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Abstract. 
Nigeria has not been able to provide enough electric power to her about 200 million people. The last effort by the federal government to generate 6000 MW power by the end of 2009 failed. Even with the available less than 6000 MW of electricity generated in the country, only about 40% of the population have access to the electricity from the National Grid, out of which, urban centers have more than 80% accessibility while rural areas, which constitute about 70% of the total population, have less than 20% of accessibility to electricity. This paper addresses the possibility of meeting the energy demand in Nigeria through biomass gasification technology. The techno-economic analysis of biomass energy is demonstrated and the advantages of the biomass gasification technology are presented. Following the technical analysis, Nigeria is projected to have total potential of biomass of about 5.5 EJ in 2020 which has been forecast to increase to about 29.8 EJ by 2050. Based on a planned selling price of 0.727/kWh, the net present value of the project was found to be positive, the cost benefit ratio is greater than 1, and the payback period of the project is 10.14 years. These economic indicators established the economic viability of the project at the given cost. However, economic analysis shows a selling price of 0.727/kWh. Therefore, the capital investment cost, operation and maintenance cost, and fuel cost can be reduced through the development of the gasification system using local materials, purposeful and efficient plantation of biomass for the energy generation, giving out of financial incentives by the government to the investors, and locating the power plant very close to the source of feedstock generation.



1. Introduction
The ever increasing energy demands, dwindling sources of fossil fuels, and concern about pollution levels in the environment have been the major concerns of Nigeria government. There are persistence failure of continuous power production and low performance of Nigeria electricity generation sector. Such odious occurrences can be attributed to high rates of transmission losses, low rate of generation capacity (Table 1), and poor revenue collection in meeting energy demands in Nigeria. Consequently, different alternative means of electricity generation have been sought of which more than 70% of the electricity in the country is generated from fossil fuels. Adversely, the green house emission from such fuels is high; approximately one-third of the national emission results from electricity production. Also, the transport systems majorly rely on the fossil fuels. Indisputably, the prices of the fossil fuels are subject to fluctuations and the end users have little or no control. The overdependence on the fossil fuels has resulted in a rapid decrease in the high grade energy source.
Table 1: Electrical generation and consumption in Nigeria.
	

	Year Installed	Capacity	Total Generation	 Capacity Utilized (%)
	(MW)
	

	1990	4548.0	1536.9	33.8
	1991	4548.0	1647.2	35.6
	1992	4548.0	1693.4	37.0
	1993	4548.6	1655.8	36.4
	1994	4548.6	1772.9	39.0
	1995	4548.6	1810.1	39.8
	1996	4548.6	1854.2	40.8
	1997	4548.6	1839.8	40.4
	1998	4538.6	1724.9	37.9
	1999	5580.0	1859.8	33.3
	2000	5580.0	1738.3	31.2
	2001	6180.0	1689.9	27.5
	2002	6180.0	2237.3	36.2
	2003	6130.0	2378.4	38.8
	2004	6130.0	2763.6	45.1
	2005	6538.3	2494.4	40.5
	


Source: National Electric Power Authority [6].


Nigeria depends majorly on her large crude oil reserve which is less than 40 billion barrels of oil. Not long ago, the production of crude oil has also been estimated to be about 2.2 million barrels per day. Most of these are exported while 280 thousand barrels of oil are refined per day for consumption within the country. Energy Information Administration (EIA) [1] reports that the natural gas proven reserve is estimated to be about 185 trillion cubic feet. In 2008, Nigeria consumed about 430 billion cubic feet mostly for electricity generation. 140 billion cubic feet was vented, 530 billion cubic feet was flared, and about 500 billion cubic feet was reinjected for enhanced oil recovery. The gross annual consumption of natural gas is put at 1,600 billion cubic feet. The recoverable coal reserves are estimated to be about 210 million short tons with the production being 9 thousand short tons per annum and consumption being about 12 thousand short tons per annum [1]. On the assumption that new oil or gas reserves are not discovered, it is estimated that the crude oil reserves in Nigeria should run out within the next 50 years and the proven natural gas reserves should run out in about 115 years. Following the past reports and the projected energy demands in Nigeria as shown in Figure 1, it is established that Nigeria crude oil reserves will soon dry up. An August 5, 2001, British Petroleum report indicates that the 22-billion-barrel Nigeria oil reserves in year 2001 would be exhausted in 29 years if the production level is maintained. More than 2% annual decline was recorded from 2002 to 2007 [2]. According to the report of energy officials for Africa’s largest oil producer, it was stated that Nigeria’s oil reserves (which increased to 32.93 billion barrels, 2008) could dry up in the next 50 years.




	
	
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
		
		
			
		
		
		
			
		
		
		
			
		
		
			
	


Figure 1: Nigeria predicted energy consumption growth.


