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Abstract  

 

The need for proper location studies, distance and transportation cost optimization of hauling of 

wastes from generation centres to centralized treatment centres cannot be overemphasized. The 

goal of this study is to evaluate the economic viability and to optimize these available sites 

considering investment cost, operational cost etcwhich are critical factors in siting of facility. 

Three locations were selected as suitable regions for siting biogas plant in Anambra State based 

on previous studies. The regions includes: Onitsha North, Njikoka and DunukofiaLocal 

Government Area (L.G.A) of Anambra. Economic parameters for location decisions such as 

Investment, maintenance, operational costs were used to determine the biogas profitability for 

the three locations.The economic viability study was carried out using biogas profitability index 

value. The result of the study shows that the profitability index value is 1.498894, 1.732658, and 

1.433577 for Onitsha North, Njikoka, Dunukofia L.G.A respectively. Njikoka has the highest 

investment cost as well as the highest profitability index value, while Dunukofia has the lowest 

investment and the lowest biogas profitability index value. 
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1. Introduction 

In the present day, the need, and practice of reclamation of bio-wastes produced from 

animal waste is gaining approval from developed and developing countries of the world as a 

result of the impact of climate change on the human environment. Small scale biogas plants are 

rarely used on farm level across the study area by farmers, despite the energy crisis confronting 

the country at large. The current trend towards sustainable renewable energy in developing 
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countries calls for a systematic approach of farm waste management and treatment, which can 

be achieved only by a strategic planning approach. One of the biggest barriers in utilizing 

biogas potential in the study area is the dispersion of livestock farms across the state which are 

relatively small farms that are not capable of having economically viable biogas 

production.Although there are potential economy of scale for the centralized digester, manure 

transportation and handling costs can offset the economic savings if there are not sufficient 

farmers willing to participate in close proximity to the proposed facility (ESA, 2011). 

Hence the need for proper location studies, for distance and transportation cost 

optimization of hauling of waste from generation centres to centralized treatment centres 

(biogas plant).A few of the key parameters influencing the  viability of community biogas 

digesters in Anambra State will be the distances between bio-waste sources and central 

digesters, feed in tariffs, manure prices, willingness to invest in biogas production industry, 

maintenance cost etc.In 1984, the first centralized biogas plant was established in Demark. 

This plant, like most of its successors, was equipped with combined heat and power production 

facilities, as heat was supplied to a nearby village and electricity was sold to the electricity grid 

(Hjort-Gregersen, 1999). In Countries such as Denmark and Germany, the centralized biogas 

plants have been developed since 1980s and proved to be economically viable [Kurt 2002; 

Weiland 2003].Ghafoori and Flynn (2006)  on biogas plant feasibility study in Red Deer 

County in Canada noted in their study that small farm based manure digesters are less cost 

effective than centralized units that receive manure from many producers. They noted that 

farmers that want to process manure and produce power are better off, to transport their 

manure than to process it on site. For the mixed farming area that they intensively studied, it 

was observed that even a feedlot with 7,500 beef cattle could not make power from manure as 

economically as a centralized digester, and the cost penalty is greater for smaller farms. The 

critical factor favouring a centralized digester they reported is the lower capital cost per unit of 

input/output realized in a large economically sized plant; this savings is greater than the cost of 

transporting manure to and digestate from the plant. 

A recent study conducted by Chukwuma (2016) on suitability analysis for location of biogas 

plant in Anambra state indicates that three locations were classified as the most suitable location: 

they include Onitsha, Njikoka and Dunukofia LGAs of Anambra State. As a further study, the 
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objective of this research is to determine the economic viability of centralized biogas plants in 

these three locations and its economic viability using profitability index methodology. 

2.0 Material and methods 

2.1 Study Area  

Anambra State is one of the 36 states of Nigeria, and is located in the South East geopolitical 

zone of the country. The State occupies a land area of about 4,844 square kilometer and is 

bounded in the East by Enugu State, in the North by Kogi State, in the South by Rivers and Imo 

States, and in the West by Delta State.The national population census of 2006 gave the 

population of Anambra State as 4.06 million with a population density of 1,500 to 2,000 persons 

living within every square kilometer. The State is divided into 21 local government areas with 

Awka as its state capital. Figure 1 below shows map of Nigeria on the globe, and the three study 

areas on Anambra State Map indicated with arrow.  
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Figure 1: Map of Anambra State showing the three study areas and Nigeria showing Anambra 

State. 

