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Abstract  

This paper presents BTS life cycle cost analysis of diesel generator and National grid in Nigeria. The BTS cost 

analysed was cost of BTS power equipment acquisition, operation and maintenance. The load demand of BTS 

was accessed using the load demand of  diesel generator and National grid. The life cycle cost was used to 

compare diesel generator and the National grid. LCCA is an economic method in which all cost arising from 

owning, operating, maintenance and disposing of power equipment are analysed. LCCA is well suited to the 

economic evaluation of design alternatives that satisfy a required performance level. It may have different 

investment, operating maintenance cost or repaired cost and possibly different life span. It is particularly 

relevant to the evaluation of investments where high costs are traded for reduced future cost obligation. The 

determination of the economic viability of diesel generator set system is important  to  effectively compare cost 

competitiveness with the National grid. Most of the base stations  in Nigeria are in the rural areas there is  no 

power supply from the national grid and two diesel generators are used as back up source in case of power 

failure or outages. In addition, some sites are so far from the point where diesel can be obtained that they 

required tanks to store up to three months fuel. The methodology used in this work was to visit a BTS and 

access the load demand. The demand was now used to compute the life cycle cost for generator set and the 

National grid system. From the LCC analysis conducted to assess the economic viability, the result of this study 

shows that the generator set should be encouraged to power remotely located BTS. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Energy has a major impact on socio-economic 

development by playing a key role in economic, 

social and political advancement of any Nation. 

Inadequate supply of energy limits advancement in 

all spheres thereby causing depreciation in the quality 

of life among citizens. In Nigeria, it is a phenomenon 

that as soon as there is power loss, diesel or petrol 

generator is used. 

 

Nigeria is one of the biggest telecom markets in 

Africa, however telecommunication operators are 

finding it difficult to cope with electricity situation of 

the country. Diesel generators sets are used as backup 

but the cost of maintaining these generators is quite 

high. Obtaining a reliable cost effective power 

solution for the worldwide expansion of 

telecommunication into rural and remote areas 

presents a very challenging problem. Grids are either 

not available or their extensions can be extremely 

costly in remote areas. Most of these base stations are 

in rural areas with or without any power supply from 

the national grid with two diesel generators as back 

up source in case of power failure or outages. In 

addition, some sites are so far from the point where 

diesel can be obtained that they required tanks to 

store up to three months fuel. The initial costs are low 

for conventional powering systems of sites which 

require significant maintenance, high fuel 

consumption and delivery costs due to hike in fuel 

price especially diesel. 

 

The present use of conventional power is assumed to 

be the reason for the high cost of tariff while the use 

of renewable energy source in running 

telecommunication BTS will enhance overall system 

efficiency through improved sustainable energy, 

service delivery, network performance, and 

reduced/stabilized GSM tariff payment plan for 

subscribers [Aboba, A. Abdultahttah 2008]. 

 

In this work, the economic viability of the National 

grid and diesel generator is analysed.  The Life cycle 

cost analysis economic tool was used to compare the 

conventional (generator set) method and National 

grid with a view of finding the cheapest and reliable 

system.  
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PREVIOUS WORK 

[Mohanlal Kolhe et al 2002]  in a paper economic 

viability of stand-alone solar photovoltaic system in 

comparison with diesel powered system in India, 

stated that the cost of PV systems decreases and 

diesel cost increase, the break even points occur at 

higher energy demand. 

 

[Bejamin O. Agajelu et al 2013]  in a paper Life cycle 

cost analysis of a Diesel/Photovoltaic hybrid power 

generating system state that the economic analysis 

shows that the hybrid system has the least life cycle 

cost and cost of energy out of the three power 

systems considered. 

 

[Bala E.J, et al 2008] in a paper assessment of diesel 

generator and solar PV for  use in the Global System 

for mobile communication (GSM) phone industry in 

Nigeria showed that the solar PV is less costly to be 

deployed in the phone industry for period over five 

years. 

 

[Sheeraz Kirmani; et al 2010] in a paper techno 

economic feasibility analysis of a standalone PV 

system to electrify  rural area household in India, 

stated that the Life cycle analysis conducted to assess 

the economic viability of the system shows that it is 

encouraging to use the PV systems to electrify the 

rural sites in India. 

 

METHODOLOGY 

The methodology of this research includes but not 

limited to the follows: 

a) The base transceiver station located at Eyean 

community, off Benin bypass, in Benin City, 

Nigeria was visited and the load demand 

assessed. This is shown in Table 1 

b) A cost analysis using life cycle cost was 

carried out to evaluate the economics of the 

system and to compare generator set with 

National grid. 

c) Sizing of both generator set and National 

grid were computed.  

