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Abstract- This study is focused on solving the 

problem of unreliable and inadequate power supply 

to reduce downtime, environmental pollution, 

operational and maintenance cost in our 

telecommunication industries. The aim of this study 

is to improved power supply to MTN Base 

Transceiver Station (BTS) site at T0188, Chinda 

Estate, Nkpolu, Oroworukwo, Port Harcourt. Using 

the relevant data collected from the Base Transceiver 

Station site, a simple algebraic and optimization 

methods were used to achieve the mathematical mode 

of the hybrid system. The results showed that the 

simulation executed for BTS site with a geographical 

location of (𝟒′′ . 𝟒𝟖.2°𝑵, 𝟔′′. 𝟓𝟗. 𝟐° 𝑬). The daily 

energy consumption monitored and recorded is 480 

kWh/day. The peak demand for site is approximately 

20kW. The economic comparison of the existing 

system to the proposed hybrid system configuration 

shows that the proposed hybrid design can be 

deduced to obtain a level cost of energy at 

N76.92/kWh with a net present cost of 

N175,068,300.00. The application of hybrid 

optimization model for energy renewable (HOLMER 

PRO with version 3.11.2) Software for simulation is 

adopted. The determination of the 

telecommunication industries in developing 

countries such as Nigeria, is to achieve its 

connectivity demand and for such to happen the 

network operators, will depend on the utility grid for 

a reliable and stable power supply. However, due to 

inadequate and unreliable power supply from the 

national grid, the customers expresses poor quality 

network service. It is recommended that the 

introduction of hybrid system in our 

telecommunication industries will led to a reduction 

of Operational Expenditure (OPEX). An improved 

power availability will reduce the incident of 

environmental pollution such as noise pollution, 

diesel spillage, etc. Thereby, achieving a greener 

operation. 

 

Indexed Terms- Power Supply, Base Transceiver 

Station (BTS), Maintenance cost, 

 

I. INTRODUCTION 

 

Nigeria has been experiencing an extreme electricity 

shortage for over two decades. Only about 40% of 

Nigerians are connected to the national electric power 

network (utility grid [22]. In addition, the utility grid 

is characterized by high unreliability index. The power 

supply reliability varies from 39 to 66 % with an 

average duration of power access between two power 

outages of 4.5 hours per day. At any period when grid 

power is available, the supply voltage fluctuates 

mostly between 160V and 205V [26]. The inadequacy 

of the utility grid has consistently led to load shedding, 

with adverse effects on domestic, commercial and 

industrial activities [23]. As a result, most 

entrepreneurs have resorted to using fossil-powered 

sources.  

 

The operation and maintenance of diesel generators 

accounts for about 78% of the total cost of operations 

of the GSM BTS sites [1]. Consequently, the use of 

fossil-fuel generator as an alternative source of electric 

power for GSM BTS sites increases the unit cost of 

cellular mobile services in emerging cities. Besides, 

the environmental consequences of harnessing and 

utilizing fossil fuels are assuming alarming 

proportions [18],[27], [24]. Power supply is one of the 

critical challenges confronted by telecommunications 

Base Transceiver Stations (BTSs) operators in deplo-

ying their networks, this challenge is readily overcome 

in developed countries as a result of up-to-date power 

infrastructure. In the developing world, where a 

national electricity grid exists, it is always the energy 

solution of choice for powering Base Transceiver 

Stations (BTSs). Unfortunately, it is not always 

reliable and has limited coverage. MTN Nigeria, one 

of the four mobile telecoms operators in Nigeria with 

4,798 base stations, spends a whopping $82.8 million 
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on generator acquisition almost every three years, and 

$3.5 million monthly on diesel-oil and generator 

maintenance [14].  

 

The hybrid energy systems are capable of providing 

the needed energy in the cellular mobile 

telecommunication sectors, but critical issues such as 

reliability and the enabling technologies are yet to be 

resolved [28], [12]. The dynamic interaction between 

the utility grid, green energy sources, and energy 

demand lead to system reliability of a power system. 