Furthermore, considering the prices of the fossil fuel, it is becoming clear to both Nigeria government and the consumers that energy prices in general are now likely to stay higher for longer period of time. Following the rising political awareness of global climate change and the rising concern over energy import dependence, many consuming nation governments are looking to develop more coherent policies on alternative energy. Indubitably, alternative energy has provided a potential fix for rising carbon emissions and energy insecurity for many years, but at a price that was deemed unacceptably high versus the prevailing price of traditional energy sources (oil, gas, and coal). Low oil prices kept most alternative energy technologies dormant for much of the period 1986–2002. Now with the continuous increase in crude oil prices coupled with the fact that some jurisdictions already attempting to ascribe a cost to carbon emission, the outlook for certain forms of alternative energy is vastly improved. Additionally, seeking for a balance between energy, economy, and environment has been the trilemma threatening the human survival not only in Nigeria but in the world at large.
2. The Plan for Alternative Energy Resources
The alarming increase in Nigeria’s population has consequently increased the energy demands exponentially. Also, there is persistent increase in the threats on human health and environment as a result of carbon emissions for the combustion of fossil fuels. Furthermore, the continuous increasing energy demands and incessant decreases in the high grade energy source have paved way for the utilization of different alternative energy sources. Such sustainable energy means have provided a potential fix for rising carbon emissions and energy insecurity for many years. Additionally, in order to overcome the trilemma of achieving economic growth, food supply, and energy resources, while conserving the environment, the federal government of Nigeria has developed long-term “energy descent” through Energy Commission of Nigeria (ECN). These are designed for gradual reduction in the overdependence on high grade energy and switching to local renewable energy resources (solar, wind, wave, biomass, geothermal, ocean and tidal, hydrothermal, etc.) as part of local economies. Laying a solid foundation for the potentials of the renewable energy sources, it is established that Nigeria occupies a total land area of 92, 337, 000 ha (923,370 km2) of which 30,200,000 ha is arable land, 2,800,000 ha is used for permanent crops, 39, 200, 000 ha is used for permanent pasture, 14, 300, 000 ha is forests and woodlands, and 5,837,000 ha is used for other purposes [5]. In this milieu, there is no doubt that the country has adequate potential of renewable energy sources especially for biomass production and therefore, bioenergy should be considered as an important part of a future renewable energy mix in the country. Consequently, there is a need to harness this huge energy potential by employing the various biomass technologies and formulating policies to the effect. There is also a need to enhance the development of the agricultural subsector of the economy since biomass is agriculturally generated.
3. The Possibility of Meeting Nigeria Energy Needs Using Bioenergy
It is notoriously difficult to forecast long-term energy demand. However, the need for energy demand projection for short-term plans is indispensable. Following the models developed by Energy Commission of Nigeria (ECN) [7], the country’s energy demand was analyzed for the period of 2000 to 2030 with the use of the Model for the Analysis of Energy Demand (MAED) and Wien Automatic System Planning (WASP) packages (Table 2). From the table, it seems clear that the energy demand continues to grow. One of the unparalleled solutions to meet the accelerated growth in the energy demand is to lay the foundation for accelerated renewable energy development that will sustain the economic.
Table 2: Total projected energy demand (MTOE).
	

	Scenario	2000 	2010	 2015 	 2020	2025	2030
	

	Reference (7%)	32.01	51.40	79.36	118.14	169.18	245.19
	High growth (10%)	 32.01	56.18	94.18	190.7	 256.19	414.52
	Optimistic (11.5%)	32.01	56.18	108.57	245.97	331.32	 553.26
	Optimistic (13%)	32.01	72.81	148.97	312.61	426.11	715.70
	


Source: Adapted from ECN [7].


According to European Commission in the white papers’ community strategy and action plan in the policies of the European Union [11], biomass is expected to play a major role as a renewable energy source. The development of biomass gasification plant for energy generation is seen as a means of enhancing the environment acceptability of agricultural wastes as sources of energy as well as of increasing the overall efficiency of the conversion of the chemical energy in the wastes into electricity. The abundant possession of biomass in Nigeria as pointed out in literatures proved beyond measures on the sustainability of the various biomass technologies in Nigeria. According to the study carried out by Ojolo and Orisaleye [11], Nigeria has a large biomass potential estimated to be at least 3.2 EJ in 2010 and this could abundantly satisfy the energy demand in the country. The biomass sources considered are agro-residues, livestock wastes, municipal solid wastes, and forest residues. The energy potential is expected to continue to grow from about 3.2 EJ in 2010 to about 5.5 EJ in 2020 and may reach about 29.8 EJ in 2050. The estimate compares well with forecasted energy demand and will play a great role in future energy supply. The delay in the utilization of the renewable energy is due to the government policy formulations which have not favoured the development of biomass technologies for efficient utilization of biomass. However, in 2012, the federal government reconsidered their plans and set out to have the first biomass gasification plant in Ekiti State. Before the full implementation of the policy, there is a need to consider the technical and the economic potential of biomass energy and biomass gasification technology in the country. Therefore, this study presents the techno-economic potentials of the biomass gasification technology in Nigeria.
4. Technical Potential of Biomass Energy in Nigeria
Agriculture, being the dominant economic activity in Nigeria, contributes 41% of the GDP and employs the highest labour in the country [12]. Although the priority of the agricultural policy of Nigeria government is food production, the potential solid fuels for power generation that accompany the agricultural activities in the country is quite enormous. Following the recent report of Aurela [13], about 43.4 billion kg of fuelwood is consumed annually in Nigeria while 1.8 million tons of sawdust is produced annually. Also, Ojolo and Orisaleye [14] pointed out that the total estimate for energy potential of agro-residues obtained in Nigeria in 2005 is 1.924x1018J. In order to establish the technical potential of biomass energy in Nigeria, some studies were carried out and Table 4 shows the five-yearly estimate of energy potential of agro-residues which is based on the 6% annual increase of agricultural produce according to the Central Bank of Nigeria [15]. It is assumed that the increases in annual production of agricultural produce and annual generation of agro-residues are equal. From the table, it is showed that the energy potential in 2020 will be about 4.6 EJ and could rise to about 26.5 EJ in 2050. It should be pointed out that the major contributors to the potential are fruit and vegetable wastes, sorghum stalks, maize residues, rice residues, and cassava peels which contribute about 60% of the total annual energy potential.
The quantity of forest residues produced in Nigeria in 1997 and the energy from each waste are shown in Table 3 while the 5-yearly energy potentials of forest residues for full and utilized capacities from 2005 to 2050 are shown in Table 5 using the increase in forest production index. Based on the analysis, it could be inferred that the energy potential of forest residues in 2020 at the current utilized capacity will be about 12.3 PJ and could reach about 62 PJ in 2050. However, at full capacity, the energy potential of forest residues in 2020 will be about 28.4 PJ and may reach 142 PJ in 2050 as depicted in Table 5.
Table 3: Energy potential of foreign residues in Nigeria (1997).
	

