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Abstract—The fast growth of mobile communication 
technology and the corresponding significant increase in the 
number of cellular base stations (BSs) has increased operational 
expenses (OPEX) for mobile operators due to increase in 
electricity prices and conventional energy consumption. Thus, 
identifying the various alternative solutions to reduce the OPEX 
has become a major priority of mobile operators recently. This has 
led to the need to cut down cost without affecting the efficiency of 
telecommunication’s operations. The solution can be gotten 
through enabling solar powered systems to power most equipment 
on BSs. Solar energy is an economically attractive and eco-friendly 
option. This paper examines solar energy applications to different 
generations of mobile communications by conducting a 
comparative analysis of solar-powered and fossil fuel powered BSs 
based on four aspects namely: energy cost, energy production, air 
pollution and optimal system cost. The results suggest that solar-
powered BSs would be a suitable long-term solution for the mobile 
cellular network industry. The results show that the solar energy 
system takes time to adjust into the Nigerian system but on the 
long run, it is better than implementing the diesel/grid system for 
Base Transceiver Station (BTS) for daily operations. 

Keywords—Base transceiver station; Operational expenses; 
Photovoltaic system; PVSYST6_4_0; Life cycle cost. 

 

I.  INTRODUCTION 
Telecommunication is one of the fields that have benefited 

greatly from the introduction of solar-power systems. With the 
reduced power consumption of modern telecommunication 
equipment and increased efficiency in operation, solar electricity 
has become an economically and technically attractive 
alternative to conventional energy sources [1] – [11]. Cellular 
communication technologies such as handsets and base stations 
(BSs) have become very common technologies throughout the 
developing and developed world and still rising till date. 
Roughly three billion users spend large portions of their income 
on these communication technologies [1]. 

         However, the remaining half of the world currently has 
limited access, in large part due to lack of network coverage. 
Some areas do not have a high enough population density to 
support a cellular deployment. Other areas are too far from 
established infrastructure to make a deployment economically 
possible. Therefore, there are many rural areas where there is no 
network coverage at all [2]. In markets with unreliable grid 
power, this energy often comes from diesel fuel. By some 

estimates, Nigeria alone already uses well over 150 million liters 
of diesel fuel every year to power telecom BSs when the grid 
power is not present or not available. This does not include the 
fuel needed to transport fuel to the mobile sites which can be 
included in the operational expenses (OPEX). 

Using solar panels, you can convert sunlight, which is free, 
clean and inexhaustible, into electricity. This conversion is 
achieved thanks to the so-called “semiconductor” material from 
which each solar cell is made [3]. The material most often used 
for solar cells is silicon. This material can occur in three forms; 
monocrystalline, silicon, polycrystalline (or multi crystalline) 
silicon, amorphous silicon. The demand for clean energy and 
efficient usage of energy has been an unsettled issue in the world 
today.  

What motivates one to investigate this issue is the need to 
use clean energy and eradicate the excess carbon monoxide 
being deposited into the atmosphere which affects the ozone 
layer and also the living organisms through the consumption of 
coal, non-renewable energy, and renewable energy has a better 
effect on the world of technology and engineering compared to 
the non-renewable energy, as most parts of the world are 
adopting the renewable energy systems. The clean energy gotten 
from solar energy is of great importance to the world. Clean 
energy should not be an option, but a decision made without 
hesitation. Sustainability should be considered; in this context it 
means living and providing for our daily needs without 
compromising the ability of the future generation to provide for 
their selves. 

II. METHODOLOGY 
This section discusses the research methodology. Few 

concepts are also explained for clarity and the data used for this 
work is shown in this section. The methodology is carried out in 
three phases. The first phase being the use of the simulation 
program PVSYST6_4_0 for the analysis of various forms of 
solar energy, the second phase is a breakdown of the 
consumption of conventional energy in Ilorin, Nigeria and the 
third phase is a comparative analysis between the two forms of 
power supply (solar grid connected BSs and diesel BSs). In 
order to perform an economic evaluation of grid-connected for 
use in cellular BSs, the use of   PVSYST 6_4_0 software was 
employed.  
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A.          Steps in the Development of the Project Design 
The steps taken to develop the project in PVSYST are listed 

below:  

-  Specifying the geographical location and the 
meteorological data.  

- Defining a basic system variant, including the orientation 
of the photovoltaic (PV) modules, the required power or 
available area and the type of PV modules and inverters that 
would be used. PVSYST proposed a basic configuration for this 
choice and set reasonable default values for all parameters that 
are required for a first calculation. Then it simulated this variant 
and saved it. It was the first rough approximation that was 
refined in successive iterations.  

