
www.ijcspub.org                                                      © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1166 International Journal of Current Science (IJCSPUB) www.ijcspub.org 480 
 

ANALYSIS OF EXHAUST GAS FROM COAL-

FIRED BOILER AT AGRO-PROCESSING 

INDUSTRIES: CASE OF DASH INDUSTRIES IN 

ARUSHA, TANZANIA 
1Jafari S. Mwanza, 2Castory A. Mkumba, 3Yusuph B. Mhando 

1Lecturer, 2Assistant Lecturer, 3Lecturer 

1Department of Mechanical Engineering 
1Arusha Technical College, Arusha, Tanzania 

Abstract  

One of the most effective methods towards improving the environmental safety of exhaust gases from the 

industries is the regular analysis of the exhaust. The analysis ensures determining the pollutants from exhaust 

gases whether relying on the standards or deviate causing harmful to people and environment. This paper focused 

on mitigating the environmental problems of pollution emissions caused by agro-industry coal-fired boiler. The 

study findings obtained through observation and experiment reveal that the effective maintenance management 

practice for the coal fired boiler enables to preserve the environment. The study suggests that industrial 

developments without environmental consideration are generally regarded as one of the primary cause of 

environmental dereliction and exhaustion of natural resources base. 

 
Index terms - Coal fired boiler, environment, exhaust gases, maintenance, pollutants  

 

1. Introduction  

Agro processing industries (API) generate different kinds of wastes that some of them can be hazardous to the 

environment. Therefore, protecting and safeguarding the environment as the government is implementing the 

industrialization agenda is important.  The industrialization agenda will be achieved if stakeholders take necessary 

measures to make sure that industries established are sustainable, that they are established through adherence to 

Environmental Impact Assessment (EIA) and that environmental issues are incorporated in the business plan. 

National Environment Management Council (NEMC) (2017) ensures that these industries need also to have good 

practices and systems for managing wastes to meet Tanzania standards and that they do not cause harm to people’s 

lives and the environment. Thus, the consideration of assorted industrial activities require interventions that 

promote efficiency use of resources and protection of the environment. 

 

The emission of pollutants which results from burning fossil fuels has been identified as the major contributor 

to global warming and climate change. In fact, poor air quality is one of the most important environmental issues 

in all over the world today. Therefore, with industrialization, it is important that measures to reduce, control, and 

prevent industrial pollution need to be strengthened. The aim of this study was to mitigate the environmental 

problems of pollution emissions caused by agro-industry coal-fired boiler. This is in line with NEMC regulations 

which require all industries in the country to produce quality products in environmentally friendly manner. The 
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rest of the paper presents a literature review, methods, results, discussions and conclusions sections to summarize 

the themes and main contributions of the study. 

 

2. Literature Review 

2.1 Overview of the country’s economy 

The economy of the United Republic of Tanzania (URT) depends on climate sensitive sectors that have 

significant contribution on employment and the Gross Domestic Product (GDP). Largely, the economy depends 

on agricultural raw materials. This means that the industrial sector is exposed to the impacts of climate change 

(URT, 2021). It has been observed that the costs associated with climate change impacts in the country’s 

development about 1% to 2% of the GDP per year (URT, 2021). Currently, most industrial developments in 

Tanzania are from light manufacturing industries such as small and medium scale agro-processing industries. 

Tanzania is one of several developing countries committed to combat the effects of climate change. The impacts 

are more pronounced in poor countries such as Tanzania with the least adaptive capacity (URT, 2012). According 

to the Annual report of The Bank of Tanzania (BoT) (2021), Tanzania continued to record positive economic 

growth, despite the challenges posed by the pandemic. For instance, in Tanzania mainland, the real GDP growth 

was 4.8 percent in 2020 as compared to 7 percent in the year 2019, avoiding a recession.  

 

Arguably, Tanzania is one of the several developing countries committed to combat the effects of climate 

change. However, the impacts are more pronounced in poor countries such as Tanzania with the least adaptive 

capacity (URT, 2012). Therefore, the Government continues to strengthen the systems of environmental 

protection and sustainable use of natural resources for the benefit of present and future generations. Key 

interventions include minimizing environmental pollution and resultant adverse effects on the environment and 

human health (URT, 2021). Certainly, Tanzania attained status of a lower middle-income country in July, 2020 

(URT, 2021; Lambin and Nyyssölä, 2022) and have embarked on industrialization policies. In this situation, the 

government is promoting further industrial development as well as environment protection for sustainability.  

