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Abstract- The use of renewable energy sources is gaining widespread application as realization of climate change increases 
and the renewable technology matures. The information and communication technology (ICT) sector is not only enabling 
energy efficiency in other sectors but also adopting green energy into its systems such as data centres and base stations. The 
cellular BSs have emerged as a viable candidate for the incorporation of renewable energy sources especially in off-grid 
areas where diesel generator is the only source of energy. The RESs not only reduce GHGs but also add to energy efficiency 
and energy conservation by providing cheap energy right at the doorstep. Various energy management strategies have been 
formulated employing RES in conjunction with the grid and/or generator power. In this paper we explore the possibility of 
equipping BSs with the renewable energy sources of PV panels and wind turbine to offset the cost of diesel generator and 
reduce the emissions of harmful greenhouse gases (GHGs). We also undertake the sizing and capacity estimation of such 
sources. Furthermore, we explore the possibility of selling the surplus harvested energy to the local grid for the benefit of the 
local community and come up with an optimal green policy for energy sharing between the green base stations and local grid 
in a microgrid scenario. 
 
Index Terms- Renewable Energy, Cellular Base Station, Green Communication, Energy Resource Optimization, Microgrid. 
 
I. INTRODUCTION 
 
The tremendous growth in technology has also 
resulted in an exponential growth in energy 
consumption. The energy required to power our 
systems, run our transportation and sustain our living 
comes from burning fossil fuels, primarily. Not only 
are these fuels depleting but also causing tremendous 
ill effects to our climate, due to the harmful 
greenhouse gas (GHGs) emissions. Thus renewable 
energy sources have gained significant importance 
over the last few decades. The incorporation of 
renewable energy sources (RES) is underway by all 
sectors including the information and communication 
technology (ICT) sector. The emerging paradigm of 
green communication is the future view of 
communication promoting energy efficient systems 
powered by clean and sustainable energy [1]. 
 
Amongst the ICT sector the cellular BS is one of the 
most energy consuming element consuming upto 
60% of cellular network’s energy [2] as shown in Fig. 
1. However, a BS is also ideally suited to have 
renewable sources such as wind turbine and solar 
panels. A BS site is located on a relatively high 
ground with good all around visibility. Also BSs have 
all four elements of energy generation, transmission, 
storage and consumption at one place, which makes 
them ideal for equipping with RES. Thus, a lot of 
research has been undertaken in this regard in recent 
years as over viewed in literature [3]–[7]. 
 
 
 

 
Fig. 1: Amongst all the elements of Cellular network, the BS 
consumes approximately 60% of the total power consumed. 

 
The BSs equipped with RES are likely to have 
surplus energy at off-peak hours such as the night 
time. The surplus harvested energy can be sold back 
to the grid for the consumption of local community. 
This is equally viable for BSs that are installed in off 
grid areas or where there are long outages of 
electricity. This kind of energy sharing is 
economically viable for the network operator (NWO) 
as well as the utility. The NWO can recover its 
investment cost and the utility can make up its 
deficiency in generation of electricity. The rest of the 
paper is organized as follows. In section two 
modeling of an RES enabled BS is carried out. The 
problem statement and expression is formulated in 
section III. The results of simulations are discussed in 
section IV and finally the future scope and challenges 
are touched upon in section V. 
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II. MODELING AN RES ENABLED BS 
 
A cellular BS consumes energy throughout the day in 
servicing its users in terms of voice and data traffic. 
The power sources are the utility (when available) 
and the conventional diesel generator. The 
installation of solar panels and wind turbines at the 
site depends upon its geographical location, energy 
requirement and grid availability. The dynamics of 
powering a BS with renewable energy entail 
determining the load i.e., energy consumption of a 
BS, the size of the energy generation systems and the 
storage capacity or size of the battery bank. We 
compute these in the proceeding paragraphs.  
 
A. Energy Consumption Model  
Many research papers such as have discussed the 
energy consumption of a BS, which may be 
bifurcated into two main types of consumptions. The 
first is the constant energy consumed by the BS 
systems irrespective of the traffic and is static in 
nature (Pstatic). The second is the variable energy 
consumed in servicing the active users and which is 
dynamic in nature (Pdynamic). 