2.2  Economic Analysis 

 The goal of this study is to assess the economic viability of biogas energy centres, considering 

important economic parameters such as investment cost, operational cost etc.  These are critical 

factors in siting of facility. The profitability analysis will be used to select the best site from the 

three major regions that were classified as the best sites which are located in Onitsha, Njikoka 

and Dunukofia L.G.A of Anambra State. Pofitability analysis implies that at some point in the 
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operations, total revenue is above total cost. It computes the amount of goods required to be 

sold just to cover cost. Profitability analysis can be especially useful in location analysis when 

the costs of each location is known. This study applies cost benefit analysis in comparing 

location alternatives on the basis of quantitative factors (ie transportation cost, quantity of 

manure available etc) that can be expressed in terms of total cost. Basic steps in the 

profitability analysis includes: (a) Determination of the variable and fixed cost (b) 

Determination of revenue to be accrued from selling bio-product and services (c) Computation 

of profitability index based on (a) and (b) above.  

The total cost for sitting the central sitting of biogas plant is divided into investment cost (fixed 

cost) and variable cost. Fixed cost comprises of land, property taxes, insurance, equipment, and 

building while the variable cost include labor, materials, transportation costs, and variable 

overhead. 

2.3 Estimation of Investment or Capital Cost 

Capital costs for the construction of this type of Anaerobic Digester AD plants was assumed to 

be a function of the plant nominal capacity, according to a moderate scale economy. A plot of 

investment cost against biogas electrical power production in Kilowatts of electricity (KWe) is 

shown in Figure 2 was used in investment cost estimation of biogas plant in this study. 
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Figure 2: Capital investment (Io) as a function of AD plant nominal capacity. 

Source: ( Florese et al., 2008) 

 

The nominal capacity for biogas plant was estimated based on Pantaleo et al., (2013), the gross 

electrical power Pe(kWe) of a biogas plant, can be expressed as a function of the input biomass 

according to the equation 1 : 

𝑃𝑒 = [(𝑄𝑝 × 𝑇𝑆𝑝 × 𝑉𝑆𝑝 × 𝐵𝑌𝑝 × 𝐵𝐴𝑝 ) + (𝑄𝑐 × 𝑇𝑆𝑐 × 𝑉𝑆𝑐 × 𝐵𝑌𝑐 × 𝐵𝐴𝑐)]
𝐶𝐻4 ×𝐿𝐻𝑉×ᶯ𝑒

𝐻
   1 

 

Where Qp (t/yr) and Qc (t/yr) arerespectivelytheannual poultry biowaste and annual cattle  

biowasteconsumptionofthebiogaspowerplant, TS (%),VS (%), BY (N m
3
/t) and BA (%) 

arerespectivelythetotalsolids percentage, volatilesolidspercentage,biogasyieldofthevolatile 

percentage and biogas availability ofthebiomass;CH4 (%) isthe percentage 

ofnaturalgasinthebiogasand LHV (kW h/Nm
3
)is the low heating value of natural gas; ᶯe is the 

electric efficiency of the power plant and H the annual operating hours (h/yr). The values of the 

parameters used in the above equation are shown in Table 1 below: 
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Table 1: Average Biogas composition values 

S/N Onitsha Njikoka Dunukofia 

Qp
(c)

 (Ton) 57,412.95 

 

63,914.07 

 

54,982.76 

 

Qc 
(c)

 (Ton) 6,914.6 6,914.6 6,914.6 

TSp
(b) (%) 20 20 20 

TSc
(b) (%) 8.5 8.5 8.5 

VSp
(b) (%) 80 80 80 

VSc
(b) (%) 80 80 80 

BYp
(b) (%) 4.75 4.75 4.75 

BYc
(b) (%) 0.25 0.25 0.25 

BAp
(b) (%) 70 70 70 

Heating Value(b) 

MJ/Nm³ 

25.2 25.2 25.2 

Electric efficiency(a) 

 

0.44 0.44 0.44 

Annual Operation 

Hour(a) 

(hours/yr) 

7468 7468 7468 

Source: 
(b)

AlSeadi et al., (2008);
(a)

Florese et al., (2008); 
(c)

Author’s research 

 

Qpwas estimated by summing up all the livestock waste generation point within a distance of 

40km to each of the three locations. Höhn et al., (2014) reported that a maximum transportation 

distances for raw materials vary from 10 to 40 km. In the present study the upper end was used to 

estimate the collection area and associated biogas production potential. Distance above 40km 

was excluded in the available waste because of economic considerations.  