	 	Full Capacity	Capacity utilized
	

	Forest Residue	Volume	Mass	Energy derivable	Volume	Mass	Energy derivable
	(m3)	(‘000 tonnes)	(1015J)	(m3)	(‘000 tonnes)	(1015J)
	

	Sawdust	463,580	185.4	2.7	200,000	80	1.2
	Wood chips	1,390,740	403.3	5.6	600,000	174	2.4
	

	TOTAL 	 	 	8.3	 	 	3.6
	



Table 4: 5-yearly estimate energy potential of agro-residues through 2050.
	

	Year 	 2005	2010	2015 	2020 	 2025 	 2030 	2055	2040 	2045	2050
	

	Energy potential of residue (PJ)	1924.2	2575	3445.9	 4611.5	 6171.2	 8258.4	11051.6	14789.6	19791.8	26485.9
	



Table 5: 5-yearly potential of forest residues at 5.5% increase in production rate (1015J).
	

	Year	2005	2010 	 2015 	 2020 	 2025 	 2030	 2055 	 2040 	2045	2050
	

	Utilized Capacity	 5.5	 7.2	9.4	 12.3	 16.1	 21.1	 27.5	 36.0	 47.0	 61.5
	Full Capacity	 12.7	16.6	 21.8	28.4	 37.2	 48.6	 63.5	 83.0	108.4	141.7
	



Table 6 presents the population estimates, estimated annual municipal solid wastes generation, and the energy derivable from the wastes. The municipal solid waste, as well as its energy potential, is assumed to increase with increasing population. The energy potential of municipal solid wastes which could be harnessed is about 534.4 PJ in 2020 and may increase to about 987.1 PJ in 2050.
Table 6: Energy potential of municipal solid wastes in Nigeria.
	

	Year 	 2005 	2010	 2015	2020	2025	2030	 2055 	 2040	2045 	2050
	

	Population Estimate (‘000,000)	129	 150	 165	 183	202	 226	 250	 279	306	338
	MSW estimate (‘000,000 tonnes)	29.7	 34.5	37.9	42.1	 46.4	52.0	 57.5	64.2	 70.4	77.7
	Energy potential (1015J)	 376.7	438.1	481.9	 534.4	589.9	660.0	730.1	814.8	893.6	 987.1
	


Source: ECN [7].


From the potential of biomass energy presented in Table 7 and the energy demand in Nigeria (Table 8), the summary of the results presented in Figure 2 depicts that the total potential of biomass in Nigeria as at 2020 will be about 5.5 EJ and has the potential to increase to about 29.8 EJ by 2050. The results show that forest residues contribute the least to the overall annual biomass energy potential. Agro-residues, livestock wastes, and municipal solid wastes together contribute over 99% of the overall biomass potential in the country. Agro-residues are the largest single contributor to the overall biomass potential producing over 75% of the total annual energy potential.
Table 7: Total biomass energy potential in Nigeria.
	

	Biomass resource	2005	2010 	2015	2020	2025	2030	2055 	2040 	2045	2050
	

	Agro-residue	1924.2	2575	3445.9	4611.5	6171.2	8258.4	11051.6	14789.6	19791.8	26485.9
	Livestock wastes	152.6	199.0	261.5	 346.4	462.7	 623.4	847.3	 1161.6	1606.1	 2239.0
	Forest Residue	 5.5	 7.2	 9.4	 12.3	 16.1	 21.1	27.5	 36.0	47.0	61.5
	Municipal Solid Wastes	376.7	 438.1	 481.9	534.4	589.9	 660.0	730.1	 814.8	 893.6	987.1
	

	TOTAL (PJ) 	2459.0	2319.3	4198.7	5504.6	7239.87 	9562.9	12656.5	16802	22338.5	29773.5
	


Source: ECN [7].


Table 8: Total energy demand based on 10% GDP growth rate (MTOE).
	

	Item	2005	2010 	2015 	2020	2025	 2030	Average growth rate ()
	

	Industry	8.08	12.59	26.03	39.34	92.34	145.21	16.2
	Transport	11.7	13.48	16.59	19.70	26.53	33.36	 4.7
	Household	18.82	22.42	28.01	33.60	33.94	34027	 2.6
	Services	6.43	8.38	12.14	15.89	26.95	 38.00	 8.7
	

	TOTAL (PJ)	 45.01	 56.87 	82.77	108.66	179.75	250.84	 8.3
	


Source: ECN [7].






	
	
		
			
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
					
				
				
					
						
				
				
					
						
					
				
				
					
						
				
				
					
						
					
				
				
					
						
				
				
					
						
					
				
				
					
						
				
				
					
						
					
				
			
		
	


Figure 2: Total annual energy potential of biomass in Nigeria (PJ).


Also, using the Model for Analysis Energy Demand (MAED) and Wien Automatic System Planning (WASP) package, the Energy Commission of Nigeria [7] forecasted the demand of energy in Nigeria from 2000 to 2030. The total energy demand by sector, assuming a 10% Gross Domestic Product growth, is shown in Table 8. The total annual energy demand has been extrapolated to 2050 assuming the average growth rate of 8.3%. The total energy demand and the total energy potential of biomass are compared in Figure 3. The comparison shows that, with efficient utilization, energy from biomass in the form of agro-residues, livestock wastes, forest residues, and municipal solid wastes have the potential of meeting the energy demand in the short term as seen between 2005 and 2030. Beyond 2030, the energy demand exceeds the bioenergy potential. This may be due to a predicted rapid increase in population or increased industrial activities within the country.




	
	
		
			
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
						
				
				
					
				
				
					
						
				
				
					
						
					
				
				
					
						
				
				
					
						
					
				
				
					
						
				
				
					
						
					
				
			
		
	


Figure 3: Comparison of energy demand at 10% GDP with the bioenergy potential.