 
 
The dynamic part is directly related to the ongoing 
traffic load of the BS. It is also a function of the BS 
configuration i.e., the number of active transceivers 
(NTrx). The insight into the power consumption of a 
BS is given in the detailed report of project EARTH 
[8], which describes the variable power consumption 
of a BS as function of static and dynamic power as 
follows:- 

 
 
where, P0 is the static power, p is the slope of traffic 
dependent power output and Pout is the power output 
of the power amplifier, which is mainly responsible 
for the variation in consumed power. The maximum 
number of transceivers (NTrx) in a three sector 
coverage is six (3 x 2). Pmax is the maximum power 
consumed by transceivers in serving full traffic load. 
According to the EARTH report the consumption of 
an LTE BS fluctuates between 0.8 kW and 1.35 kW 
for 6 transceivers in operation. We may add another 1 
kW for the cooling required in hot and humid 
conditions of Pakistan. 
B. Energy Generation Model 
A country like Pakistan is blessed in good solar 
insolation and reasonable windy conditions. The 
renewable energy generated from solar and wind 
sources primarily depends on the solar irradiation and 
wind speed available at the site. The size and capacity 
of the solar panels and wind turbine depend on the 
available natural resources and the average daily 
energy storage capacity of the system, which is 
directly related to the energy requirement of the 
system. 

1) Energy Storage Model: Based on the energy 
consumption calculations for a single LTE BS carried 
out in para. II-A above we can make an estimate on 
the battery bank required. With 2.35 kWh of energy 
consumption, the daily energy requirement comes out 
to be 56 kWh, which is more than the actual because 
2.35 kW is maximum load at full traffic. With a 
system running on 48 v DC, the amperage of battery 
bank is approximately 1160 Ah. Taking a 6v/390Ah 
battery we can generate the required wattage by 
connecting 24 such batteries in series-parallel 
connection i.e., 3 parallel sets of 8 batteries connected 
in series. With this battery bank providing the 
required 56 kWh back up we can determine the 
corresponding size of the solar panels and the wind 
turbine to charge the batteries optimally. 
 
2) Solar Energy System: The solar insolation data for 
the Islamabad region provides month wise average 
daily solar insolation. Solar insolation is the solar 
irradiation over a period of time, which is one day in 
this case, and measured in kWh=m2=day. For 
Islamabad region it varies between a minimum value 
of (4:75kWh=m2=day) in December and maximum 
of 6:63kWh=m2 per day in May. Based on this solar 
insolation data we can determine the solar energy 
yield (Epv) for any size of solar panels, using the 
following general expression [9]. 

 
 
Where, A is area of panels in m2, m is the efficiency 
of the solar panels taken as 0.15, PR is the losses in 
system having typical value of 0.75 and I is the 
average daily solar insolation. Thus the average daily 
electrical yield for a panel size of 50 m2 for each 
month is shown in Fig. 2(b) for the Islamabad region, 
which varies from 30 kWh/day to 40 kWh/day 
approximately for the worst and best months. The 
number of panels for the array is 30, for a panel size 
of 1:63m2, having an average power output of 5.85 
kWh. 
 
3) Wind Energy System: Wind is an other natural 
source avilable in vast areas of Pakistan, perhaps not 
as abundantly as solar. However, it is a good addition 
to solar since the later is only available at day time. 
The wind energy is also more unpredictable since it is 
directly related to prevailing wind speed. the average 
wind speed for islamabad region is 5 m/s, which 
varies throughout the year as shown in Fig. 3(a). 
Wind is known to follow Weibull probability 
distribution empirically. The Weibull probability 
distribution curve spread is defined in terms of its 
shape parameter k, having a value equal to 1.80 [11] 
for Pakistan. Based on the wind sped probability 
distribution data and the size of the turbine blades, the 
electrical power generated Ewt by a wind turbine can 
be determined from the following expression [9]. 
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(a) Average solar insolation figures for Islamabad, measured in 
kWh=m2=day onto a solar panel at 56 deg for best year round 
performance [10]. 
 