Capital cost of a project does not always vary linearly with plant capacity. The cost of a 

specific item depends on size or scale and can usually be correlated by the approximate 

relationship. Equation 2 below proposed by Marouli and Maroulis,(2005) and Figure 2 above 

were used to approximate the investment cost of the biogas plant. 

𝐶1

𝐶2
= (

𝑄1

𝑄2
)𝑛    2 
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Where C1 = cost of the item at size or scale Q1; C2 = cost of the reference item at the size or 

scale Q2.n = scale exponent or cost capacity factor. Amigun and Blottniz(2010) determined 

capital cost relationship for small–large scale biogas systems and reported that the value of n for 

small and large scale biogas plant is 1.21 and 0.8 respectively. The value of n=0.8 was used in 

the estimation of the investment cost of the biogas plant since the capacity of the proposed plants 

would be a large scale operating bio-energy plant. 

2.3 Estimation of Variable Cost 

The variable cost consists majorly of transportation cost, operational cost and maintenance cost. 

The transportation cost was estimated using equation 4 below (Fiorese et al., 2008) 

𝑇𝑐 =   [(𝑉𝑡𝑐 ∗ 𝑑𝑖𝑗𝑠
𝑁
𝑖=1 + 𝐹𝑡𝑐 )𝑎𝑖𝑗 ∗ 𝑥𝑖𝑗 ]        3 

Where aij is the biomass available in the i-th demand point, s=1 for poultry biowaste and s=2 

cattle biowaste; xij is the fraction of biomass in the i-th livestock site or abattoir centre conferred 

to the jth plant. The value of xijwas taken to be 1, since all the waste in each demand points 

should be treated.The transportation cost comprises of both fixed costs (Ftc) representing loading 

and unloading operations, and variable costs (Vtc) which is a function of distance as shown in 

Figure 3 (adapted from Ghafooriet al., 2007).The transportation costs (Tc) considered the cost of 

manure transportation cost to the plant only without including  digestate round-trip transportation 

costs, this is based on the fact that majority of livestock farms and abattoir centres does not really 

need the digestate for farming, the cost of digestate transportation will be incurred by farmers 

who needs the digestate for farming needs.. Dij is the Euclidean distance (in km) between the 

demand points and the suitable points. The value of dij was estimated based on upper distance of 

40km, the Euclidean distance was multiplied with the factor 1.4 so as to determine the actual 

distance (Leduc et al., 2010). 
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Figure 3: Cost of transporting manure by truck: ‘‘a’’ is the distance fixed cost, and the slope 

‘‘b’’ is the distance variable cost. 

Source: Ghafoori et al., (2007) 

 

2.4 Estimation of Plant Operational Cost 

The operational cost for biogas plant consists of personnel (labour) costs and overheads; cost of 

consumable like lime and active carbon, for the removal of odours and other noxious gases; 

pretreatment of feedstock cost etc.Sotirios et al., (2010) proposed that 3-5% of the total 

investment cost should be used for the operational.3% of the investment cost was used as the 

operational cost. 

Plant maintenance costs (Pmain) was calculated as a fraction of gross energy outputEo.Fiorese et 

al., (2008), proposed the gross energy output to be given by: 

𝐸𝑜 =
1

3.6
∗  1 − 𝑓𝑒𝑙  ∗ ᶯ𝑒𝑙 ∗ 𝐿𝐻𝑉∗  𝑎𝑖𝑠

𝑁
𝑖

∗ 𝑉𝑆𝑐 ,𝑝 ∗ 𝐵𝑌𝑐 ,𝑝)𝑥𝑖𝑗  4 

xij are the fractions of biomass in the i-thbiowaste site conferred to the jth plant; fb is Organic 

fraction in the s-th biomass; BYc,p is the  Biogas yield for biomass s; LHV  Biogas low heating 

value; fel is the electrical auto-consumption fraction; ᶯel is the electrical efficiency of the biogas 

plant. The above equation was multiplied by 3% to obtain the plant maintenance value. 
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2.5 Profitability Analysis of Centralized Biogas Plant 

A situation where either the government, interested companies, NGOs and organization owns the 

centralized biogas plant and situation where farmer’s co-operative society decides to finance and 

operate the biogas plant has long been sought for. The profitability analysis of centralized biogas 

plant was carried out in this study, this is based on Puksec and Duic (2012) centralized biogas 

plant assessment methodology. Nigerian Electricity Regulatory Commission seek to encourage 

investment in renewable energy for power generation to achieve 10% of the total energy mix, 

hence Feed-in Tariff structure which is renewable technology based has been established. A 

proposed Feed-In-Tarrif (FIT )presented by Acting Director of Electrical Inspectorate services 

Department is shown below: 

Table 2: General Assumptions of determination of FIT in Nigeria 

 

Source: Nigeria Federal Ministry of Power (2013) 

 

A general assumption for 5MW biomass installed capacity for electricity generation is shown 

above. The economic life of such renewable energy is estimated at economic life of 25 years. 

