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Abstract
In times of steadily increasing energy costs and with the vanishing 
resources of the classic, non-regenerative energy sources, we see 
the challenge of finding new solutions for the uninterruptable 
power supply of mobile radio Base Stations (BTS). In just the 
last few years, the number of worldwide cellular base stations 
has grown from numbering in the hundred thousand to the many 
millions, and with this explosion in base station numbers has 
come with it the fear for all the greenhouse gases and pollution 
that powering a cellular network creates. According to technical 
analysts, the base stations are the most energy intensive part of a 
typical cellular network. Saving power in base stations is therefore 
the primary focus in green cellular networks. The main goal of 
designing green base stations is for saving energy and reducing 
power consumption while guaranteeing service and coverage for 
users and ensuring the capability of base station for evolution. 
A growing environmental consciousness and the demand for 
reduction of the emission of greenhouse gases like CO2 increase 
the motivation to develop alternative power supply concepts. The 
paper introduces a concept: how to feed a BTS with all known 
suitable high-efficiency-power conversion technology, advanced 
hardware and software design and renewable energy sources.
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I. Introduction
The last decade has seen exponential growth in wireless 
communication. The growth of mobile networks coupled with 
intense competition has sharpened operator’s focus on deployment 
logistics, security, and cost. One challenge is how to power the 
telecommunication networks. Inconsistent power grid coverage, 
challenging terrain, and potential theft, add to the cost of traditional 
fuel based power systems. In addition, legislative pressures and 
the potential for Carbon trading revenues are causing the Mobile 
Telecommunications Industry to become mindful of its impact on 
carbon emissions [1]. Information and Communication Technology 
(ICT) already represents around 2% of total carbon emissions 
(of which mobile networks represent about 0.2%), and this is 
expected to increase every year. In addition to the environmental 
aspects, energy costs also represent a significant portion of network 
operators’ overall expenditures (OPEX) [4]. There are currently 
more than 4 million base stations (BSs) serving mobile users, each 
consuming an average of 25MWh per year. Every year, 120,000 
new base stations are deployed servicing 400 million new mobile 
subscribers around the world [3]. Also, with the introduction of 
the iPhone and other software driven smart phones the Internet 
is now accessible from a mobile platform which will place even 
greater demand for broadband. Due to spectrum scarcity and high 
bandwidth requirements of the users, the BSs will be deployed 
more densely in the future 4G networks. As a result, energy saving 
approaches is urgently required by both the government and network 

venders [2]. Green communication is an innovative research area 
to find radio networking solutions that can greatly improve energy-
efficiency as well as resource-efficiency without compromising 
the quality of service (QoS) for users. Green Communications not 
only benefits the global environment but also makes commercial 
sense for telecommunication operators supporting sustainable 
and profitable business. The European Commission has started 
some projects under seventh Framework Programme (FP7) like 
“Energy Aware Radio and NeTwork TecHnologies (EARTH)” 
[5], “Towards Real Energy-efficient Network Design (TREND)” 
[6] and “Cognitive Radio and Cooperative strategies for Power 
saving in multi-standard wireless devices (C2POWER)” [7] to 
address the energy efficiency of mobile communication systems. 
These projects focuses on investigating the energy efficiency of 
mobile communication systems by applying a number of technical 
approaches and committed to the development of a new generation 
of energy efficient equipment, network architecture & protocols, 
energy-efficient wireless transmission techniques for reduced 
transmission power & reduced radiation, crosslayer optimization 
methods, network management solutions and opportunistic 
spectrum sharing without causing harmful interference pollution 
[8]. This paper is divided into following sections: (1) Power 
consumption (2) Antenna design (3) Techniques for enforcing 
an energy efficient network (4) Joint deployment of macrocells 
and microcells (5) Use of Renewable  Energy Resources.

II. Power Consumption
A typical cellular network consists of three main elements (1) 
A core network that takes care of switching (2) base stations 
providing radio frequency interface (3) and the mobile terminals in 
order to make voice or data connections. The power consumption 
is distributed across the different functionalities of the network like 
mobile switching, core transmission, data center etc. But the base 
stations are the most energy intensive part of the cellular network 
[8]. There are currently more than 4 million base stations (BSs) 
serving mobile users, each consuming an average of 25MWh per 
year. In a traditional cellular network, the BSs consume over 60% 
of total energy [9].