According to Dayo [16], fuelwood has constituted over 60% of the annual energy consumption between 1990 and 2005. Assuming a continuing trend, the consideration of fuelwood in the estimate of the biomass potential will enhance the possibility of biomass energy in meeting energy demands in Nigeria as shown in Figure 3. However, the use of fuelwood for energetic purposes is being discouraged in Nigeria to prevent deforestation which has a negative effect on the environment. Hence, to suffice the demand for energy while looking away from fuelwood, there will be a need to exploit energy crops which can be cultivated in both arable and grass-lands. The cultivation of energy crops will increase the bioenergy potential. There may also be the need to exploit greatly other forms of renewable energy such as solar, wind, geothermal, ocean, tidal, and wave energy.
With all the enormous potentials of biomass in the country, sadly enough, the direct combustion has been used mainly over the years to obtain energy from the renewable resources. Apart from the huge inherent pollution accompanying this method, the efficiency of this method of utilization is between 5 and 15% which is rather inefficient [14]. Therefore, other means of conversion should be exploited other than the direct combustion. Also, efficient use of biomass must be assured to be able to utilize the better part of the obtainable bioenergy potential. Moreover, while considering other renewable energy sources, energy policies in the country should also cover the development and modernization of agriculture, investment in infrastructure, and development and commercialization of biomass technologies.
Harnessing the energy available from the renewable resources allows the attainment of notable reductions in the consumption of our finite fossil fuels, pollution levels, and worrying climate changes. The inherent potentials of the renewable energy sources have been displayed in literatures through the techno-economic analysis of the biomass for energy generation [17–44]. Sequel to the technical potential analysis as shown in the previous sections of this work, biomass can be adopted to combat the present energy crisis in Nigeria. Unlike wind or solar energy, biomass-based power generation can be operated on demand. On the technologies of energy conversion from biomass shown in Figure 4, currently, most of the biomass resources in Nigeria are utilized by direct combustion mostly in the rural areas. Although progress is being made in other means of biomass conversion as shown in Table 9, the government policies have not seemed to state exactly how to implement and develop the use of bioenergy in the country but have placed more focus on developing and financing conventional energy [14].
Table 9: Progress of research and application of bioenergy as fuel in Nigeria.
	

	Conversion Route	Research in progress	Domestic Application	Industrial Application
	

	Direct Combustion			 ×
	Gasification		 ×	 ×
	Pyrolysis		 ×	×
	Anaerobic digestion		×	 ×
	Fermentation		 ×	 ×
	Biodiesel		 ×	 ×
	







	
	
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
					
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
			
		
		
			
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
			
		
		
			
				
			
		
		
			
				
					
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
			
		
		
			
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
			
		
		
			
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
			
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
			
				
					
				
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


Figure 4: Biomass conversion technologies, products, and applications. Source: UK Biomass Strategy [3].


From the biomass conversion technology shown above, biomass gasification offers a considerable potential and can act as a key enabling technology for the development of integrated and flexible bioenergy strategies for Nigeria. Also, considering the advantages of biomass gasification technology (conversion of carbon-based feedstock to clean synthetic gas, which is primarily a mixture of hydrogen gas and carbon monoxide as fuels) over other biomass energy conversion technologies shown in Figure 4, accepting the feasibility studies, viability of generating, and meeting the energy needs in Nigeria, it is highly recommended that the imminent energy crisis in Nigeria could be averted by the biomass gasification technology.
5. Principle of Biomass Gasification Technology
Gasification is the conversion of combustible solids (e.g., wood, coal, and charcoal) into a gaseous fuel mixture with small quantities of char and condensable compounds. Depending on the production context, the gas may be referred to as “wood gas”, “synthesis gas”, “producer gas”, or “coal gas” to name a few. During gasification of biomass, the material is heated in a reactor called gasifier to a high temperature, which causes a series of physical and chemical changes that result in the evolution of volatile products and carbonaceous solid residues. The amount of volatiles produced and their compositions depend on the reactor temperature, type, and characteristics of fuel material. In this process, the gasifying agent could be air, steam, oxygen, or hydrogen. The energy generated through the system could be used for electrical power generation or production of thermal energy.
The gasification process uses several reactors, which can be classified according to the relative movement of the fuel and the gasifying medium as either fixed beds (updraft, downdraft, and cross-draft) or fluidized beds (bubbling, circulating, spouted, and swirling). In fixed bed gasifiers, the solid fuels move either countercurrent or concurrent to the flow of a gas as reaction takes place, and the solids are converted to gases.
The weight loss (or thermal degradation) in a nitrogen atmosphere occurred in mainly three stages: dehydration (below 125°C), the second stage being active pyrolysis (125–500°C), and the third stage being passive pyrolysis above 500°C. In updraft gasifier, the combustion takes place at the bottom of the bed which is the hottest part of the gasifier and product gas exits from the top at lower temperature (around 500°C). In a downdraft gasifier, both the feed and product gas move downward and the product exits from the bottom at a higher temperature, i.e., around 800°C. Gasification takes place at high temperature in the presence of an oxidizing agent (also called a gasifying agent). Heat is supplied to the gasifier either directly or indirectly which raises the gasification temperature of 600–1,000°C. However, the gasification temperature needs to be high enough (above 750–800°C).
It should be stated that the fixed bed gasifiers have distinct reaction zones—drying, pyrolysis, and combustion and gasification which occur simultaneously in the reactor are particularly suited to solid fuels contacting operations that require close temperature control (especially if the temperature is variable along the flow path), carryover of particles away from the reaction zone, simple operation, and minimum erosion of the body of the reactor.
Unlike fixed bed reactors, gasifier models with a fluidized bed have no distinct reaction zones—drying, pyrolysis, and gasification occur simultaneously in the reactor—as the reactor is mixed and, thus, closed to isothermal. Fluidized bed reactors can be classified by configuration and the velocity of the gasifying agent, e.g., bubbling, circulating, spouted, and swirling fluidized beds. Fluidized bed gasifiers have several advantages over other gasification reactors, including strong gas solids contact, excellent heat transfer characteristics, better temperature control, large heat storage capacity, good degree of turbulence, and high volumetric capacity. The disadvantages of fluidized bed reactors are large pressure drop, particle entrainment, and erosion of the reactor body. Due to their complicated and expensive control systems, fluidized bed gasifiers appear to be commercially viable over 30 MW thermal outputs. The summary of the advantages and the disadvantages of these gasifiers are shown in Table 10.
Table 10: Advantages and disadvantages of different types of biomass gasifier.
	