 

 

2.2 Air Pollution caused by coal-fired boilers 

Pollution caused by coal fired boilers could double the country’s emissions of greenhouse gases (Makoye, 

2014). However, coal has a low flash point and is easy to burn, making it a common resource for industrial 

production. It has been observed that in Tanzania, coal is exploited in small scale at Kiwira Coal Mine in Mbeya 

Region and Tancoal Energy Limited Mine at Ngaka in Ruvuma Region (World Coal, 2013). The main pollution 

problems existing in the operation of coal-fired boilers can be separated into two phases namely gas and solid 

contaminations.  

 

Coal is a complex combination of organic matter and inorganic mineral matter formed over eons from 

successive layers of fallen vegetation (Edmunds, 2002; Summers, 2019). Coal is the least clean fossil fuel with 

respect to both local and global environment issues and it is mainly composed of carbon, oxygen and sulfur (Bian, 

2020). Coal combustion emits pollutant substances that is not a natural constituent of the environment, usually 

harmful one.  

 

2.3 Primary Air Pollutants 

The main air pollutants from coal combustion are carbon monoxide (CO), the oxides of sulfur SO2 and SO3, 

the oxides of nitrogen, NO and NO2 and particulates matters which consisting of very fine soot and ash particles 

(NETL, 2010), in a much higher proportion than oil or natural gas and, therefore, causes local and regional 

pollution problems, and global climate change. 

 

Carbon monoxide  

The rate of CO emissions from combustion sources depends on the fuel oxidation efficiency of the source. By 

controlling the combustion process carefully, CO emissions can be minimized. Thus, if a unit is operated 

incorrectly or is not frequently well-maintained, the resulting concentrations of CO (along with organic 

compounds) may intensify by several orders of magnitude. 
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Carbon dioxide (CO2) 

CO2 is also the main byproduct of coal combustion. Nearly all of the fuel carbon (99%) in coal is converted 

to CO2 during the combustion process (Edmunds, 2002). CO2 accounts for over eighty-two percent of all 

greenhouse gas emissions. The emission of CO2 and other pollutants which result from burning fossil fuels has 

been identified as the major contributor to global warming and climate change. The majority of the fuel carbon 

not converted to CO2 is entrained in bottom ash.  

 

Oxides of nitrogen 

Oxides of nitrogen are formed by the high-temperature oxidation of atmospheric nitrogen during combustion. 

Nitric oxide is the primary nitrogen compound formed in the combustion of organic fuels. NOx emissions from 

coal combustion are primarily nitric oxide (NO), with only a few volume percent as nitrogen dioxide (NO2). 

Nitrous oxide (N2O) is also emitted at a few parts per million. NOx formation results from thermal fixation of 

atmospheric nitrogen in the combustion flame and from oxidation of nitrogen bound in the coal. 

Oxides of sulfur  

During the combustion of coal, virtually all the S gets oxidized to gaseous species such as SO2 and SO3, with 

SO2 being the principal oxide. The emissions of SO3 from coal fired  boiler depend on coal S content, combustion 

conditions, flue gas characteristics, and air pollution devices being used. This is because increases in the S content 

of coal or furnace excess air level result in a corresponding increase in the concentration of SO2 and/or O, which, 

in turn, results in greater production of SO3. Relatively high concentrations of SO3 or H2SO4 in the boiler, stack, 

or plume can cause adverse impacts to plant equipment and to the environment. Impacts on plant equipment can 

include corrosion, fouling, and plugging. The injection of alkaline sorbents has been shown to be effective at 

controlling SO3 emissions of the furnace. 

 

Particulate matter (PM) 

Uncontrolled PM emissions from coal fired boilers include the ash from combustion of the fuel as well as 

unburned carbon resulting from incomplete combustion. Coal ash may either settle out in the boiler (bottom ash) 

or entrained in the flue gas (fly ash). The more alkaline nature of the ash in some subbituminous coals causes 

some of the sulfur to react in the furnace to form various sulfate salts that are retained in the boiler or in the fly 

ash. 

 

Trace metals 

Trace metals are also emitted during coal combustion. The quantity of any given metal emitted, depends on 

the combustion conditions, the type of particulate control device used, the concentration of the metal in the coal, 

physical and chemical properties of the metal itself and its collection efficiency as a function of particle size. 

 

3. Material and methods  

The process of analyzing exhaust gases was carried out at the site (industry) using the exhaust gas analyzer. 

This research used an experimental study approach in Iringa Region in Tanzania as a study site. The research 

design in this study was an exploratory experiment whereby tests on analysing exhaust gases was conducted. 