Table 1: Base station Load Demand -Hybrid-1 (Batteries, Generator And National Grid) 

CODE: T3307 

DOKPA- Eyean Community, Benin City.  

 Co ordinates :6
0
 23’17”N latitude and 5

0
 43’ 48” E longitude  

S/s DESCRIPTION MODEL QTY TYPE OF 

VOLTAGE 

POWER 

RATING 

(Watts) 

HOURS 

USED 

DAILY HOUR 

USED (kWh) 

1 Hybrid controller Hawei 1 AC 480 24 11.52 

2 DC auto controller Huawei 1 DC 326 24 7.82 

3 Heat extractor Huawei 1 DC 480 24 11.52 

4 Air conditioner LG 2 DC 1200 24 28.80 

5 Base Transceiver/24v Ericsson 1 DC 240 24 5.76 

6 Base transceiver/48 Ericsson 1 DC 480 24 11.52 

7 Power amplifier Kathrein 1 DC 480 24 11.52 

8 Power amplifier Kathrein 1 DC 1200 24 28.80 

9 Tube Philips 2 AC 38 12 0.46 

10 Auto transfer signal Huawei 1 AC 50 24 1.20 

11 Air conditioner for rectifier Huawei 1 DC 600 24 14.40 

12 Power monitor unit Huawei 1 DC 250 24 6.00 

13 Aviation light Ericsson 1 AC 25 12 0.30 

14 Security light Ericsson 1 AC 200 12 2.40 

15 Microwave antenna Huawei 3 DC 18 24 0.43 

16 Pillar Ericsson 3 DC 30 24 0.72 

 Total  6097 336 112.31 

 

Table 2: Diesel Generator Investment Cost 
S/N Item Qty Unit Cost (N) Total Cost 

(Nm) 

1 Gen. Set 
20KVA 

2 2,500,000.00 5,000,000.00 

2 Sundry Lot 25% of Gen set 1,250,000:00 

3 Total   6,250,000:00 

 

LCC ANALYSIS OF DIESEL GENERATOR 

 

SIZING OF THE DIESEL GENERATOR 

Maximum load of the BTS = 15880W  

Generator Capacity (KVA =  

   Where,        0.8 = power factor 

      = 19.85KVA 20KVA  

20KVA generator was chosen 

 

COST ANALYSIS OF THE DIESEL 

GENERATOR. 

The capital cost for the 17KVA generator set include 

purchasing, transportation installation etc = 

N5,063,625.00 

 

LIFE FUEL COST (LFC) 

Life fuel cost is a recurring cost and is given as: 

LFC = AFC          (1) 

 Where 

LFC = Life cycle fuel Cost 

Fe = Fuel escalation value 20% (used because in the 

last 5years the cost of diesel/litre has increased 

greater by 20%) 

Dr = discount rate 9.8% (Dec. 31, 2007) 
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N = the cycle period in year.  

AFC = Annual fuel cost 

AFC = 4.00Lt/h x 24 x 365 x 160/litre 

AFC= N5, 606,400.00 per/year 

Recalling 

LFC = AFC      (2) 

  

LFC= AFC x 11.439x  

              = N 5606400 X 11.429 X  

 

Now using equation (1) above we can calculate for 

various value of N years. 

We can also use LCC factor in [Life cycle cost 

manual 1991]. 

For example, when N = 1 

LFC = N 5606400.00 x 1.0096 

                = N5, 657,418.20 

Similarly,  

When N = 3, LFC = N17, 126,991 

When N = 5, LFC = N28, 805,683:00       

Same method is used to calculate for the remaining 

periods in Table 5 

 

ROUTINE SERVICE 

LRSC = ASC     (3) 

Annual routine service cost which is 5% if generator 

set price = N202, 545:00 

Routine is takes place every 250 hours of operation. 

We have 35 times of routine service per year. 

