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_____________________________________________________________________________________________ 

Abstract  

This paper presents the study of municipal solid waste (MSW) as a potential source of renewable energy in Arusha 

city. The city of Arusha annual average MSW generated was estimated at 43,772 tonnes.  Characterization revealed 

the main components of MSW to compose of biomass materials such as food, paper and wood waste. Based on the 

characteristics of the MSW, evaluation was conducted to determine energy potential that would be recovered. 

Results from proximate analysis of MSW samples showed average calorific value of about 12MJ/kg which indicate 

annual energy potential of 128.9 GWh. Results indicate there is a substantial energy potential to recover from MSW 

the largest share being renewable energy. The composition of waste from developing and developed countries was 

further compared with that of Arusha city. Results indicated that in developing countries characteristics of MSW is 

mainly composed of food waste as was the case of Arusha city.  
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1. Introduction 

The utilization of fossil fuels has been practice for many years as a source of energy, this utilization produce 

greenhouse gases such as CO2, SO2, NOx and other pollutants which increase global warming and acid rain. The 

fossil fuel resources are depleting while the consumption is increasing. This environmental effects and fossil 

depletion necessitates the effort in invention of alternative source of clean and renewable energy [1].   

Fossil fuel is coming from buried underground biomass deposits contains carbon which was locked for about 

200 million years ago from the atmosphere. When combustion of fossil fuels occur the carbon react with oxygen to 

form CO2 and releases to the atmosphere. The global concentration of CO2 by May 2014 was 401.88 ppm. This is 

higher than the upper safety limit for atmospheric CO2 which is 350 ppm [2]. The CO2 released from combustion of 

fossil fuels add up to the CO2 concentration of atmosphere. The CO2 in the atmosphere infuse heat radiating from 

the surface that would leak into space and radiate it back to the surface, thus raising the global surface temperature 

[3, 4]. 

The sustainable development and economic growth poses a big challenge to environment such as greenhouse 

gas emissions, resource consumption and massive waste generation [5]. This economic development, enhance the 

growth in population, urbanization and industrialization and so increase the energy demand [6]. The prosperity and 

high quality of human life caused by these developments has also increase per capita solid waste and the rate of 

municipal solid waste generated from country to countries [7].  

Satisfying energy demand through the use of renewable energy sources is the main agenda nowadays because 

of the fossil fuel depletion and environmental issues. Municipal solid waste is the result of human activities which if 

an appropriate management system isn’t used it may well lead to environmental pollution and endanger mankind’s 

health. The massive municipal solid waste generations increases can be taken as an opportunity as source of energy 

for power generation or industrial use. Municipal solid wastes in developing countries are composed by a big 

portion of biomass materials such as food, paper and wood waste. The non-recyclable combustible materials from 

municipal solid waste can be used for energy recovery as they can reduce the utilization of fossil fuels thus assisting 

in minimizing global warming [8]. The studies show that the recovering energy from municipal solid waste can be a 

better way of managing environment from pollution caused by municipal solid waste disposal Technologies [9]. The 

emission of CO2 coming from biogenic combustion of municipal solid waste is renewable and reduce the global 

warming because it completes the carbon cycle as it does in biomass [10, 11]. 

The main objective of this paper is to study the potential of municipal solid waste as source of renewable 

energy. The analysis of generation capacity and composition of Municipal solid waste will be main focus to 

establish the amount of energy that can be recovered from Municipal solid waste. 

 

2. Method of waste disposal for energy recovery. 

The energy from waste can be directly derived. Waste can be converted into biogas, syngas or heat. The 

technological methods in converting energy from waste can be physical, thermal or biological. These technologies 

are easily outlined in Figure 1 
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.  

Figure 1: Technology tree, methods of waste disposal for energy recovery 

 

2.1 The physical process  

The physical process of waste is when waste processed mechanically to produce more suitable forms for use as fuel. 

Examples are pellets, wood briquettes and wood chips.  

2.2 The thermal methods 

The thermal method of waste treatment is by using heat of combustion to treat waste in the following processes: 

2.2.1 Direct combustion Incineration or mass burn.  

The heat from the combustion can be used to change water into steam and utilize the steam to run steam turbine for 

power generation. 

2.2.2 Pyrolysis 

Pyrolysis used to break down the material in the absence of oxygen to produce combustible gases, liquid and 

solid residues. The products from pyrolysis are such as methane, hydrocarbons, hydrogen and carbon monoxide.  

2.2.3 Gasification and plasma arc gasification 

Gasification takes place in the limited amount of oxygen. Plasma arc gasification is the using a plasma arc 

torch to produce high temperature arc that breaks down waste and forming syngas and slag. The gas produced can 

be used to heat up boiler for heat generation or they can be used in combustion through internal combustion engines 

[12, 13] 

2.3 Biological method. 

Biological method is the technology of using microbes to produce fuel from waste.  

2.3.1 The biogas 

This is the process of using anaerobic digestion to produce gas. The waste is placed in the air tight digester 

container. The biogas can then either be burned directly in boilers or used as natural gas [11]. 