 
(b) Electrical energy yield for the day calculated for a PV panel 
array of 50m2 having a capacity of 7.8 kWp 

Fig. 2: Solar energy data for islamabad area 
 

 
 
III. PROBLEM FORMULATION 
 
We consider a rural/sub-urban area having N number 
of BSs operated by different NWOs. For example, in 
Pakistan all rural towns and villages are serviced by 
4/5 licensed NWOs operating in the country. We 
consider a central grid station 
 

 
(a) Average monthly wind speed data for Islamabad.(source: 
Islamabad meterological department [12]) 

 
(b) Average daily electrical energy yield from the 7.5 kW BWC-
Excel-R/48 wind turbine 

Fig. 3: Wind energy data for Islamabad region 
 
providing electricity to the area as well as the 
installed BSs. Furthermore, BS sites are equipped 
with solar panels and wind turbines to adequately 
power them throughout the day. The two way energy 
flow between BSs and the grid station allows surplus 
energy from the BSs to be sold back to the grid.  
 

 
 

 
Fig. 4: Energy sharing between Base Stations powered by RES 

and the local grid station (utility) through a controller or a 
microgrid. 

 
electrical energy from utility and diesel generator is 
noted as Et;u n and Et;d n respectively. The energy 
consumption of the BS is Pt n, as described in para II-
A above. At all times the energy consumed cannot be 
more than the energy harvested or taken from 
utility/generator. Mathematically we can express this 
as follows:- 
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subject to: 

 
 
The first and second constraints ensure the minimum 
and maximum limits of decision variables. The 
second constraint ensures that the energy procured 
from RES or the DG is not more than the maximum 
energy generated by these sources. The third 
constraint maintains the energy balance at BS, so that 
energy procured from all sources is not more than the 
instantaneous consumption of BS in that time slot. 
The second constraint ensures that the energy 
procured from RES or the DG is not more than the 
maximum energy generated by these sources. Fourth 
and fifth constraints ensure that a BS may not sell 
energy to another BS or itself. 
 
IV. SIMULATION AND RESULTS 
 
The results of our energy sharing algorithm for the 
RES enabled BSs are discussed here. The Traffic 
pattern for four BSs is generated randomly, showing 
24hr energy consumption varying with time Fig. 5. 
The energy consumption roughly varies between 1.5 
to 2.4 kW, and the peak traffic time is randomly 
selected in the daytime for each BS to have some 
diversity in traffic patterns. 

 

Fig. 5: The total harvested energy from PV array and wind 
turbine (black) against the load variations (red) in a day. 

A. Power Generation 
Given the size of solar panels and the wind turbine, 
we can simulate the power generated at each site with 
randomness in wind speed. The combined power 
from solar and wind sources for a given day is shown 
in Fig.6. for BS1, BS2, BS3 and BS4. Since the four 
BSs are collocated, the availability of solar and wind 
energy will be the same at each site. Also since solar 
energy is only available in day time, the combined 
yield is significantly higher in daylight hours. The 
combined power generated from PV array and wind 
turbine is about 50 kW in the worst months, which 
should be enough to sustain the BS load since we 
have made the load calculations for maximum traffic 
throughout the day, which is clearly not the case. 
B. Power Sharing with Local Community 
The amount of surplus energy is dependent on the 
traffic and the generation at each BS. The simulation 
results of the energy sharing algorithm are shown in 
Fig. Where there is no wind or solar energy available 
the diesel generater provides the required power. The 
share of energy from each BS to the grid station is 
shown in Fig.7 in red while that taken from generater 
is shown in black. It can be seen that maximum 
energy surplus is available is daylight hrs due to 
availability of both solar and wind energy; from – hrs 
to – hrs, which can be used to serve the local 
community through the local grid station in a 
microgrid scenario. 
 
V. FUTURE WORK AND CHALLENGES 
 
The use of hybrid systems comprising renewable and 
nonrenewable systems have been shown to give 
optimal cost savings over total life span [13]. This has 
been made possible due to improvements in related 
technologies, deep cycle batteries,  
 

 

 
Fig. 6: Total energy generated from PV array and wind turbine at each BS shown against the instantaneous power demand in a day. 
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Fig. 7: Net energy profiles for each BS, showing energy procured from utility, energy sold to community, and that used from the 

diesel generator. 
 

power converters etc. [14]. Cellular BSs have a strong 
case for renewable energy especially in areas that are 
off-grid or face long outages of power. The site’s 
solar insolation data and the average wind speed data 
helps determine the type and size of PV panels and 
wind turbines that may be deployed. The hybrid of 
solar and wind promises most yield in energy 
harvesting as demonstrated here. Not only academia 
but industry as well as government and non-
government organizations are exploring the realm of 
energy efficiency in wireless communications [15]. 
The research on energy efficiency (EE) in cellular 
communication is being carried out from different 
perspectives, such as energy efficiency metrics and 
consumption models, energy efficient hardware and 
technologies, energy efficient architectures, energy 
efficient resource management, incorporation of 
renewable energy sources. All these areas need focus 
in future research to develop proven hybrid systems 
for easy industrial integration. 
 
