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Abstract— In this work, analysis of carbon 
balance, aging effect, energy production and loss 
factors for a grid-connected solar power system 
used for powering GSM base station is presented. 
The base station with daily energy demand of 
25392 Wh/day has site geo-coordinates of 
5.04013621263276, 7.975427331154321 with mean 
daily temperature of 24.9 °C and annual total of 
daily solar radiation of 1713.2 kW/m^2/year  or 4.7 
kW/m^2 /day. The PVSyst simulation results for 
the solar power system showed that  12 PV panels 
each rated at 200 Wp with a total area of 19.6 m^2  
was used along with 4.0 kWac  inverter. The 
system had PV module degradation of 0.4 % per 
year and module quality loss of 2.5 %. The system 
also had annual performance ratio (PR) of 79.7 % 
with total of 3329.5 kWh of energy injected into the 
grid in one year. The aging analysis showed that 
the performance ratio dropped from 79.7 % in the 
first year to 68.7% after 25 years which is about 
13.8 % drop in performance over the system life 
time. Again, about 30.5 tCo2 were saved over the 
lifetime of the solar power system.  
. 
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1. INTRODUCTION 
In Nigeria today, GSM communication network 

has greatly revolutionized the telecommunication industry 
[1,2]. It has enabled internet access to remote areas across 
Nigeria and has helped to reduce the digital divide [3,4,5]. 
Moreover, the increasing transition to e-platforms in the 
education sector has been facilitated by the wide spread 
connectivity occasioned by the ubiquitous GSM networks 
across Nigeria [6,7,8]. Particularly, due to the large 
population of students in the campuses of higher learning 
and the increasing application of Internet-ready facilities in 
learning, many GSM service providers have installed their 
base stations in many university, college of education and 
polytechnic campus across Nigeria [9,10]. 

Apart from the high exchange rate and high cost of 
living, the heavy reliance on fossil fuel for powering the 
GSM base stations in many sites in Nigeria has been one of 

the key challenges in the GSM industry [11]. Besides, the 
fossil fuel power supply is not environmentally friendly.  It 
pollutes the environment with carbon emissions which are 
harmful to the environment and in many cases, it also 
causes some noise pollution [12]. In addition, the fossil fuel 
is not renewal as such it is among those source that are not 
sustainable [13]. In view of these challenges, the GSM 
service providers are now turning to solar power supply 
systems as alternative energy solution for their base stations 
[14,15]  

In this work, therefore, the grid-connected solar 
power system for powering a GSM base station is 
presented. Beyond the design of the solar power system, the 
focus is further directed to analyzing the carbon balance 
and the degradation that occurs in the system performance 
due to aging. Also, the study considered the energy yield of 
the power system and the attendant system losses.  

2. METHODOLOGY 

This paper considered the solar power system 
deployed for powering a GSM base station located in front 
of ELF lecture hall at University of Uyo main campus. The 
site is shown on the Google map in Figure 1. The study 
focused on using PVSyst software for carrying out the 
analysis of carbon balance, aging, normalized energy 
production and loss factors for a solar power system used 
for powering a GSM base station. In order to accomplish 
the objective, first, the daily energy demand profile of the 
based station is determined, as shown in Table 1. According 
to the data in table 1, the daily energy demand of the base 
station is given in Table 1 as 25392 Wh/day. Secondly, the 
PVSyst was used to download the solar radiation and 
atmospheric temperature datasets of the base station 
location from the NASA portal. In this case, the base 
station site geo-coordinates 5.04013621263276, 
7.975427331154321 were used in the PVSyst 
meteorological data download dialogue box shown in 
Figure 2 to download the requisite the solar radiation and 
atmospheric temperature datasets from the NSA portal. The 
graph of the mean of the daily solar radiation for the GSM 
base station is given in Figure 3 while that of the 
atmospheric temperature is given in Figure 4. 

Thereafter, the optimal tilt angle for the 
installation of the PV panels was determined using the 
PVSyst PV module orientation tool and the screenshot of 
the optimal tilt orientation of the PV panel is shown in 
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