- Then successive variants were defined by progressively 
adding perturbations to this first system, e.g., far shadings, near 
shadings, specific loss parameters, economic evaluation, etc.   

B.      The PVSYST 6_4_0 

The PVSYST V6.0 is a PC software packaged for the study, 
sizing and data analysis of complete photovoltaic systems. It 
deals with grid-connected, stand-alone, pumping and DC-grid 
(public transportation) PV systems, and includes extensive 
meteorological data and PV systems components databases, as 
well as general solar energy tools. It was used in this analysis to 
carry out the calculation for a given BSs (grid connected) when 
on full operation mode. The detailed economic evaluation was 
performed using component prices, any additional costs and 
investment conditions. The simulation done by the software 
gave parameters needed for employing a solar grid connected 
BSs. Fig. 1 shows the software application. 

 
Fig. 1. The Software Application. 

It is important to specify the geographical parameters for the 
simulation. Fig. 2 shows the specification of latitude and 
longitude of the location under consideration. It is important for 
the solar arrays to have a specific sun path for the absorption of 
photons for the panels. The latitude and longitude of Ilorin are 
stated in Fig. 2 as 8.50 and 4.55. Table I shows two BSs running 
on diesel grid connected system and a “grid connected” BSs. A 
calculation was done to analyse the energy cost, yearly cost and 

investment against that of the solar grid connected base station. 
The data used is shown in Table II. It shows a breakdown for 
energy consumption. 

Table I: Technical characteristics of analyzed BSs. 

Parameter/BSS BTS A BTS B BTS C 
 
 

DIESEL DIESEL/GRID GRID 

Macro BS 
technology(s) 

GSM/UMTS   GSM GSM 

Generator 10kVA 10kVA 10kVA 
Numbered of 
sectors (RRUs) 

     3 2 3 

Total number of     
active TRXs 

     6 4 6 

Total number of 
voice channels 

   24 16 24 

Battery power   
supply voltage 
(V) 

48 48 48 

Peak installed 
power of 
renewable energy 
source (s) (kW) 

4 4 4/1.3 
(5.3) 

Batteries 
capacity (Ah) 

1200 1200 1200 

Maximal BS   
power 
consumption 
(kW) 

0.95 0.56 0.53 

AC BS power 
supply (V/Hz) 

220/50 220/50 220/50 

 

 Three base station sites with 13 hours of electrical grid 
supply was analysed for the uptime, downtime and green house 
emission effects. The scenario in this case study is of a 3 BTS 
outdoor telecom tower sites. The sites are installed with a 
10kVA diesel generator and a 48V, 1200AH battery bank. The 
average electrical power demand of the entire site is 2.10 kW. 
On the average, electrical grid power is available for 12 hours 
out of 24. The information included the calculation of energy 
costs. 

Table I shows the three BSs powered by generators and the 
grid. The power consumption for the ‘diesel only’ base station 
is estimated to be 950-1000W daily. Due to the availability of 
heavy components present in base station A and the 
unavailability of the grid, the system will consume more fuel and 
obviously the cost of maintenance and operation will be high for 
a year. Same goes to the base station C which is only Grid 
connected with just battery. 
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Fig. 2. The geographical site parameters. 

 

Table II: Data for the Summary of Lifecycle Cost (LCC) of 
PV, Grid and Diesel Generator. 

PHOTOVOLTAIC GRID GENERATOR 

PV array:   
N12,960,000 

Installation of 
Distribution 
Transformer: 
N3,600,00 

Installation of 
generator: 
N3,600,000 

Balance of System: 
N7,760,479 

Monthly Bill 
in 1 year: 
N324,000 

Cost of monthly 
fuel 
consumption: 
N108,675 

Transport and 
installation: 
N129,600 

Cost of annual 
maintenance: 
N10,000 

Cost of annual 
maintenance: 
N120,000 

Total: N20,850,079  Cost of biennial 
maintenance: 
N100,000 

Operation and 
Maintenance per 
annum: N125,100 

  

 

 The photovoltaic data in Table II was used to simulate for a 
given base station and to determine its long-term application and 
its value in the operation of base station. Based on energy 
consumption, maintenance and acceptability to the BTS 
operations. Graphs were plotted to show the variations in 
operations for photovoltaic system vs Grid/diesel systems when 
being employed for operations. The results gotten indicate that 
photovoltaic systems are very suitable for operating and running 
BTS. 

 

III. RESULTS AND DISCUSSIONS 
This section presents the results of the analysed work. The 

simulation for a grid connected solar powered base station and 
the analysis for various diesel generator BSs are shown. The 
results from analysing the BSs powered by diesel are also stated 
graphically. Comparison between both forms of power supply is 
also shown in Fig. 4. 

