. 

Bioelectricity also has a low environmental impact [53, 54]. If 

Mechanized farming is employed to remove the straw will 

help to reduce air pollution. The proper location of bioelectric 

plants will create employment opportunities in parts of the 

country where these production plants are located. Inclusively, 

it will reduce the high rate of rural to urban drift as well as 

contribute significantly to the socio-economic development of 

the country. The main problems that face the use of sugarcane 

as a source of energy are its usage for sugar production, its 

seasonal nature and decrease in biodiversity [55-57]. Other 

problems include the fact that sugarcane cultivation puts a 

high demand on the farm because of the use of heavy 

machinery [58]. Formulation of policies should be done to 

balance off the cultivation of sugarcane and other food crops 

to discourage farmers from sacrificing food crops for biofuel 

which will increase food prices around the Country. 

IV. BIOMASS FROM RICE HUSK 

Rice husk is an agricultural residue available in many parts of 

the country. Tanzania has a large scale production of rice in 

East Africa [59]. Rice is one of the crops that have been 

largely used as staple food the second in consuming after 

maize. It is cultivated in many parts of Tanzania mainly in 

Morogoro, Tabora, Shinyanga, Mbeya, Kilimanjaro, Arusha, 

Manyara, Pwani, Mwanza, Rukwa, Geita and other areas with 

small scale production [60]. Rice husk dumps are increasing 

in alarming proportions in these regions. If the local 

production is increased, it will increase rice processing wastes 

such as rice straw and husk. Disposing and abandoning the 

rice husk dumps is urgently necessary because of the negative 

environmental impacts it possesses to the people and their 

surroundings. In an attempt to dispose of rice husk and rice 

straws (Fig. 2), most communities set the rice husk dumps on 

fire, unfortunately, a small amount of rice husk takes months 

to get burnt to ashes. Even when burnt to ashes, it is still an 

eyesore in the communities, especially during the rainy 

season. 

 
Figure 2: Rice husk and rice straws dump on open burning 

 

Setting rice husk dumps on fire causes air pollution and 

accumulation of ash. Therefore, there is a need to urgently 

remove these dumps from communities. Rice husk which is 

the main by-product of rice processing has been identified as 

one of the potential biomass-based energy sources for power 

generation [61]. According to Ame-Oko et al., the calorific 

value contained in rice husk is about 13.64 MJ/kg and 15.84 

MJ/kg and therefore energy can be recovered from this 

resource [62]. Electricity generation can be achieved with the 

use of rice husk gasifier coupled with a modified internal 

combustion engine that drives a generator. Rice husk in 

gasifier can be converted into fuel gas under high temperature 

in an atmosphere of about 1% oxygen [63]. 

The synthesis gas (syngas) produced can be used directly in a 

gas-powered plant to generate electricity which will be used in 

the rice mill and the local population (Eric, 2008). The 

benefits of energy generation from rice husk include reducing 

the demand and increasing security of electricity supply, 

serving as a more purposeful way of disposing of the 

agricultural waste, rice husk ash which is the by-product of 

rice husk power plants can be used in the street and local road 

maintenance [64, 65], improving employment opportunities 

for the local population and reducing the environmental 

pollution caused by open burning of the rice husk. 

V. BIOMASS FROM ANIMAL WASTE - COW DUNG 

Animal waste pollutes the environment. The uncomfortable 

smell near the cattle and poultry farms testifies to this. It does 

not only affect the air quality but also pollutes the land and 

river, hence affecting aquatic life. Fig. 3 shows cow dung 

which is among the common animal waste from one of the 

Maasai homes. The Maasai is a tribe found in East Africa, 

Tanzania, and Kenya. Converting animal waste to energy, 

therefore, will not only provide alternative and renewable 

energy but will help clean up and provide a healthy 

environment. Animal wastes include poultry droppings, cow 

dung, etc. In this paper, cow dung is discussed. 

 

 
 Figure 3: One of the Maasai home surrounded by a cow and a 

dung 

 

The use of biogas technology to convert animal waste into 

energy helps improve the quality of life and health [66]. 

Biogas is produced either by anaerobic digestion or 

fermentation of biodegradable materials. The gas contains 

mainly of methane (CH4) and carbon dioxide (CO2) with a 

small amount of hydrogen sulfide and moisture [67]. The 

biogas mitigates a wide range of environmental pollutions, 

provides high-quality organic fertilizer, it serves for cooking 

or electricity generation thus reducing demand for fuel wood 

and charcoal for cooking. It improves water quality and 

mitigates greenhouse gas emissions. Cow dung is usually 

found in large farms in places where the cows are confined. 

Huge deposits of dung and other animal waste products are 

also available in abattoirs. These large abattoirs usually sited 
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in the outskirts of every major town in Tanzania will 

guarantee the availability of large deposits of cow dung.            

According to [1], a success story of Cows to Kilowatt is found 

in Ibadan, Nigeria. The project where a unique anaerobic fixed 

film reactor that treats slaughterhouse waste on-site, producing 

commercial quantities of organic fertilizer and captures the 

potent methane which can be used to generate electricity “at 

the rate of 1000 slaughtered per day, the plant would generate 

3,600KWh of electricity” or used as cheap cooking gas. The 

project brings together three main points of sustainable 

development: economic efficiency, social collaboration, and 

protection of the environment. Economic efficiency, in the 

sense that it provides cheap gas, cleans organic fertilizer and 

employment for community members. Social collaboration in 

that the community learns about waste management, healthy 

living and protection of the environment from greenhouse 

gases and water pollution. Also, the provision of cheap 

cooking gas will decrease the use of fuel wood and charcoal 

for cooking, therefore, reducing deforestation. The advantage 

of biomass from cow dung is that cow dung is not seasonal. 

Cow dung does not reduce food supply rather it enhances 

healthy food production by the provision of organic fertilizer. 

VI. CONCLUSION 

This paper has discussed in various ways biomass energy can 

be generated in Tanzania to supplement the energy from fossil 

fuel. These include biomass energy production from cassava, 

sugarcane, rice husks and cow dung. The major advantages of 

employing biomass from these resources include social 

collaboration, ease of maintenance, economic and energy 

security benefits as well as enhanced environmental 

friendliness over fossil fuel use. With increasing biomass 

development, farmers gain valuable new markets for their 

farm residues.  

The main barrier is the localization of most of this biomass in 

different parts of the country. This can be overcome by 

localizing the plants that utilize each biomass resource for 

energy generation. To promote the mechanism and use of 

biomass, there is a need to advocate policies to strengthen 

energy institutions. In this regard, the identification of 

organization or agencies in central Government and Local 

Governments levels that will be charged with the 

responsibilities of ensuring the full implementation of these 

policies. 
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