The renewable energy FIT structure for Nigeria considered Small Hydropower (SMHP), wind 

power etc as sources for renewable energy plan for the country. Table 3 shows the increasing 

FIT applicable to biomass renewable energy source. 
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Table 3: Renewal Energy Feed-in-Tariff Structure of Nigeria 

 

Source: Nigeria Federal Ministry of Power (2013) 

From the Table 3 above, FIT for biomass energy source seems to be the highest. Electricity 

generation using biomass renewal energy source could be a highly profitable venture in the study 

area. In the situation that farmers take over all of the investment as well as operating costs of the 

plant, then the most important parameter would be the profitability of the plant. The biogas 

profitability index is givenin. Equation 5 by Puksec and Duic (2012) as: 

𝐵𝑝𝑖 =
𝐹𝐼𝑇  

𝐵∗𝐿𝐻𝑉∗ᶯ𝑒𝑙

1+Rel
𝐴 

(𝐼𝑜 + 𝐶𝑜&𝑀)
                                                                                              5 

whereBpi, biogas plant profitability index.FIT, feed in tariff (N/kWh); B, yearly biogas 

production (m
3
/h); LHV, energyvalue of biogas (kWh/m

3
); CHP efficiency; A, availability 

(h/year) and Rel/heat, CHP electrical energy/heat ratio. 

 

3.0 Results and Discussions 

The nominal capacity for Onitsha was estimated to be 3661.35 (kWe), while the nominal 

capacity for Njikoka and Dunukofia L.G.A is about 3969.46 (kWe) and 3546.18 (kWe) 

respectively using equation 1. Using equation 2 and Figure 2 the capital cost for each location 

was estimated as shown in Table 4 below.dijwas estimated to be 2070.09km for Onitsha, 

2219.95km for Njikoka and 2012.38km for Dunukofia supply points. The actual distance 

according to Leduc et al, (2010) was determined to be 2898.126, 3107.93 and 2817.332 

respectively for Onitsha, Njikoka and Dunukofia supply points. Using equation 3, the total 



Chukwuma et. al. /Journal of Engineering and Applied Sciences13 (2015),1-10 51 
 

JEAS   ISSN: 1119-8109 

 
 

transportation cost per ton for the various locations were estimated to be N39640.7, N 

37010.45 and N 35997.46 for Onitsha, Njikoka and Dunukofia supply points. The annual plant 

operational cost and maintenance cost were also obtained as stated in section 2.4 above, the 

values of each of these cost is shown in Table 4 below: 

Table 4: Bio-energy plant costs in Naria 

S/N Onitsha North Njikoka Dunukofia 

Investment (Fixed) 

Cost 3,744,950,510 3,995,101,272 3,650,494,960 

Maintenance Cost 67,663.36 73,357.36 65,543.97 

Transportation Cost 39640.7 37010.45 35997.46 

Operational Cost 74899010.2 79902025.44 73009899.2 

Total Variable Cost 75,006,314.26 80,012,393.25 73,111,440.63 

Total Cost 3,894,963,139 4,155,126,059 3,796,717,841 

Biogas Profitability 

Index 

1.498894 

 

1.732658 

 

1.433577 

 

 

From Table 4 above, Njikoka has the highest investment cost as well as the highest profitability 

index value, while Dunukofia has the lowest investment and the lowest biogas profitability index 

value. The Table also shows that increase in investment cost led to increase in the biogas 

profitability index. This could be attributed to profit arising from economy of scale in large scale 

plants. 

4.0. Conclusion  

The goal of site selection optimality analysis is to select the best single site considering 

economic indices for bio-energy plant sitting. Biogas profitability index analysis was evaluated 

based on various equations on investment, operational, and maintenance costs. The result of the 

study indicates that Njikoka LGA has the highest profitability index with biogas profitability 

index of 1.7. The least total cost amongthe three locations however Dunukofia LGA is and could 

serve as alternative location if financial limiting conditions are placed on the bio-energy plant 

project. It is recommended that provision of incentives to accelerate renewable energy adoption 
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among various stakeholders and establishment of appropriate financing schemes for investment 

in renewable energy projects should be implemented in Anambra State. 
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