2.3.2 Fermentation 

By using yeast the biomass fraction of municipal solid waste can be fermented to generate ethanol which can 

be used to run internal combustion engines [14]. 
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3. Material and methods 

3.1 Materials: 

The municipal solid wastes from Arusha city were used as raw materials .The equipment and tools used are 

according to regulated standards. 

 

3.2 Methods:  

The methods of waste flow analysis and waste composition analysis will be done by using standard operating 

procedure  

 

3.2.1 Analysis of waste flow of Arusha 

The quantity of waste generated monthly at Arusha was recorded daily by the office of City Health officer. The 

recorded data were analysed for studying purpose. The data for consecutive 3 years were collected and analysed.  

 

3.2.2 Waste composition analysis of Arusha 

The case study was done by sorting waste as they received from waste collecting centres of Kaloleni, Sakina and 

Central market within the Arusha city. The waste were then sorted to categories and weighted. The work continued 

for five consecutive days. The percentage composition of the complete waste data for the whole period was 

calculated. The result was taken as the sample for Arusha city. 

 

3.2.3 Waste composition from various countries worldwide 

The waste compositions from various countries were recorded randomly grouped in 3 categories. The lower income 

countries, middle and higher income countries. The results were tabulated in table 1 

 

3.2.4 Proximate and ultimate analysis of Arusha waste.  

The laboratory analyses for proximate and ultimate values of Arusha waste were taken from the work done and 

published earlier by Omari et al., [15].  

3.2.5 The energy content analysis 

The energy contents analysis of the waste was studied using bomb calorimetry type wagtech Gallen kamp Auto 

bomb. The bomb fired and after the temperature stabilization, the difference were noted and recorded. The calorific 

value of the municipal solid waste was calculated according to ASTM D240 standard method [16]. 

 

4. Results and Discussions:  

4.1 Waste flow analysis. 

 

Figure 2: Waste generated and collected per month. 
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Figure 2 and Figure 3 show the average summary of the total waste generated within Arusha city for 

consecutive 3 years between 2010 and 2012. These wastes are estimated to be about 20% of the total waste 

generated in Arusha. The big portions of waste are generated in March and July. This may be caused by year 

seasons. March is in a rainy seasons while July is the harvesting time. The value seems to be constant, this may be 

caused by the capacity of city trucks which can handle and dispose waste to Murriet dumpsite at an average mass of 

about 100 and 120 tons daily. 

 

 

Figure 3: Arusha waste generation, monthly fraction contribution for one the year 

 

 

Figure 4: Waste composition of Arusha, Tanzania 

 

Figure 4 shows the municipal solid waste composition of Arusha city. The ratio of the composition is taken 

based on the mass of the waste. The composition of garden and wood waste is 30%, food waste 37%, Papers 11%, 

plastic 7%, glass 4%, metal and tin 1%, textiles 2% and ash 8%. The composition for combustible waste totalize to 

87% while non-combustible waste composition is 13%. The combustible waste fraction has 89.7% biodegradable 
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and 10.3% non-biodegradable waste. This implies that the waste of Arusha can be recovering its energy by either 

thermo or non-thermo degradation technology. The recover technology which recovers materials and energy from 

waste, the energy would otherwise be dispose-off to the dumpsite. By recovering of these waste, the released of 

greenhouse gases to the atmosphere will be minimized.  

 

4.2 Waste composition  

Table 1: Waste composition in various countries: 

Country 

Composition 

Source 

Combustible waste 
Non-combustible 

waste 
F
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India 42 30 10.4 7 5 1.5 4.1 [17] 

Nepal 60 7.5 12 12 1.3 6.7 0.5 [18] 

Thailand 42.7 12.1 10.9 7.3 6.6 6.9 3.5 [19] 

Gaza strip 54 10 12 0 3 18 3 [20] 

Malaysia 61.5 16.5 15.3 1.9 1.2 0.4 0.3 [21] 

Bangladesh 68.3 10.7 4.3 2.2 0.7 - 2 [22] 

Indonesia 70.2 10.9 8.7 6.2 1.7 - 1.8 [23] 

S. Korea 32.8 23.8 0 40.6 2.8 - 0 [23] 

Philippines 49 19 17 9 - - 6 [23] 

Poland 35 18 11 20 12 - 4 [23] 

China 67.3 8.8 13.5 4.5 5.2 - 0.7 [23] 

 Average 53 15.2 10.5 10.1 4.0 6.7 2.4  

H
ig

h
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n
co

m
e 

co
u

n
tr
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s 

Turkey 43 7.8 14.2 23 6.2 0 5.8 [24] 

Japan 34 33 13 12 5 0 3 [24] 

USA 13.9 28.5 12.4 8.4 4.6 19.8 9 [5] 

UK 17.3 21.4 8.8 3.3 9 26.6 4 [5] 

Greece 42 21 11 17 5.4 0 3.6 [5] 

Germany 21 31 10 17 16 0 5 [5] 

Denmark 39 23 7 21 6 0 4 [5] 

Russia 34.9 15 11.3 4.8 13.7 15.1 4.7 [3] 

France 24 26 13 19 14 0 4 [5] 

 Average 29.9 23 11.2 13.9 8.9 6.8 4.8  
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Tanzania 37 11 7 2 4 8 1 - 

Kenya 52 17.3 11.8 5.1 6.7 2.4 2.8 [25] 

Uganda 37.8 6.7 7.8 1.3 0.7 33.6 0.8 [4, 25] 

Algeria 62 9 12 0 1 0 2 [1] 

Nigeria 47 6 10 7 7 18 5 [26] 

Ghana 73 6.6 3.3 2.2 1.5 11.2 2.1 [27] 

Average 51.5 9.4 8.7 2.9 3.5 17.2 2.3  

 

Table 1 shows the comparison of waste generated from other countries with Arusha municipal solid waste.  