	Gasifier Types	Advantages	Disadvantages
	

	Updraft	Mature for heat	Feed size limits
	Small scale application	High tar yields
	Can handle high moisture	Scale limitations
	No carbon in ash	Slagging potential
	

	Downdraft	Small scale application	Feed size limits
	Low particulates	Scale limitations
	Low tar	Producer gas
	 	Moisture sensitive
	

	Fluid Bed	Large scale applications	Medium tar yield
	Feed characteristics	High particle loading
	Direct/indirect heating	 
	Can produce syngas	 
	

	Circulating Fluid Bed	Large scale applications	Medium tar yield
	Feed characteristics	High particle loading
	Can produce syngas	 
	

	Entrained Flow	Can be scaled	Large amount of carrier gas
	Potential for low tar	High particle loading
	Can produce syngas	Potentially high S/C
	 	Potential size limit
	


Source: Bain [8].


The schematic diagram of the biomass gasification plant for energy production is shown in Figure 5 while Figure 6 depicts the energy generation potentials of the different types of gasifiers.




	
	
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
		
			
		
		
			
		
			
		
		
			
		
		
			
		
		
			
		
	


Figure 5: Schematic diagram of biomass gasification plant [3].






	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
		
		
			
		
			
		
		
			
		
			
		
		
		
			
		
			
		
		
		
			
		
			
		
	


Figure 6: Potential energy generation of different gasifiers. Source: UK Biomass Strategy [3]. Thermal: 1 kg of fossil fuel replaced by 3.5 kg of biomass. Power: biomass consumption, 1.0–1.4 kg/kWh.


It is shown in Figure 6 that the downdraft gasifier is suitable for 1kW to 1.2MW range thermal capacity, whereas updraft is 1.2MW to 20MW, fluidized-bed gasifier is 1.3MW to 50MW, circulating fluidized bed is 8MW to 200MW, and pressure circulating fluidized bed is 70MW to 1000MW. Although the thermal capacity of cross-draft gasifier is not displayed in the figure, it is well established that cross-draft gasifier is suitable for 10MW to 200MW range thermal capacity.
5.1. Applications of Biomass Gasification Technology
The produced gases from biomass gasification contain both combustible and noncombustible gases. The gas can be used in industrial application areas, irrigation, vehicular power, electricity production, direct heating, and production of value added products. Although, at present, biomass technology will be unattractive in the urban areas because of the logistic challenges of transporting biomass to the energy generation sites, the technology has become significantly more attractive in industrial shaft power applications in rural areas where grid electricity is either expensive or unavailable. Currently many fossil-powered units are in use; thus, where the interruption of fossil fuel supply is common, alternative energy sources such as producer gas are being sought. As an alternative to internal combustion engines that use producer gas exclusively, there are engines that are operated on the dual-more principle. In such systems, the producer gas is used as a supplement to diesel fuel. Here the consumption of wood would be approximately 1.4 kg per kWh of shaft power. Where the availability of suitable biomass is scarce, the possibility always exists for the cultivation of trees that take approximately three to four years to mature. The possibility of using crop residues in gasifiers has also gained great attention. While the questions about the technical suitability of crop residues as gasifier fuel remained to be answered, the concept shows great promise. The economic and technical problems of using direct heat gasifiers appear to be relatively minor. With more experience and better design, the range of potential uses will expand.
5.2. Advantages of Biomass Gasification Technology
As an advantage of the biomass gasification system compared to conventional combustion technology, the gasifier offers several benefits for converting solid wastes (biomass) into energy. The major benefit of the gasifier project is the reduction of Green House Gases (GHG) emissions. Solid waste is considered a carbon neutral biofuel because it releases equal amount of carbon into the atmosphere as it absorbed during its lifetime (Figure 7). Fossil fuels, on the other hand, increase the amount of carbon releases into the atmosphere because the carbon has been trapped for years.




	
	
		
			
				
			
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
		
			
		
		
			
		
			
		
		
			
		
			
	


Figure 7: Schematic of balanced carbon cycle.


