


Comparative Analysis of Kenyan Coal Quality and Its Global Competitiveness
ABSTRACT 
Explorations on Kenyan Coal over the years have shown promising quantity of reserves (over 400 million tons).  Experiments have been carried out to determine and compare its properties with the major world coal producers. Average quantities of Sulphur (wt.), carbon, nitrogen and hydrogen sulfide contents established as 1.63%, 59.25%, 0.95%, and 13ppm respectively. These have direct negative environmental impact and therefore need to be established, and aid in employment of technologies such sequestration, desulphurization and carbon capture. Characterization established the average proximate quantities as; moisture content 4.25%, slightly higher than South African’s 2.70%, India’s 3.79%, but lower than Indonesian’s 5.15% and Samaranggau’s 5.65%. The volatile matter was 57.47%, this is higher than one from South Africa, India, Samaranggau and Indonesian: 26.20, 33.30, 47.67 and 46.41% respectively. Ash content as: 15.12%, this is slightly lower than South Africa’s 34.80% and higher than Indonesian’s Samaranggau’s and Indian’s 6.10, 2.61 and 7.70% respectively. Fixed carbon content: 23.18%, lower than one from South Africa, Indonesia, Samaranggau and India: 36.30, 42.34, 45.34 and 53.30 respectively. Average gross calorific value was: 24,434 kJ/kg, (grade B), is slightly lower than Indonesian’s and Samaranggau’s: 26,986.71 and 26,401.04 kJ/kg respectively, and higher than South African’s 20,526.00 kJ/kg. ASTM and ANN were mainly used for proximate and ultimate analysis results determination. Comparison analysis of the Kenyan coal and the rest of the world producers showed it being suitable for commercial and industrial exploitation, further research on geological and geochemical on Kenyan coal is recommended. 
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Introduction 
Coal has been a chief provider of energy [1], providing over 40% of the electricity in the world. The effluent in terms of gases and ash has had serious negative effects to the environment [2]. Before utilization, the coal from recent discoveries for example the Kenyan one from Kitui and Kilifi counties, there is need to establish the level of emission and do a comparison to the rest of the world’s to ensure that it meets similar standards. 
Determination of the dangerous effluents also helps in establishing the right technologies to enable utilization of such coal instead of rendering it useless [2]. Before this coal is utilized, it can be prepared by use of available technologies [3]. 
Coal is a sedimentary rock that is black in color, and it is classified into four major classes that is: lignite: the youngest with the least energy content 25% - 35% carbon, subbituminous: 35% - 45% carbon, bituminous: 45% - 86% carbon, anthracite is the most mature and most preferred due to its high carbon content (86% - 97%) [4], [5].
The coast effectiveness and the abundance in reserves continues to increase the popularity of coal utilization [18]. In recent years, there has been a growing interest in clean coal research as a source of energy. Coal consumption is expected to increase by 1.3% annually on a global scale. There is a growing need to step up exploration and thorough characterization of Kenyan coal deposits as new technologies for cleaner and more effective coal utilization emerge. Such initiatives are necessary to satisfy the growing demand for energy while supporting the objectives of environmental sustainability,[19]. 
Kenya imports 100% of its coal consumption yet there are large reserves in Kenyan land. For example, in 2016, a total of 537,359 tons were imported [6] figure 1. More than 400 million tonnes of coal can be found in Mui, one of Kenya's largest coal reserves. In 31 blocks in this interior region of Kenya, coal has already been verified. Other explorations have recently been conducted in the Taru basin on the Kenyan coast, where promising reserves have been found. [20] 

Figure 1: Quantity of coal imported between 1980 and 2016 
To safe Kenya from such huge imports which ranks Kenya 81st, and the associated expenses there is need therefore to explore and investigate on the available resources.
It has been established that some countries almost solely depend on coal for electricity generation. For example, South Africa, 93.7% of its electricity comes from coal, when this is compared with Kenya’s unit cost for electricity table 1, it is found that South Africa’s is cheaper than Kenya’s [7]; this translates to increased cost of manufacturing. This therefore calls for innovation and research to come up with cheaper energy resources.
Table: 1 Unit cost for electricity for South Africa and Kenya
	
	Business, USD/ kWh
	House hold, USD/ kWh

	South Africa
	0.079
	0.167

	Kenya 
	0.169
	0.212



Methodology 
The oven and furnace were used for proximate analysis (Moisture content, fixed carbon, Volatile matter and Ash content). In this case the ASTM procedures were used. They both have sensors and buttons for setting the temperature requirements. Oven gives accurate values but is limited to 330 0C. For the temperature up to 1000 0C, the furnace was used. Digital weighing balance used in determining weight loss analysis from where the proximate results can be obtained, this was used in conjunction with the furnace and oven. Samples were accurately measured before and after heating. Ultimate analysis was partially done by digital gas analyzer. This captured and displayed on the screen the amount of carbon monoxide, oxygen and hydrogen sulfide from flue gases. 
Sulphur content was determined by the bomb calorimeter using the standard procedures. Carbon, hydrogen and nitrogen were determined by Artificial Neural Network analysis (ANN). ANN is a machine learning tool for modelling which has outperformed other models applicable in combustion [8, 21]. 
Results and Discussion 
From proximate analysis, the results obtained: Moisture content was 4.25%. This was compared with results from other major coal producers in the world, see figure 2 (a).
   