The waste compositions are categorized to low income countries, middle income countries and higher income 

countries. The results showed that there is a slightly difference between Tanzania and other countries.  From middle 

and lower income countries much waste was dominated by food waste with higher portion from Indonesia followed 

by Bangladesh, China and Algeria. South Korea followed by Poland, Thailand and Indonesia have a big portion in 

textile wastes while plastic waste is dominated by Malaysia followed by China and Thailand. In comparisons with 

high income countries, such as United States of America, Japan and United Kingdom, paper is dominating the waste 

composition followed by food waste, textiles and plastics. In low income countries the waste from Nigeria, Kenya, 

Algeria and Ghana contains more food waste than others while wood and yard waste has higher portions in Tanzania 

and Uganda. Glass wastes have a big portion in Kenya and Nigeria wastes. Comparing the waste composition by 

average of each group we found that food waste is generated more in middle income countries followed by low 

income; textile waste is very little in low income countries while glass waste and papers are much higher in higher 

income countries. Yard and wood waste are more in higher and lower income countries. In general combustible 

waste has an average of 89% at middle income countries, 78% in higher income countries and 73% in lower income 

countries. Despite of the average waste for energy recovery from lower income countries to be lower than higher 

and middle income countries, the percentage of waste available for energy recovery is more than higher and middle 

income countries, this is caused by poor recycling technology. 

 

4.3 Proximate and ultimate analysis of Arusha waste 

 

Table 2: Proximate, ultimate analysis and HHV of Arusha municipal solid waste 

Proximate analysis 

Location 

Moisture of 

received 

MSW (wt. %) 

Volatile 

(wt.%) dry 

basis 

Ash 

(wt. %) dry 

basis 

Fixed carbon 

(wt. %) dry 

basis 

HHV 

(MJ/kg) 

Kaloleni 59.67 74.43 8.16 17.41 11.90 

Sakina 63.99 84.00 10.00 6.00 11.37 

Central market 55.70 78.30 13.48 8.22 12.76 

Average value 59.8 78.9 10.5 10.5 12 

Ultimate analysis 

Location 
C 

(wt. %) 

H 

(wt. %) 

O 

(wt. %.) 

N 

(wt. %) 

S 

(wt. %) 

Cl 

(wt. %) 

P 

(wt. %) 

Kaloleni  55.57 5.34 34.88 2.09 0.31 0.04 0.10 

Sakina 55.70 5.29 34.27 2.13 0.22 0.07 0.13 

Central Market 53.20 5.24 34.71 2.86 0.37 0.04 0.11 

Average value 54.8 5.29 34.6 2.36 0.3 0.05 0.1 

          Source: [15] 
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4.4 Calorific value and energy recovery from  municipal solid waste 

The value of energy released as shown in table 2 shows that the value obtained is about 12MJ/Kg. The energy 

value was obtained using the bomb calorimeter this is the energy containing in municipal solid waste in dry basis. In 

this case the energy of 1kg municipal solid waste is equivalent to energy of 1.60 kg of net municipal solid waste. 

This is because 60% of moisture is taken out during bomb calorimetry. The moisture of 0.60 kg requires 1.411MJ/kg 

to dry municipal solid waste. This energy ultimately should be obtained from 12MJ/kg. The balance of 10.6 MJ/kg 

is the energy that one would recover per kg of dry municipal solid waste from the municipal solid waste energy 

conversion. For the case studied, the total waste generated is about 43772 tons of waste per year. This is equivalent 

to energy equivalent to 128.9 GWh.     

 

5. Conclusion and recommendations 

This paper presents a report on waste quantity and quality for energy recovery. 

 Precise measurement of waste generation, its composition characteristics and availability is important in waste 

management plans. This study covers only Arusha city. The more research should be covered to the whole of 

Tanzania.  

 The energy contents in the municipal solid waste is about 30% of the energy contain in coal and about 67% of 

energy contains in pure biomass. Utilization of waste from energy can be useful in energy recovery and to the 

environment. 

 The waste generated and its composition analysis can help in decision making on which method of energy 

recovery can be utilized. For waste with a big portion of organic waste the composting or incineration can be 

utilized while the presence of large recyclable waste pinpoint the possibility of material recovery from 

municipal solid waste. For the waste with a big fraction of construction waste there is a possibility of utilizing 

waste material in road construction works.  

 For every kg of dry municipal solid waste thermal energy recovery of 10.6 MJ/kg is expected to realize. 
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