It is worthy to note that the operational specifications 

of green energy systems are location dependent. In 

addition, green energy technologies have higher initial 

cost of investment compared to conventional (fossil) 

technology. However, for regions characterized by 

high unreliability index, such as Nigeria, the grid 

electricity is not always available [20].  

 

Taking into consideration the excess cost of normal 

operation that the utilization of diesel generating sets 

brings to the operators, it is inevitable that consumers 

pay more for mobile service. Wireless telephone users 

in Nigeria were meant to believe right from the time 

when GSM/wireless telephony became fully 

integrated into Nigerian society in 2001, that it was 

due to rising cost of operations (high cost of diesel) 

that made calls to be costly [5] 

 

Hybridizing diesel with renewable energy sources 

(solar PV system) is one method of reducing call cost 

and improving the service of wireless telephony in 

terms of powering base station sites. This will allow 

telecom companies to circumvent rising energy costs 

and receive an excellent Return on Investment (ROI) 

[6]. It will also make communications more accessible 

and reduce the environmental impact. A hybrid power 

system is therefore proposed to solve these 

aforementioned problems. The renewable energy 

system design, usually, integrates renewable energy 

mixes, such as biomass, wind and solar. 

Inauspiciously, large area of land, water usage and 

social impacts often characterize the electricity 

generation from biomass and this requires further 

study to verify the techno-economic viability of its 

power generation [13]. 

 

According to [9], data on solar radiation and its 

components at a given location are a fundamental 

input for solar energy applications such as PV design. 

Long-term average daily global irradiation is one of 

the most important parameters needed in solar 

applications [25]. 

 

In addition, the knowledge of the diffuse solar 

radiation and its contribution to global solar radiation 

are essential for efficient assessment of solar energy 

potential. These data should be reliable and readily 

available for the design, optimization and evaluation 

of solar systems for any particular area [2];[17]. 

 

II. PAST REVIEW 

 

A recent estimate indicates that there are about 20,000 

GSM Base Transceiver Station (BTS) sites in Nigeria 

with a corresponding annual growth rate of 

approximately 20% from 2007 to 2012. The auction 

for Digital Mobile Licenses (DML) conducted by 

NCC in January 2001 brought about the emergence of 

three mobile operators. These companies are Comet 

Wireless now Airtel, Mobile Telecommunications 

Network (MTN) and MTel (a subsidiary of NITEL) 

while a fourth DML was issued to Globacom in 2002 

[8]. 

 

[15] examined various techniques for improving the 

power efficiency of cellular networks such as efficient 

resource management, low energy spectrum sensing, 

energy-aware medium access control and routing, and 

cross-layer design. The objective was to reduce both 

the operational costs and the environmental effects. 

 

Renewable energy technology is capable of alleviating 

the already overstretched ecosystem; it can supply the 

energy required for rapid development [11]. The 

prospects of renewable energy resources in sustainable 

energy development in Nigeria are enormous [21]. In 

spite of the availability of abundant renewable energy 

resources (including, hydro, solar, wind and biomass), 

such renewable power solutions are not commonly 

used in GSM BTS sites in Nigeria presently. The 

underutilization of the renewable technology in 

Nigeria may not wholly be due to unawareness of the 

vast potential of available resources but also on 

technological constraints such as the enabling 

technology for deployment [19]. 
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The radio-frequency consumes over 80% of the total 

energy consumption [16]. Power amplifier is the 

largest energy consumer. It has a share of around 65% 

of the total energy consumption [10]. Other base 

station components with significant energy 

consumption are air-conditioning (17.5%), digital 

signal processing (10%) and AC/DC conversion 

systems (7.5%). The key issue is how to reduce the 

energy consumption of the GSM BTS while 

guaranteeing quality service delivery and increased 

service availability for users. The problem has led to 

the concept of the green-mobile technology, a process 

that utilizes energy efficiency technology. Investments 

in energy efficiency could result in long-term gains 

such as reduced energy consumption, local 

enhancement of 17 ecosystem and overall economic 

development [11], [21]. 