A. The PVSYST 6_4_0 Simulation Results 
The solar powered base station was first simulated on this 

program. Considering the energy cost, yearly cost and 
performance cost for the system. Also, with the energy 
consumption, carbon emission balance and implementation. It 
properly analysed the data given and showed an energy cost of 
0.04 US$/kWh which is appropriate for a given base station 
which is to run for 25 years. Since the life span for a solar panel 
is up to 15 years, the end point is that the solar is an appropriate 
choice for the operations of BSs in Ilorin. Considering the high 
solar energy in a place like Ilorin, it is possible to implement the 
solar-grid base station. 

B. Solar Powered Grid Connected Base Station 
The grid connected station was made to operate using three 

inverters (X01-010) with 2kW unit power and a nominal power 
of 2.5kWp. The parameters as shown in Fig. 3 were used to 
implement this operation. An investment of $57,400 (N20, 
090,000) for the station creation was given. As seen below, the 
performance ratio for the station is 72.0 (72.0%). The carbon 
emission ratio for the station is also stated by the simulation 
software. 

The breakdown for the loan is shown in Fig. 3 with the stated 
currency which is “dollar”. 

 
Fig. 3. Economic Evaluation 

After a total gross investment given at $57,400, the yearly 
cost of 356US$/year (N124, 600) will be applied for the system 
to run yearly based on maintenance, transportation and 
operations. As seen, the energy cost is at an appropriate value 
for implementation. For a span of 25 years, the total lost per year 
will be neglected. The solar gradually adjust into the system 
since the life span for a solar system is 15-20 years. It is 
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favourable to implement it for BSs operations. The energy 
produced is higher than the energy needed by the BSs yearly. 
Equation (1) is used to get the energy cost. 

ܱܶܵܥ ܻܩܴܧܰܧ  =  ௒ா஺ோ௅௒ ஼ைௌ் (௒)௉ோை஽௎஼ா஽ ாோோீ௒ (௉)  (1) 

 

C. The Diesel Hybrid System 
For a stand-by generator connected to the grid, the annual 

cost and energy consumption were analysed against the solar 
system for a shared duration with the grid for a couple of hours 
for grid supply and diesel fuel energy supply. The solar system 
was seen to have a better balance in the system for 25 years. The 
system made a gradual rise in operational expenses despite 
having a high initial cost compared to the diesel fuel system. The 
diesel fuel system has a low initial cost, but the maintenance and 
energy consumption yearly showed a disturbing rise in its 
operational expenses. Not forgetting the emission of carbon 
from this system. 

Fig. 4 shows the operation of diesel system for 18 hours and 
6 hours for grid. This showed that at first the OPEX was 
relatively low. But with time it went up to N100,000,000. 
According to business operation this is not acceptable. There is 
a great loss for just a base station operation. This also gives large 
carbon emission because of the dependence on it. The solar 
system has a low rise in OPEX for the next 25 years, and it is 
considered very acceptable. As seen earlier, the initial cost is 
high, but on the long run it drops considerably. It is a long-term 
solution for BSs operations. The graph also shows that the PV 
system is much more efficient in that it does not give a high 
maintenance and high OPEX for the next 25 years. The figure 
shows that the solar grid connected system has a lower energy 
cost, carbon monoxide emission over the long run. It can be seen 
that the yearly cost for operation and maintenance is relatively 
lower for the solar system. 

 
Fig. 4. A comparative graph of the solar powered and 

fossil/grid system for a shared duration of 6 hrs for Grid and 18 
hrs for generator operation. 

 

IV. CONCLUSION AND RECOMMENDATION 
This work is a comparative analysis between solar powered 

BSs and fossil fuel powered BSs (both connected to the power 
grid supply) by the use of the simulation software 
PVSYST6_4_0 to simulate for a given solar powered base 
station and the use of statistically approach and graphical 
methods to compute for the fossil fuel powered base station 
based on monthly and yearly operation and maintenance. It was 
done to investigate and show which form of energy is best for 
BSs operations. 

From the simulation results of the solar powered cellular 
base station, it can be seen that it is more cost efficient to deploy 
solar power connected system rather than to deploy just “diesel 
generator connected to grid” system in Ilorin City, and even in 
Nigeria as a whole. The statistics and simulation show that the 
solar energy system has an energy cost of 14 Naira/kwh and the 
diesel generator system has an energy cost of 189 Naira/kwh for 
Ilorin City, Nigeria. Also, the system design and maintenance 
for diesel generator systems is more complex when compared to 
solar grid connected systems. Other forms of renewable energy 
can be employed for Base transceiver station operations. Finally, 
the Nigerian government should sponsor more research into 
non-conventional methods of electricity generation to address 
the country’s acute power supply problems. 
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