The development and utilization of biomass gasification system will enhance the reduction in major health risks through reduced air, land, and water pollution. Adverse effects of global warming on weather and climate can be mitigated by reduced CO2 emissions. California Biomass Energy Alliance [45] stated that biomass gasification has two-times the effectiveness in reducing GHG over other types of renewable technology, or nuclear. The statement buttressed the fact that there will be reduction in health care costs and the impact of likely stricter federal emission standards in the future if biomass gasification technology is adopted in the country. Such a healthy environment achieved by the proper utilization of biomass gasifiers attracts and retains business and also encourages the tourist industry. Small scale industries can benefit by using it, thereby increasing their marginal profit and reducing their down time. Educational institutions can also benefit from the use of the plant since they can run their laboratory equipment on it without erratic or interrupted power supply. It will also give the institution an opportunity to explore, relocate, and train its faculty and students in an emerging environmental technology. Consequently, there will be drastic reduction on the overdependence of petrol and the effects of petroleum scarcity in Nigeria if the technology is properly adopted, supported, and developed. Application of the technology will enhance waste control, nutrient recycling, job creation, use of surplus agricultural land, provision of modern energy carriers to rural communities, and improvement of land management.
Amongst the bioenergy technologies, the biomass gasification option for meeting the rural electricity needs of domestic, irrigation, and rural small and cottage industrial as well as thermal activities is shown to have a large potential. Based on the calculation, the unit cost of electricity of using biomass gasification technology for power generation system is comparatively lower than other available bioenergy technologies. On an industrial scale, biomass gasification and power generation systems have been well established. It is an advanced and suitable technology for Remote Village Electrification (RVE) and Village Energy Security Programme (VESP). Therefore, biomass gasification technology has been shown to be an efficient way to utilize waste biomass and the gas produced. Gasification produces less harmful exhaust as biomass is very low in sulfur, chlorine, or heavy metals, which are detrimental to the environment. The biggest advantage of gasification is the use of variety of feedstock and products, as the syngas can also be used for chemical industry along with power generation. Being an agricultural country, Nigeria has strong potential for power generation from agricultural residues. Therefore, there will be continuous supply to the plant.
A 60 MW of the plant can create up to 3,500 sustainable jobs, thereby reducing unemployment and improving the economy of rural areas by empowering farmers and rural dwellers in Nigeria.
The power plants that will demand in excess of 300,000 green tonnes of solid wastes/biomass per annum could produce enough electricity for approximately 30,000 homes for a period of 20 years, based on an average residential consumption of 7.4 MWh per annum. Energy facilities operating on this scale would most likely have an installed capital cost of approximately $2 million per MW capacity. To build and commission a 30 MW bioenergy plant, the total cost is estimated as being in the range of $60 to $65 million [46]. Moreover, this technology has been receiving attention in various parts of the world because it is an environmentally sound technology, possesses a decentralized electricity generation, presents a good use of domestic resources, assists savings in foreign currency in importing energy, gives a boost to agriculture, is easy to operate and maintain, provides local employment, and efficiently replaces the fossil fuels. The disadvantages that come with the utilization can successfully be mitigated by both “good practices” and engineering measures.
Moreover, the fact that the proposed gasification plant has highly efficient process, flexibility in applications over a range of output ratings (five to hundreds of KWs), low initial investment, low cost of power production, better process control and convenience, cleaner combustion in connected equipment, and low maintenance cost gives the technology undeniable advantages over other technologies that use high grade energy generated from fossil fuels [46].
6. Economic Analysis of Biomass Gasification Technology
In order to ensure sustained and healthy growth of the biomass power sector in Nigeria, it is necessary to rationally evaluate the cost of energy generation and to determine a selling rate of the generated energy which should be acceptable to consumers and attractive to investors. On carrying out the economic potential of the biomass gasification technology adopting a fluidized bed type in meeting energy needs, Dasappa [47] and Hewitt [4] costs of building biomass gasification plants shown in Table 11 and Figure 8, respectively, were used as the reference points for the economic analysis of the biomass gasification system in Nigeria.
Table 11: Cost of building biomass gasification plant.
	

	Cost	 Potential	 
	

	Capital cost	Up to 100 kW capacity	~ 2000 USD/kW
	 	Beyond 100kW capacity	~ 1500 USD/kW
	

	Maintenance cost	Up to 100 kW capacity	~ 2.5 - 3 USD c/kWh
	 	Beyond 100kW capacity	~ 1.0 - 2 USD c/kWh
	

	Operating cost	Fuel cost	~ 2.5 - 3 USD c/kWh
	

	Power potential	Biomass consumption	1.0 – 1.4 kg/kWh
	

	Thermal energy potential	1kg of fossil fuel replaced by 3.5 kg of biomass	 
	







	
	
		
			
				
				
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
				
					
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
				
			
				
			
				
			
				
			
				
					
				
			
			
				
			
				
		
	


Figure 8: Cost of building biomass gasification plant. Source: Hewitt [4].


For the success and commercialization of any new technology, it is essential to know whether the technology is economically viable or not. Therefore, an attempt was made to evaluate economics of the biomass gasifier. In the economic analysis, among the various options that exist for checking the fiscal performance of an investment power project, the levelized generation cost (LGC) and the net present value (NPV) are the recommended indicators in the electricity industry for checking the viability of decentralized electricity generation system [48]. The merits and the economic potential and analysis of the biomass gasification technology can be evaluated in terms of the following indices:(i)Net present value (NPV): the present worth of the entire project.(ii)Benefit cost ratio (BCR): the benefits from the project which are in proportion with the costs involved.(iii)Payback period (PBP): the years it will take to get the investment back from the project, i.e., the year in which the net present value of all costs equals the net present value of all benefits. It could also be defined as the minimum period over which the investment for the project is recovered.(iv)Internal rate of return (IRR): the real return of the project or the maximum rate of interest at which capital can be arranged for the project.
6.1. Techno-Economic Model Assumptions
In the economic analysis, the cost of generation is determined mainly by the following:
(1) Capital investment cost which includes cost of the gasifier, engine generator, civil/construction work and installation, biomass preparation unit, syngas clean-up unit, electricity distribution network, and electrical and piping connection to the site of the gasifier installation.
(2) Operation and maintenance costs which include salaries and wages, cost of repair (including spare parts, water, lubrication, and miscellaneous expenses), fixed cost, fuel cost, cost of catalyst, chemicals and waste disposal, capital depreciation, average income tax, average return on investment, insurance, overhauling equipment cost, cost of administrative offices, storage areas, utilities, and other essential and nonessential auxiliary facilities.
The following models [9, 10, 49–53] are developed and used for the economic analysis of the biomass technology:
(i) Total investment cost is given by(ii) Annual amount of electricity () sent out by the power plant in kWh net is given by(iii) Operating and maintenance cost is given by(iv) Annual revenue (AR) from the sale of electricity is given by(v) Cost of fuel is given by(vi) The cost of one kWh of biomass gasification electricity generated is given by(vii) Benefit delivered annually by the project is(viii) The payback period of the project is given by(ix) The net present value (NPV) of the project is given byThe economic viability is established when the NPV is greater than 0.
(x) The benefit cost ratio (BCR) is given by
The project is acceptable if BCR is greater than 1.
The internal rate of return (IRR) is determined from the following model using numerical methods such as Newton-Raphson:
(xi)
(xii) Levelized cost of electricity iswhere
6.2. Economic Assumptions and Parameters
The total capital investment cost of the biomass conversion system with all the ancillaries as shown in Table 12 plus allowance for importation and freight charges is estimated by NERC [9] as 4000 $/kWh. The estimates of percentage share of the various cost components are as shown in Table 12 [10]. The nominal post tax weighted average cost of capital (WACC) of 17% as recommended by NERC [9] was used as the discount rate in this study while straight line method over 20 years was used for the plant/equipment depreciation.
Table 12: Biomass gasification cost breakdown (2010 US $).
	