 

III. METHOD ANALYSIS 

 

Improved system usage and operation may be more 

easily achieved with a hybrid system than with a 

single-source application. Hybridizing a PV system 

often reduces the need for over-sizing the PV array to 

achieve system autonomy especially when 

complementarily of different energy sources can be 

used effectively [3]. Photovoltaic systems can be 

combined with fossil fuel-driven generators in 

applications having higher energy demands or in 

climates characterized by extended periods of little 

sunshine (e.g., winter at high latitudes) to form hybrid 

systems. 

 

 
Figure 2: Solar power system structure and working 

principle [3] 

 

A. Energy Consumption at MTN Base Transceiver 

Station (BTS) at T0188 Site, Chinda Estate, Port 

Harcourt, Nigeria 

In identifying the energy consumption at MTN Base 

Station sites and assessing the impact of various 

operational strategies, we used a macro BTS as a 

model. The BTS controls the radio interface to the 

Mobile Station (MS). The BTS comprises the radio 

equipment such as transceivers and antennas which are 

needed to serve each cell in the network. Others are 

generators, automatic transfer switch (ATS), rectifiers, 

shelters, distribution boards, lighting circuits, air-

conditioners, diesel bulk tank and PHCN installation. 

 

B. Physical Conditions of MTN Base Transceiver 

Station (BTS) at T0188 Site, Chinda Estate, Port 

Harcourt, Nigeria 

BTS site load profile depends on multiple parameters 

including radio equipment, antenna, power conversion 

equipment, transmission equipment. It is important to 

outline an accurate power profile in order to select the 

energy components and their sizing.  

 

Diesel generators are widely applied as an alternative 

electricity supply from the grid [4]; MTN Base 

Transceiver Station (BTS) at T0188 Site, Chinda 

Estate, Port Harcourt, Nigeria is not exceptional with 

two diesel generator set (40kVA and 33kVA as 

backup) since the site is disconnected from the grid 

and the site is a backbone, carrying more than 50 sites. 
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Figure 1: Schematic Block Configuration of Solar 

PV/Battery/Diesel GenerIators with a Grid 

Connected System 

 

C. Determination of the maximum load current of a 

40KVA diesel generator set with a voltage range 

of (380V-415V) 

 

We have: 𝐼𝑇𝐿𝐷𝐺1 =? , 𝐷𝐺𝐶40 = 40𝐾𝑉𝐴, 𝑉𝐷𝐺 = 400𝑉, 

Where  

𝐼𝑇𝐿𝐷𝐺1Represents the total load current of the first 

diesel engine generator set 

𝐷𝐺𝐶40Represents the capacity of the first diesel 

engine generator 

𝑉𝐷𝐺Represents the Voltage of the diesel generator 

𝐼𝑇𝐿𝐷𝐺1 = 𝐷𝐺𝐶40 ×
1000

√3× 𝑉𝐷𝐺
    

    (1) 

𝐼𝑇𝐿𝐷𝐺1 =
40×1000

√3×400
=

40000

692.8
= 57.7𝐴  

The (1996) NEC (National Electrical Code) 

recognizes that over current protective devices 

(OCPD) will be affected by heat in the system. As 

such, it defines the concept of continuous loads and the 

80% rule to try and offset the effects of heat in the 

system. 

𝑂𝐶𝑃𝐷𝐶𝐵 =? , 𝑁𝐶𝐿 = 0𝐴, 𝐶𝐿 = 𝐼𝑇𝐿𝐷𝐺1 =

57.7𝐴, 𝐸𝑓𝑓100 = 100% = 1.00, 

𝐸𝑓𝑓125 = 125% = 1.25  

Where   

𝑂𝐶𝑃𝐷𝐶𝐵Represents the over-current protective 

devices (Circuit breaker) 

𝑁𝐶𝐿Represents the non-continuous load current 

𝐶𝐿Represents the continuous load current 

𝐸𝑓𝑓100Represents the efficiency of the non-

continuous load current 

𝐸𝑓𝑓125Represents the efficiency of the continuous 

load current 

𝑂𝐶𝑃𝐷𝐶𝐵 = [𝐸𝑓𝑓100 × 𝑁𝐶𝐿] + [𝐸𝑓𝑓125 × 𝐶𝐿]

 (2) 

𝑂𝐶𝑃𝐷𝐶𝐵 = [1.00 × 0] + [1.25 × 57.7] = 72.125𝐴  

Therefore between the ranges of 75A-100A 

continuous load circuit breaker is applicable. 

