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Abstract—Solar power is a promising source of energy to use for 
base stations in mobile networks in order to make 
telecommunication systems environmentally friendly. Solar 
energy is an economic and ecological source to supply mobile 
base stations, although its efficiency is depending on geographical 
location and the continuously changing weather conditions. In 
this paper new methods are introduced to calibrate solar cells 
and improve the availability of base stations by controlling 
consumption and energy storage. The developed power 
management algorithms can help to improve reliability of mobile 
services and provide acceptable quality of services for the 
customers. 
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I.  INTRODUCTION 

Solar power is becoming a promising source of energy for 
telecommunication systems in places where conventional 
electricity is unavailable or impractical [1], for example rural 
areas with limited access to the electricity grid. Solar power is 
available in almost every location, so base stations can be 
deployed far away from the electricity grid. By exploiting solar 
power to run mobile base stations will not only allow operators 
to reduce their operation costs, but also allow deeper 
penetration of mobile networks to inaccessible areas. The 
increasing popularity of high bandwidth mobile services is also 
a motivation to connect people living in or traveling to 
remotely located rural areas. According to a forecast from In-
Stat [2], over 230,000 cellular base stations in developing 
countries will be solar-powered or wind-powered by 2014. 

As the world’s telecommunication networks are extended 
and upgraded, rural communication services are becoming 
more and more important. Without central electricity 
connection, a standalone power system is required in rural 
areas to provide energy for the operation. The deployed 
standalone power system must be cost effective, simple to 
maintain, and reliable.  

Solar energy can be used not only from practical reasons, 
but from ecological motivations, too. The energy consumption 
of the Internet is becoming a key issue and more and more 
activities and projects are studying how to reduce the energy 
waste. Information and communication technologies are 
estimated to be responsible for a significant fraction of the 
world power consumption, ranging between 2% and 10% [3], 
and contributes an increasing share to global green house gas 
emissions accounting for over 2% already in 2007 [4]. Energy 

efficiency of telecom networks is not just a necessary 
contribution towards the fight against global warming, but with 
the rapidly rising prices of energy, it is becoming also a 
financial opportunity. Numerous work [5][6] was presented to 
prove that significant energy savings can be achieved by 
accurately turning off nodes and links, e.g. during off-peak 
time. Solar-powered sites have very low environmental impact 
and also have the advantage of very low maintenance needs, 
with a technical lifetime of even 20 years. These sites are much 
more reliable than diesel generator powered systems. Using 
solar base stations instead of diesel generators powered ones, at 
least 35 tons of CO2 and 13,000 liters of fuel are expected to be 
saved per year [7].  

Some operators are already deployed base stations 
exclusively with solar energy source [8]. The operated system 
is programmed to keep the station working independently and 
without supply up to 5 days, in case of fog or snow. The station 
does not need any special maintenance or investment, except 
the change of used batteries once every 5 to 7 years. 

Solar power is generated using the photovoltaic properties 
of semi-conductors to convert light energy into electricity. 
Manufacturing costs for solar cells have been declining by 3-
5% per year in recent years, leading to growth capped only by 
silicon supply issues. The global adoption of solar is becoming 
a commercially viable technology, due to falling costs and 
growing reliability of solar equipments. The cost effective solar 
energy is an economical source to be adapted to mobile 
telecommunications environment, however new operation 
challenges must be solved. 

The rest of this paper is organized as follows. The 
background of solar-powered mobile telecommunication 
systems and power consumption models are presented in 
Section II. In Section III. the proposed consumption and 
bandwidth controller algorithms are introduced. The obtained 
performance results are presented in Section IV. The summary 
of the paper and the conclusions can be found in the last 
section. 

II. BACKGROUND 

Energy management of wireless telecommunication 
systems are intensively investigated to found solutions for 
consumption reduction. In case of solar-powered base stations 
other type of power management methods are required 
compared to conventional ones, because the access to energy 
source is limited and not continuous. The solar cell dimensions 
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