	Item	Capital Cost	Proportion of Cost
	

	Consultancy/Design	324.5	6%
	Civil works	705.1	13%
	Fuel Handling/Preparation	324.5	6%
	Electrical/balance of plant	217.0	4%
	Converter system(gasifier)	3362.9	62%
	Prime Mover	488.2	9%
	


Source: NERC [9].


The average price of ₦3 per kg (USD 0.025) based on the estimate of the previous study of 2003 [54] escalated to its supposed cost in 2010 USD using inflation rate of 3% [49]. The other economic parameters used in the analysis presented by NERC [9] are given in Table 13.
Table 13: Economic parameter for biomass gasification power plant.
	

	Parameter	Value
	

	Investment Cost	4000 $/kW
	Fixed Operation and Maintenance cost	56 $/kW-yr
	Variable Operation and Maintenance cost	5.17 $/kW-yr
	Electricity tariff	0.17 $/kW-yr
	Fuel Cost	0.024 $/kg
	Fed Income tax	32%
	Risk free rate	18%
	Capital from debt	70%
	Capital from equity	30%
	Nominal Cost of debt	24%
	Nominal return on equity	29%
	Nominal after tax WACC	17%
	


Source: NERC [10].
1 USD = ₦150 for the 2010 US $ (based on the available data).


Table 14 shows some other parameters used to carry out the economic analysis of the gasification system.
Table 14: Additional economic parameter for biomass gasification power plant.
	

	Parameter	Percentage of Initial Investment
	

	Depreciation	19
	Interest rate	10
	Discount rate	10
	Salvage value	10
	Labour	10
	Repair and Maintenance cost	3
	



Following the economic parameters given above, the breakdown of the investment cost of the proposed 60 mW biomass gasification system for decentralized electricity generation is shown in Table 15. Using some economic assumptions and factors [55–57], the estimated cost structure of the biomass gasification system is shown in Table 16.
Table 15: Biomass gasification capital investment cost breakdown.
	

	 Item	Capital Cost (US $)
	

	 Consultancy/Design	16,200,000
	 Civil works	35,100,000
	 Fuel Handling/Preparation	16,200,000
	 Electrical, auxiliaries and accessories of plant	10,800,000
	 Converter system(gasifier)	167,400,000
	 Prime Mover (Engine)	24,300,000
	 Capital Investment Cost	270,000,000
	



Table 16: Estimated cost structure of biomass gasification plant.
	

	Installed capacity of the Biomass Gasification plant	60 MW
	Annual Hour of Operation	8,000
	Life in Years of plant	20
	Biomass in tons dry mass/year	400,000
	

	Biomass Gasification System Capital Investment	$ 270,000,000
	Interest on value of the machinery and equipment	$ 25,650,000
	Depreciation	$ 51,300,000
	Annual Labour cost	$ 27,000,000
	Annual repair and maintenance cost	$ 8,100,000
	Insurance and taxes	$ 2,700,000
	Total Biomass cost/year	$ 10,800,000
	

	Total Cost	$ 395,550,000
	Annual Electricity production from the plant	170,294,000 kWh
	Cost of kWh of Biomass gasification electricity generated	$ 0.21
	Cost of operation per hour	$ 49,443.75
	Benefit delivered annually	$ 35,761,824
	Net Present Value of the benefit	$ 304,440,408
	Net Present Value of operation and maintenance cost	$ 347,751,230
	Accumulated Net Present Value of all the cost	$ 833,301,230
	Net Present Value of the benefit	$ 528,860,822
	Benefit Cost Ratio	0.365
	



Based on the recommended cost of USD 0.025/kg, Table 16 shows the estimated cost structure of the gasification power plant project. Although investment in biomass gasification power plant will bring economic dividends to the rural dwellers, the results of the financial analysis reveal that investing in the gasification system for electricity generation in Nigeria areas is not economically viable and profitable as shown in Table 16. The negative net present value of -US$528,860,822 and the benefit cost ratio that is far less than 1 are financial indicators of a huge financial loss if the cost of electricity generated at US$ 0.21/kWh (₦35/kWh).
Table 17 depicts the estimated cost structure of the biomass gasification system for electricity generated at levelized generated cost of $0.5775/kWh which is almost three times the tariff set by NERC [9]. Although the net present value of the project is positive as shown in the table, it is not advisable and profitable to invest on this project at the given levelized generation cost since the cost benefit ratio indicated unity and the payback period of the project is approximated equal to the life in years of the plant. Moreover, the high levelized generated cost of $0.5775/kWh (₦96/kWh) will be unaffordable by the rural dwellers.
Table 17: Estimated cost structure of biomass gasification plant.
	