REFERENCES 
 

[1] H. Al Haj Hassan, L. Nuaymi, and A. Pelov, “Renewable 
energy in cellular networks: a survey,” in Online 
Conference on Green Communications (GreenCom), 2013 
IEEE. IEEE, 2013, pp. 1–7. 

[2] T. Chen, Y. Yang, H. Zhang, H. Kim, and K. Horneman, 
“Network energy saving technologies for green wireless 
access networks,” Wireless Communications, IEEE, vol. 
18, no. 5, pp. 30–38, 2011. 

[3] H. A. H. Hassan, L. Nuaymi, and A. Pelov, “Classification 
of renewable energy scenarios and objectives for cellular 
networks,” in Personal Indoor and Mobile Radio 
Communications (PIMRC), 2013 IEEE 24th International 
Symposium on. IEEE, 2013, pp. 2967–2972. 

[4] L. Suarez, L. Nuaymi, and J.-M. Bonnin, “An overview 
and classification of research approaches in green wireless 

networks,” Eurasip journal on wireless communications 
and networking, vol. 2012, no. 1, pp. 1–18, 2012. 

[5] D. Feng, C. Jiang, G. Lim, L. J. Cimini, G. Feng, and G. 
Y. Li, “A survey of energy-efficient wireless 
communications,” Communications Surveys & Tutorials, 
IEEE, vol. 15, no. 1, pp. 167–178, 2013. 

[6] Z. Hasan, H. Boostanimehr, and V. K. Bhargava, “Green 
cellular networks: A survey, some research issues and 
challenges,” Communications Surveys & Tutorials, IEEE, 
vol. 13, no. 4, pp. 524–540, 2011. 

[7] R. Mahapatra, Y. Nijsure, G. Kaddoum, N. U. Hassan, and 
C. Yuen, “Energy efficiency tradeoff mechanism towards 
wireless green communication: A survey,” IEEE 
Communications Surveys & Tutorials, vol. 18, no. 1, pp. 
686–705, 2015. 

[8] G. Auer, O. Blume, V. Giannini, I. G. ETH, M. A. Imran, 
Y. J. EAB, E. Katranaras, M. O. EAB, D. S. TI, P. S. EAB 
et al., “Infso-ict-247733 earth.” 

[9] W. L. Theo, J. S. Lim, W. S. Ho, H. Hashim, and C. T. 
Lee, “Review of distributed generation (dg) system 
planning and optimisation techniques: Comparison of 
numerical and mathematical modelling methods,” 
Renewable and Sustainable Energy Reviews, vol. 67, pp. 
531–573, 2017. 

[10] http:nnsolarelectricityhandbook.com/solar-irradiance.html.  
[11] I. Mirza and M. Khalil, “Renewable energy in pakistan: 

opportunities and challenges,” Science Vision, vol. 16, pp. 
13–20, 2011. 

[12] https://www.windfinder.com/windstatistics/ islamabad-
rawalpindi-airport. 

[13] R. Karki and R. Billinton, “Reliability/cost implications of 
pv and wind energy utilization in small isolated power 
systems,” Energy Conversion, IEEE Transactions on, vol. 
16, no. 4, pp. 368–373, 2001. 

[14] P. Nema, R. Nema, and S. Rangnekar, “A current and 
future state of art development of hybrid energy system 
using wind and pv-solar: A review,” Renewable and 
Sustainable Energy Reviews, vol. 13, no. 8, pp. 2096–
2103, 2009. 

[15] A. P. Bianzino, C. Chaudet, D. Rossi, and J.-L. Rougier, 
“A survey of green networking research,” 
Communications Surveys & Tutorials, IEEE, vol. 14, no. 
1, pp. 3–20, 2012. 

 
 
 

 
 