 

D. Determination of the current rating of a contactor 

in an automatic transfer switch of a 40KVA 

generator set 

The site uses an Automatic Transfer Switch (ATS) to 

alternate the running of diesel generators to ensure a 

reliable energy source for the MTN (BTS) network. 

Note voltage range (380V-415V). 

We have  

𝐶𝑅𝐴𝑇𝑆 =? , 𝐷𝐺𝐶40 = 40𝐾𝑉𝐴, 𝑉𝐼𝑛𝑝𝑢𝑡 = 415𝑉,  

Note: the voltage range (380V-415V) 

Where   

𝐶𝑅𝐴𝑇𝑆  represents the contactor rating of the automatic 

transfer switch 

𝐷𝐺𝐶40 represents the capacity of the diesel generator 

set 

𝑉𝐼𝑛𝑝𝑢𝑡 represents the input Voltage of the contactor 

Hence, 

𝐶𝑅𝐴𝑇𝑆 = 𝐷𝐺𝐶40 ×
1000

√3×𝑉𝐼𝑛𝑝𝑢𝑡
                                         

   (3) 

𝐶𝑅𝐴𝑇𝑆 =
40 × 1000

√3 × 400
=

40000

692.8
= 57.7𝐴 

 

E. Determination of circuit breaker rating for a 

33kVA generator set 

Circuit breakers are devices capable of switching 

[making (closing) and breaking (opening)], an electric 

circuit under normal and abnormal operating 

conditions like short circuits. It also capable of 

handling the maximum short circuit current of the 

system, they are made to operate automatically to 

interrupt or clear fault (short circuit) currents quickly 

and in a safe manner [3]. 

We have 

 𝐶𝐵𝑅 =? , 𝐷𝐺𝐶33 = 33𝐾𝑉𝐴, 𝑉𝐿 = 400𝑉, 
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Where  

𝐶𝐵𝑅 represents the continuous load current of the 

circuit breaker 

𝐷𝐺𝐶40 represents the capacity of the diesel engine 

generator 

𝑉𝐷𝐺 represents the Voltage of the diesel generator. 

From eqn. (1)   

𝐶𝐵𝑅 = 𝐷𝐺𝐶33 ×
1000

√3×𝑉𝐿
  

𝐶𝐵𝑅 =
33 × 1000 

√3 × 400
=

33000

692.8
= 47.6𝐴 

 

IV. RESULTS AND DISCUSSION 

 

This work presents the results and discussion of the 

data collected from the BTS site. The results are based 

on the simulation carried out by the HOMER PRO 

software in generating optimization data. The hybrid 

power system components such as (PV/Grid/DG/ 

Batteries) undergoes modelled calculations for its 

measurement. The calculated data were used to 

optimize the hybrid power system configuration to 

generate solar energy, temperature resource chart, 

capital costs, replacement cost and emissions etc. 

 

 
Figure 5: BTS site location 

 

The figure 4 shows the location of the MTN BTS site 

at T0188 Chinda Estate, Nkpolu Oroworukwo, Port 

Harcourt metropolis with coordinates(4”48.2°N,  

6”59.2°E) 

 

 
Figure 6: Electric Load 

 

The figure 6 shows the monthly electrical load profile 

distribution for the whole year. The steady nature of 

the load profile exhibits the seasonal constant load 

experienced on monthly basis. 

 

 
Figure 7: Monthly Clearness Index 

 

The figure 7 indicates the monthly clearness index( 

where the low index value signifies cloudy months and 

the high index value signifies sunny months) and 

annual average solar GHI of 4.13kwh/m2/day Chinda 

Estate BTS site, Nkpolu, Oroworukwo (HOMER 

2020). 

 

CONCLUSION 

 

The determination of the telecommunication 

industries in developing countries such as Nigeria, is 

to achieve it connectivity demand and for such to 

happen, the network operators has to depend on the 
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utility grid for a reliable and stable power supply. 