(a) (b)
   
                              (c)                                                                    (d)
Figure 2: Comparison graph of Kenya’s (a) moisture content, (b) ash content, (c) volatile matter and (d) fixed carbon content with rest of world Coal producers  
Moisture content determination is crucial since it predicts the heating time and amount of volatile formed as a result of this [9]. Gross calorific value decrease as moisture content increase, [10, 17]. To improve the quality of Kenyan coal in terms of reducing moisture content and to enhance calories and cleanliness, liquefaction should be considered [21].
The ash content for Kenyan coal was determined as 15.15%, a comparison analysis of the rest of the world’s coal in terms of ash content shown in figure 2 (b).
Ash is responsible for clinker formation which limits rate of combustion. When disposed to the environment, it results to pollution, [11], but comparing the ash content from Kenyan coal and that from the rest of the world shows possibility of this coal being utilized being within the range of coal-ash from exported coal from countries like south Africa and India.  
Kenyan coal’s volatile matter averaged at 57.47%, this was highest amount as can be seen from figure 2 (c). This therefore concludes that Kenyan coal will have highest spontaneous combustion [12], this too denotes that of all these coal samples provided here, Kenyan coal ranks least. Ignition will be easier with Kenyan coal as compared with the coal from India, South Africa, Indonesia and Samaranggau [11]. 
Fixed carbon content for Kenyan coal was 23.18%. From figure 2 (d), it can be seen that the Kenya coal produced least carbon content. The value of heat produced during coal utilization is tied to the amount of fixed carbon in a given coal [13], hence there is need to determine this.
Despite this being lowest as compared to other major producers, it will be utilized basing facts on other factors as discussed below on caloric values.
Kenyan coal was found to belong to grade B, this was from the gross calorific value of 24,434 kJ/kg determined. This showed it to be superior to South Africa’s 20,526 kJ/kg, and lower than one from Samaranggau and India as can be seen from figure 3.
 
Figure 3: Pie chart for the gross calorific values in comparison 
The proximate analysis quantities obtained from the Kenyan Coal are represented in table 2.
In comparison, South African coal has Sulphur content of 1.49 (wt.%), while Indian coal’s Sulphur is 0.6 (wt.%). 
Table:2 proximate analysis quantities for Kenyan coal
	Sulphur (wt.) %
	Carbon %
	Nitrogen %
	Hydrogen sulfide 

	1.63 
	59.25
	0.95
	13



Sulphur in coal is classified as low (less than 1 wt.%), medium (between 1 and 3 wt.%) and high (above 3 wt.%). This therefore classifies Kenyan coal to be in the medium Sulphur category.
During combustion of coal, heat is solely derived from carbon. [14], which is estimated to account for 60 -80%, this shows Kenyan coal to at the tip lower end in terms of carbon composition.
Bituminous coal contains higher nitrogen content, (1.5 to 1.75%) compared to anthracite’s 1%. In general, coal contains between 0.5 to 2% nitrogen [15, 17], the Kenyan coal’s value as can be seen from table is within the limits. 
Conclusion and Recommendation 
Proximate, ultimate and combustion characteristics were the main focus for this study. For the Kenyan coal the averages of proximate analysis results were; fixed carbon content (23.18%), volatile matter (57.47%), ash content (15.12%) and moisture content (4.25%), all have shown values that are within the range of other coal from major producers. Moisture content was higher compared to South African and Indian coal. Higher ash content as compared to Indian, Indonesian and Samaranggau coal. Fixed carbon content for Kenyan coal was found to be lower than the rest of the four coal producers compared. For the emissions; sulphur (1.63%), nitrogen (0.95%) and hydrogen sulfide (13 ppm), these shows a low concentration. The calorific value of 24,434 KJ/kg placed Kenyan coal in grade B. The discrepancies are attributed to geological, geographical and the coalification processes. Kenyan coal is therefore fit for utilization for both domestic and industrial purposes. Further research on Kenyan Coal to emphasize on the geological and geochemical to better understand its genesis, content and potential beneficiation. 
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