Observation and site visit were also conducted to solicit relevant information for the study this research used both 

quantitative and qualitative data. The quantitative data were collected through field experiment and qualitative 

data through visual observation on the condition of the boiler exhaust chimney system components. The exhaust 

gases were tested and measured in three consecutive exhaust chimney points in three consecutive days while 

boiler is in operation. 

 

3.1 Research Instruments 

The instruments used for analyzing exhaust gases in the industry included; Exhaust gas analyzer (AU test MS 

805), Exhaust gas analyzer (Brain Bee AGS 200), Aerosol monitoring micro-dust analyzer, assorted spanner and 

screw drivers. 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                                      © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1166 International Journal of Current Science (IJCSPUB) www.ijcspub.org 483 
 

 

3.2 Experimental Set Up and Procedures 

Experiment setup was expected to develop physical working condition of the coal-fired boiler exhaust system 

during normal operating condition. The test set up was designed for physical analysing exhaust gases.  Exhaust 

gas analysis were determined by immersed test probes of the exhaust gas analyser test meter to the exhaust gas 

chimney of the boiler to be tested: 

 

Procedures 

 Operate the boiler to its maximum operating temperature and pressure 

 Switch on exhaust gas analyzer and allow performing booting operation 

 Perform internal leakage test of the analyzer 

 Insert test probes of the exhaust gas analyser to exhaust chimney 

 Read and record results 

 Compare results with standards from the manual. 

 

Test Conditions  

The exhaust gases were tested under the following conditions: 

a. Boiler should be under normal operation at maximum temperature and pressure 

b. Exhaust gas analyzer should be with no internal gas leak.  
 

4. Results and discussion  

Table 1 shows the analyzed parameters in the exhaust gas collected from the exhaust chimney of the coal-fired 

boiler. Analysis was done three times within three days consecutive. The analysis results in Table 2 show that the 

amount of parameters analyzed lies within the permissible range. The content of oxygen in exhaust is less by 

0.003%, the content of is Nitrogen dioxide 0.3%, sulphur oxide is 0.02%, carbon dioxide is 7.1%, and carbon 

monoxide 8.0%. Thus analysis of agro-industry coal-fired boiler pollutants from exhaust gases where relying on 

the standards for protecting environment. The findings identified five parameters as contents of exhaust from 

agro process coal-fired boiler. The analyzed parameters included carbon monoxide, carbon dioxide, nitrogen 

dioxide, oxygen content and Sulphur dioxide. Additionally, the study findings which were obtained through 

observation and experiment revealed that there is effective maintenance management practice for the coal-fired 

boiler thus enable to preserve the environment. Based on the identified parameters, researcher through 

observation and experiment discovered that exhaust smoke from the boiler is in line with the standard.  

 
Table 1 Parameters to be analyzed in exhaust gas 

  

  

 

 

 

 

 

 

 

 

 

       Parameter                                                       Frequency                     Percent                                

 

CO                     03                      20.0 

CO2                      03                      20.0 

NO                     03                      20.0 

SO                     03                      20.0 

Total                     15                      100.0 
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Table 2 Exhaust gas analysis results 

 

 

 

Conclusion and Recommendations 

The main objective of this paper was to focus on the environmental problems of pollution emissions caused 

by agro-processing industries coal-fired boiler. Based on the findings of the study, the main air pollutants from 

agro-processing industry coal-fired boiler were carbon monoxide, carbon dioxide, the oxides of sulfur, the oxides 

of nitrogen and particulates consisting of very fine soot and ash particles. Tanzania aims at attaining high quality 

livelihood for its people and develop a strong and competitive economy. Moreover, the National Environment 

Management Council was established to enhance the national resilience to the adverse impacts of climate change 

and enable the country to pursue low emission development pathways so as to achieve sustainable development. 

Development objectives may not be attained if climate change adaptations concerns are not factored in the 

development process and mitigation opportunities in the context of sustainable development are not fully 

exploited. From the general results obtained in this study, it can be concluded that the environmental impact of 

pollutants to atmosphere is low for energy expenditure and ensuring sustainability and equitable use of resources 

in addressing the basic needs of present and future generation without polluting the environment. Based on the 

research objective, the study recommends that the Dash Industry (DI) and all other agro processing industries to 

continue with environmental conservation culture by performing scheduled preventive maintenance for the coal-

fired boiler and other facilities. The culture should be spread to other industries as roll model during industrial 

meetings, visits, social and public media advertisements and other publications. The study considers only analysis 

of exhaust gas from coal-fired boiler at agro-processing industries. The study can be extended by other researchers 

by conducting in depth research in order to fill some gapes. Therefore, with industrialization it is important that 

measures to control, prevent and reduce industrial pollution need to be strengthened. 
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