However, due to inadequate and unreliable power 

supply from the national grid the customers 

experiences poor quality network service. 

Additionally, the growing number of customers have 

led to congestion of traffic and as a result of the 

inadequacy of power supply from the grid, the 

operators alternatively source elsewhere for a reliable 

and efficient power supply to service their load 

demand. 

 

The reliance on conventional diesel generators as a 

source of alternative back up to meet the load demand 

of the telecommunication operators lead to 

environment challenges. Therefore, the introduction of 

renewable energy such as solar energy will help to 

avert this challenges. Essentially, this study propose a 

hybrid-optimization system configuration which 

comprises of solar PV, the utility grid, battery storage, 

converter and inverter.The main objectives of the 

proposed hybrid-system was to forcast the techno-

economic feasibility of the prosposed model. HOMER 

software was used in the simulation to attain feasible 

and optimum system configuration. 

 

REFERENCES 

 

[1] Adegoke, A. S. &Babalola, I. T., (2011). Quality 

of Service of GSM Telephone System in  

Nigeria, American Journal of Scientific and 

Industrial Research, 2(5): 707 – 712. 

[2] Al-Mohamad, A., (2004). Global, Direct and 

Diffuse Solar Radiation in Syria, Applied 

Energy, 79, 191 – 200. 

[3] ANI, V. A., (2015). ENERGY OPTIMIZATION 

AT GSM BASE STATION SITES  LOCATED 

IN RURAL AREAS.  

[4] Ani., V. A. &Emetu., A. N. (2013).Simulation 

and Optimization of Hybrid Diesel Power 

Generation System for GSM Base Station Site in 

Nigeria. (www.ejee.cl). DOI 10.7770/ejee-

V1N1-art481. 

[5] Ani, V. A. &Emetu, A.N. (2013). Estimation of 

environmental impact of power generation at 

GSM base station site. Electronic Journal of 

Energy and Environment. vol. 1, nº 1, (In Press). 

DOI:10.7770/ ejee-V1N1-art479  

[6] Ani, V.A. (2013b). Simulation and optimization 

of stand-alone photovoltaic/diesel hybrid system 

for banking industry. Int. Journal of Energy 

Optimi-zation and Engineering. (In Press).  

[7] Ani, V.A.,Nzeako, A.N. &Obianuko, J.C. 

(2012). Energy optimization at datacenters in 

two different locations of Nigeria. International 

Journal of Energy Engineering. vol. 2, nº 4, 151-

164. doi: 10.5923/j.ijee.20120204.07.  

[8] Baez, G., Kechiche, B., Boguszewska, S.(2010). 

The Impact of Mobile Services in Nigeria: How 

Mobile Technologies are Transforming 

Economic and Social Activities, Pyramid 

Research, pp. 1 – 150. 

[9] Besharat, F., Dehghan, A. A., &Faghih, A. R., 

(2013). Empirical Models for Estimating Global 

Solar Radiation: A Review and Case Study. 

Renewable and Sustainable Energy Reviews, 

21:798–821. 

[10] Chen, T., Haesik, H., &Yang, Y., (2010). Energy 

Efficiency Metrics for Green Wireless 

Communications, in proceedings of 

International Conference on Wireless 

Communications and Signal Processing, 

Suzhou, China, 21–23 October, p. 1–6. 

[11] Cristobal, J. R. S. (2011). Multi-Criteria Data 

Envelopment Analysis Model to Evaluate the 

Efficiency of the Renewable Energy 

Technologies, Renewable Energy, 36(10): 2742 -

2746. 

[12] ElNozahy, M. S. &Salama, M. M. A., (2013). 

Technical Impacts of Grid-Connected  

Photovoltaic Systems on Electrical Networks—a 

Review, Journal of Renewable and Sustainable 

Energy 5: 032702 (2013); doi: 

10.1063/1.4808264. 

[13] Evans, A., Strezor, V. & Evans, T. J., (2010). 

Sustainability Considerations for Electricity 

Generation from Biomass, Renewable and 

Sustainable Energy Review, 14(5): 1419 – 1427. 