ASC = 202545 x 35 = N7, 089,075:00 

ASC = N7, 089,075:00        

Fe = escalation rate of 10.5% is used 

Dr = discount rate of 9.5% is used 

N = No of years 

However LCC analysis manual on appendix1attached 

will be used to evaluate for various years in Table 3 

For example for N = 10 years 

LRSC = N7,089,075:00 .00 X 10.5139 

 =N74,502,284:00  

 

LIFE REPLACEMENT COST FOR 

GENERATOR  

LRCGEN = ARCGEN  (4) 

LRCGEN = Life replacement cost for generator 

FE = escalation rate  

Dr =Discount rate   = 9.5% 

N = Life cycle period  

ARCGEN= Annual replacement cost for generator  

              =  

When N = 5 years 

Cost of generator = N4,050,900:00  

ARCGEN = = N405,090:00 

Using the LCC analysis manual [life cycle cost 

manual 1991]  

LRCGen = 405090 x 10.5139 

               = N4,259,075.8 

For N =20 years 

LRCGen = N202,545 x 22.0236 

  = N4,460,770.10 

For N = 30 years 

LRCGen = N135030 x 34.6236 

                =N4,675,224.70  

 

TOP CYLINDER OVERHAUL 

This is done every 150 hourly, which is about six 

operations per year. 

 This is usually 2.5% of capital cost 

             = 0.025 x 4050900 

             = N101,272.50 

Since it is done six twice a year. 

  6 x N101272.50 

Top cylinder overhaul is given as N 607635.00 

 

LIFE REPLACEMENT COST FOR TOP 

CYLINDER 

LRCTOP ARCTOP

                 (5) 

Where, ARCTOP = 

  

              =    = N20254.50 

Using LCCA factor in appendix 1 and N is 30 years 

LRCGEN= N20254.50 x 34.6236 (LCCA factor) 

              =N701283.71 

 

COMPLETE ENGINE OVER HAUL 

It involves replacement of the following; crank shelf 

bearing of the engine block, serves, piston cylinder 

heads etc. It is done every 6000hourly at the cost of 

6% of the capital cost . It requires seven operations of 

complete engine overhaul before any replacement. 

This is 6% of capital cost 

0.06 X N 4050900 

            = N243, 054.00 

This operation is done seven times before each 

replacement. 

It means 7x N242054 = N 1,701,378:00 

ARCeng  =   N 1,701,378:00 

N = 30 years 

               =      

               = N 56712.60 

   LRC Eng = N 56712.60 x 34.6236 (LCCA manual) 

for 30 years 

        = N1, 963,594.40 
It will done six times in 30 year for every five years 

of replacement 

6 X N1963594.40 

          LRC Eng   = N11, 781,566:00 

Total life replacement cost (LRC) = LRCtop + LRCeng 

+ LRCGen 

Where, LRCTOP = N701283.71 
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             LRCENG = N 11,781,566:00 

             LRCGEN =  N4,675,224.70 

                  LRC     = N 17,158,075:00 

 

COSTS PER KWH OF DIESEL GENERATOR  

CT =                (6) 

Where, 

CT = Cost per KWh 

CC = Total capital cost   = N5,063,625:00 

LFC = Life fuel cost   = N194,113,751.00 

LRSC = Life Routine Service cost 

= N 245,449,297.00 

LRC = Life replacement cost  = N17,158,075.00 

 TOTAL                         

=N461,784,748.00 

N  =  (Period )           = 30 years 

CT    =           =N 135.79118/KWh  

 

 

 

 

 

 

 

 

 

 

Table 3: LCC of Generator Set system (17KVA) at N160/Litre (Cost in Million Naira) 
Years 1 3 5 8 10 13 15 18 20 23 25 27 30 

Capital 

Investment 
5.06 

5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 

O & M              

Annual 

Routine 

Service 

7.15 21.66 

36.42 

59.08 

74.53 

98.24 114.41 

139.21 

156.13 183.36 199.78 217.80 245.45 

Annual Fuel 

Cost 
5.66 17.13 

28.81 
46.73 

58.95 
77.69 90.48 

110.10 
123.47 144.00 158.00 172.25 194.11 

Annual Pay 

For 3 

Attendants 

0.72 0.87 

1.16 

1.54 

1.87 

2.30 3.01 

4.01 

4.85 6.45 7.82 9.46 12.60 

Top Cylinder 

Overhaul 
0.61 0.62 

0.62 
0.63 

0.64 
0.65 0.65 

0.66 
0.67 0.68 0.68 0.69 0.70 

Complete 

Engine 

Overhaul 

  

1.75 

1.75 

1.79 

1.79 1.83 

1.83 

1.87 1.87 1.92 1.92 1.96 

Generator  

Set 

Replacement 

  

4.16 

4.16 

4.26 

4.26 4.36 

4.36 

4.46 4.46 4.57 4.57 4.68 

Grand Total 

 
19.20 45.34 

78.48 
118.96 

148.10 
190.19 219.80 

265.23 
296.51 345.92 377.82 411.74 464.56 

 

LCC ANALYSIS OF GRID SUPPLY (PHCN) 

KWh of energy in Nigeria cost N11.36 for a 

commercial consumer in addition a meter 

maintenance charge of N750.00 and fixed charge 

N1,200.0 per month with inflation rate of 10.8%. 