	Installed capacity of the Biomass Gasification plant	60 MW
	Annual Hour of Operation	8,000
	Life in Years of plant	20
	Biomass in tons dry mass/year	400,000
	

	Biomass Gasification System Capital Investment	$ 270,000,000
	Interest on value of the machinery and equipment	$ 25,650,000
	Depreciation	$ 51,300,000
	Annual Labour cost	$ 27,000,000
	Annual repair and maintenance cost	$ 8,100,000
	Insurance and taxes	$ 2,700,000
	Total Biomass cost/year	$ 10,800,000
	

	Total Cost	$ 395,550,000
	Annual Electricity production from the plant	170,294,000 kWh
	Cost of operation per hour	$ 49,443.75
	Benefit delivered annually	$ 98,345,016
	Net Present Value of the benefit	$ 837,211,121
	Net Present Value of operation and maintenance cost	$ 437,751,230
	Accumulated Net Present Value of all the cost	$ 833,301,230
	Net Present Value of the project	$ 220,642,467
	Benefit Cost Ratio	1.00
	Payback period of investment	19.19 years
	Internal rate of return	10
	Levelized cost of kWh of gasification electricity generated	$ 0.5775
	Annual revenue from the sale of electricity	$ 41,666,511
	



The estimated cost structure of the biomass gasification system with a planned selling price of $0.727/kWh is shown in Table 18. From the table, the net present value of the project is positive, the cost benefit ratio is greater than 1, and the payback period of the project is 10.14 years. These economic indicators established the economic viability of the project at the given cost. However, the selling price of $0.727/kWh (₦120/kWh) is on the very high side which will not be affordable by the rural dwellers. Since the biomass gasification technology represents the least-choice technology for rural electrification especially where there is no extension of electricity grid [49], the capital investment cost, operation and maintenance cost, and fuel cost should be reduced through development of the gasification system using local materials, purposeful and efficient plantation of biomass for the energy generation, giving out of financial incentives by the government to the investors, and locating the power plant very close to the source of feedstock generation.
Table 18: Estimated cost structure of biomass gasification plant.
	

	Installed capacity of the Biomass Gasification plant	60 MW
	Annual Hour of Operation	8,000
	Life in Years of plant	20
	Biomass in tons dry mass/year	400,000
	

	Biomass Gasification System Capital Investment	$ 270,000,000
	Interest on value of the machinery and equipment	$ 25,650,000
	Depreciation	$ 51,300,000
	Annual Labour cost	$ 27,000,000
	Annual repair and maintenance cost	$ 8,100,000
	Insurance and taxes	$ 2,700,000
	Total Biomass cost/year	$ 10,800,000
	

	Total Cost	$ 395,550,000
	Annual Electricity production from the plant	170,294,000 kWh
	Cost of operation per hour	$ 49,443.75
	Benefit delivered annually	$ 123,804,026
	Net Present Value of the benefit	 $ 1,053,943,697
	Net Present Value of operation and maintenance cost	 $ 437,751,230
	Accumulated Net Present Value of all the cost	 $ 833,301,230
	Net Present Value of the project	$ 220,642,467
	Benefit Cost Ratio	1.265
	Payback period of investment	 10.14 years
	Internal rate of return	17.55
	Selling price of kWh of gasification electricity generated	$ 0.727
	Annual revenue from the sale of electricity	$ 41,666,511
	



7. Conclusion
In this work, the techno-economic potential of biomass gasification technology in Nigeria has been studied and analyzed. From the technical and the economic analyses, the possibility and economic viability of the technology of meeting the present energy crisis in Nigeria are established. The advantages and the various applications of the technology were demonstrated. The disadvantages such as high capital cost and selling price per kWh, standardization of the technology packages with services, and logistics problems that come with the technology could be mitigated with “good practices” and engineering measures. Since the utilization of biomass gasification technology will practically and drastically obviate if not totally eliminate the energy crisis in Nigeria especially in rural areas where there is no extension of electricity grid, it is therefore recommended that the technology should be adopted with reduced capital investment cost, operation and maintenance cost, and fuel cost through development of the gasification system using local materials, purposeful and efficient plantation of biomass for energy generation, giving out of financial incentives by the government to the investors, and locating the power plant very close to the source of feedstock generation. This will reduce the cost of electricity generation and the payback period and it will also encourage the development of the biomass gasification.
Nomenclature
	AR:	Annual revenue
	:	Benefit delivered annually
	BCR:	Benefit cost ratio
	C:	Total capital investment cost
	:	Cost of kWh of electricity generated from the biomass gasification plant
	:	Cost of electricity, accessories, auxiliaries, and miscellaneous
	:	Cost of biomass
	:	Cost of fuel (biomass)
	:	Cost of gasifier or fuel conversion system
	:	Cost of prime mover
	:	Total capital investment of the project
	:	Cost of civil work
	:	Additional costs (labour, repair and maintenance, building services, stores, insurance, and taxes costs)
	CF:	Capacity factor
	d:	Inflation-adjusted discount rate
	E:	Annual electricity production from the plant
	:	Total project investment cost
	I:	Real rate of return
	IRR:	Internal rate of return
	:	Fraction of the capital cost of biomass gasification power plant used for the operation and maintenance of gasifier
	:	Fraction of the capital cost of biomass gasification power plant used for the operation and maintenance of prime mover (engine)
	:	Fraction of the capital cost of biomass gasification power plant used for the operation and maintenance of engineering and construction work
	:	Fraction of the capital cost of biomass gasification power plant used for the operation and maintenance of accessories and miscellaneous
	:	Fraction of the capital cost of biomass gasification power plant used for the purchase of fuel and fuel handling
	:	Fraction of the capital cost of biomass gasification power plant used for the labour, repair and maintenance, building services, stores, insurance, and taxes
	:	Biomass mass conversion potential, kg/kWh
	MLF:	Marginal loss factor
	:	Number of manpower required
	m:	Percentage of initial investment for annual operating and maintenance costs
	N:	Annual hour of the plant
	n:	Life in years of plant
	NPV:	Net present value
	PBP:	Payback period of investment
	:	Plant installed capacity
	:	Percentage power consumption by the auxiliaries
	:	Power rated or installed output
	:	Nominal cost of debt
	:	Nominal cost on equity
	SFCR:	Specific fuel consumption rate
	T:	Company tax rate
	V:	Total market value, %
	W:	Market value on equity, %
	:	Wage rate for manpower in Nigeria
	X:	Market value on debt, %.
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