[14] IT News Africa. (2010). Article on MTN Nigeria 

wants tough laws to safeguard telecoms industry. 

Available at: http://www.itnewsafrica. 



© JUL 2021 | IRE Journals | Volume 5 Issue 1 | ISSN: 2456-8880 

IRE 1702871          ICONIC RESEARCH AND ENGINEERING JOURNALS 367 

com/2010/08/mtn-nigeria-wants-tough-laws-to-

safeguard-telecoms-industry/ 

[15] Hassan, Z., Boostanimehr, H. & Bhargava, V. K., 

(2011). Green Cellular Networks: a Survey, 

Some Research Issues and Challenges, IEEE 

Communications Surveys and Tutorials, 13(4): 

524 – 540. 

[16] Huawei Technologies, (2012). Save Energy and 

Reduce Emissions to Achieve Sustainable 

Development and Improve Corporate 

Competitiveness, Huawei Whitepaper For 

Saving Energy And Reducing Emissions, pp. 1 – 

20, China, 2012. 

https://www.mataf.net/en/currency/converter-

USD-NGN 

[17] Khan, M. M., & Ahmad, M. J. (2012). Estimation 

of Global Solar Radiation Using Clear Sky 

Radiation in Yemen, Journal of Engineering 

Science and Technology Review, 5 (2): 12-19. 

[18] Kovats, R. S., Campbell-Lendrum, D.&Matthies, 

F., (2005). Climate Change and Human Health: 

Estimating Avoidable Deaths and Disease. Risk 

Analysis, 25(6): 1409 - 1418. 

[19] Okundamiya, M. S. (2016). Modelling And 

Optimization Of A Hybrid Energy System For 

Gsm Base Transceiver Station Sites In Emerging 

Cities. Publication At: 

Https://Www.Researchgate.Net/Publication/303

270579 

[20] Ogujor, E. A., 2007. Reliability Assessment of 

Electric Power Distribution, Ph.D Thesis, 

University of Benin, Benin City, Nigeria. 

[21] Oyedepo, S. O., 2012. On Energy for Sustainable 

Developments in Nigeria, Renewable and 

Sustainable Energy Reviews, 16: 2583– 2598. 

[22] Ogujor, E. A., Orobor, N. P., (2010). SAIDI 

Minimization through Conventional Energy  

Resources: Opportunities and Challenges, 

Journal of Economics and Engineering, 54 – 6. 

[23] Oseni, M.O., (2011). An Analysis of the Power 

Sector Performances in Nigeria, Renewable and 

Sustainable Energy Reviews, 15: 4765 – 4774. 

[24] Rahmstorf, S., (2008). Global Warming: 

Looking beyond Kyoto. Brookings Institution 

Press, Ch. Anthropogenic Climate Change: 

Revisiting the Facts, 34–53. 

[25] Sonmete, M. H., Ertekin, C., Menges, H. O., 

Hacıseferogullari, H., Evrendilek, F., (2011). 

Assessing Monthly Average Solar Radiation 

Models: a Comparative Case Study in Turkey, 

Environmental Monitoring Assessment, 175: 251 

– 277. 

[26] UNDP-GEF (United Nations Development 

Programme- Global Environment Facility), 

2013. End-Use Metering Campaign For 

Residential Houses In Nigeria, in Metering 

Campaign Report, Draft Version, p.148, 

September, 2013. Available from: 

http://www.ng.undp.org/content/dam/nigeria/do

cs/Sustainable%20Development/UNDP_NG_su

staindev_Metering_Campaign.pdf [Accessed: 

May 2, 2014]. 

[27] VandeWeghe, J. R., Kennedy, C., (2007). A 

Spatial Analysis of Residential Greenhouse Gas 

Emissions in the Toronto Census Metropolitan 

Area, Journal of Industrial Ecology, 11(2): 133 

– 144. 

[28] Zhou, W., Lou, C., Lu, L., Yang, H., (2010). 

Current Status of Research on Optimum Sizing 

of Stand-Alone Hybrid Solar-Wind Power 

Generation Systems, Applied Energy, 87 (2): 380 

– 389. 