Life energy cost (LEC) = AEC   X    

                   (7)                                            

AEC = yearly cost per kWh x yearly fixed charge + 

yearly maintenance charge 

KWh/day
-1
 = 112.31KWh 

Cost per KWh = N11.36 

Cost per KWh/day = 112.31 x 11.36 

   = N1275.842 

Cost of KWh/year = 1275.842 x 365 

            = N 465,682.18 

Fixed charge per month        = N1200 

Fixed charge per year             = N1200 x 12 

    = N14, 400.00 

Cost of maintenance per month = N750.00 

Yearly maintenance   =  750.00 x 12 

    = N9, 000.00 

AEC = 465682.18 + 14,400.00 + 9000.00 

 = N 489,082.18 

     = N 489082.18 x 5% VAT 

     

 = N 498,863.82 

LEC = AEC x LCC A factor of 30 years 

 = N 498863.18, x 34.6236 

 = N 17,272,461.00 

 

COSTS PER KWH FOR NATIONAL GRID. 

                              CG =  

                                CG =  

                                    =N14.045/KWh  

 

DISCUSSIONS OF RESULTS 

From the result in Table 1 it was observed that the 

annual power consumption for a BTS is 

113,356,590Wh (113.3566MWh). Considering 

Nigeria of about 30,000BTS, (as at time of this 

research case study the total average power 

consumption will be 3400698MWh (3.4007TWh) 

units. It was noted that the power consumptions of 

power amplifier at 147.47KWh was the highest 

followed by that of rectifier at 72.58KWh and air 

conditioner at 40.13KWh. The economic viability of 

the system was done carefully using Life Cycle Cost 

analysis calculation of diesel generator set 17KVA 
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and National grid Ssystem. The cost of both non-

recurring (first cost) recurring costs that occur over 

the life cycle of the system, with future sum 

converted to their present worth values. Table 2 

shows that the initial cost of generator set is N5, 

063,626:00. Table 3 show that the cost of fuel for 

running generator set is N194.11M. The price of fuel 

may even go higher in the scarcity and pilfering of 

product. The gaseous emission arising from the 

combustion of the fuel in the generator affects the 

environment adversely. 

 

The noise pollution is offensive. Management of the 

gaseous emission and noise also add to the cost of 

diesel generator operation. The cost per KWh for 

diesel generator set N131.8227 and that of National 

grid is N14.02. This means that the diesel generator 

set cost per KWh is higher compared to that of 

National grid. With about 30,000 BTS in Nigeria by 

December 2013 and 60,000 generator sets the gross 

total cost of diesel consumed is N11646600.00M 

(N11646.60B) for the thirty years period under 

review. The price of diesel and other related items 

will certainly be on the increase due to hike in price, 

scarcity, inability of Government to control 

product/price, vandalisation of product pipe lines, 

improper pricing of product and to mention a few. 

 

It is well known fact that the National grid is very 

unreliable and epileptic. This has eventually made it 

mandatory for net-work providers to generate own’s 

power through the use of generator sets for their BTS 

sites. Previous work by [Ezomo P.I and Otasowie 

P.O, 2013] in the paper ‘BTS power consumption 

cost reduction using solar PV system in Nigeria 

revealed that for power outage hour observed for six 

months of 1,728 hours cost N552,960:00 of diesel 

consumption at the of 160:00 Naira per litre. When 

translated to one year it is N 1, 105,920:00. With 

30,000 BTS in Nigeria and 60,000 generator sites the 

gross total cost diesel consumed for one year is 

N66,355,200,000:00 (N66.355 Billion) while cost 

PV remains at the cost of N 94,324,610:00. The LCC 

cost for generator set is N464.56M compared to that 

of National grid of N47.67M. Generator set is higher 

than the National grid. When back cost of generators 

sets with diesel consumption the cost of National grid 

become very high compare to generator set. 

 

Therefore, for a longer period generator set is the 

cheapest means for powering a base transceiver 

station. 

 

CONCLUSION 

From the LCC analysis conducted to assess the 

economic viability, the result shows that the 

generator set should be encouraged to power 

remotely located BTS. This investment will go a long 

way to reduce youth receptiveness from the street of 

Nigeria. 

LIMITATION OF THE WORK 

The limitation of this work is that there was no easy 

access to designated BTS because of tight security. 

The work concentrate on using generator set and 

national green power in Nigeria for BTS. The 

analysis is not for generator and national grid power 

for residential and commercial use.  
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