Fig. 1:  Power Consumption of a Typical Wireless Cellular 
Network [10] 
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A base station consists of different components like Baseband 
(BB) processors, Transceiver (TRX) (comprising Power Amplifier 
(PA), RF transmitter and receiver), feeder cable and antennas, main 
supply, voltage converters, and cooling units. In macro BSs the 
PA is the component with the highest energy consumption. Even 
when no data is transmitted the PA requires a constant DC power 
supply for its operation. With the scarcity of spectrum resources 
and the high bandwidth demands from users, BSs will be more 
densely deployed, especially for the future 4G networks. The 
large number of BSs contributes a significant portion of the whole 
network energy consumption. Dense BS deployment indicates 
that the number of covered users per BS is small, which leads to 
more random traffic variations among BSs [2,11]. This causes 
a large amount of CO2 emission as well as contributes to the 
network’s operating costs. Thus base station power consumption 
is the biggest power issue concerning cellular networks. Saving 
power in base stations is therefore the primary focus in green 
cellular network development [8].

III. Antenna Design
It is essential to reduce energy consumption of the network devices 
by improving hardware design and relevant in-device protocols. 
In addition to the devices, the network deployment also plays 
an important role in provisioning satisfactory Quality of Service 
(QoS) for customers and achieving energy efficiency. In order 
to reduce the capital expenditures and operational expenditures  
manufacturers and operators point at optimizing the architecture 
of the site and using renewable energies, improving the power 
efficiency of the hardware, and deploying smart resource 
management tools that activate network resources only when 
needed. 
In macro BSs the Power Amplifiers (PA) is the component with 
the highest energy consumption. Even when no data is transmitted 
the PA requires a DC power supply holding its fixed operation 
point designed for low distortion amplification. At present, the DC 
power supply is fixed independently of the traffic load and thus, for 
a major part of the day, power is wasted. So, in terms of hardware 
improvements, manufacturers propose to replace existing power 
amplifiers with new efficient devices using Digital Pre-Distortion 
(DPD) or envelope tracking for wideband signals. Noticeably, 
these efficient power amplifiers allow up to 50% energy saving 
overall, and can potentially provide an extra 20% saving in the 
next few years [12].

A. Site Design
Site design is fundamental for an efficient usage of energy. For 
instance, flexible and lightweight sites could be better located 
to provide uniform coverage with no need for high transmission 
power. Most importantly, site design is responsible for minimizing 
ownership and management costs, and for reducing the need for 
energy-hungry air conditioning. Clearly, site design depends on the 
availability of more efficient, compact, and low-power consuming 
electronic devices [12]. A substantial reduction of the power needed 
to operate a base station also significantly helps the deployment of 
sites totally or partially operated by means of renewable energies, 
e.g., solar panels, bio-fuels and eolic turbines.

B. Flexi Base Station
The Flexi base station is a software-defined base station for 
technologies like Global System for Mobile Communications 
(GSM)/ Enhanced Data rates for GSM Evolution (EDGE), 
Wideband Code Division Multiple Access (WCDMA)/ Evolved 

High-Speed Packet Access (HSPA+), and 3rd Generation 
Partnership Project (3GPP) - Long Term Evolution(LTE) (i.e. 
Frequency division duplex (FDD)/ Time-division duplex (TDD) 
systems) [8]. The benefits are as follows: (i) reduce site energy 
costs up to 70%; (ii) reduce size and weight of network equipment 
by 80%; (iii) allow flexible location, i.e., indoor and outdoor, with 
no need for air conditioning; (iv) shorten antenna feeders; (v) 
make new sites ready for future radio technologies. The Flexi base 
station CO2 footprint is further diminished by its software-based 
capacity and capability upgrades. In fact, Flexi base stations can 
be remotely managed, in terms of tuning the running capacity 
(i.e., the number of GSM frequencies in use), and also remotely 
upgraded, canceling the need for site visiting. Flexi base station 
is also ready for using renewable energy such as solar or wind 
power [12].

C. Tower Tube 
Tower Tube is an award winning solution by Ericsson with latest 
technology and innovative design to reduce construction cost, 
decrease carbon emission and energy optimization. Tower tube has 
its radio base station positioned at height for increased network’s 
coverage, capacity and low feeder loss. It has a modern design for 
a 5 m diameter, 40 m-high flexible concrete tower encapsulating 
all radio base station equipment and antennas. The concrete itself 
has a lower environmental impact than traditional steel, producing 
30% less CO2 emissions during production and transportation 
[12].

IV. Techniques for Enforcing an Energy Efficient 
Network

A. Switching On/Off BSS to Save Energy
The system is designed to operate in order to satisfy the quality 
of service (QoS) constraints under off-peak traffic load periods. 
Hence, the underutilization of the BSs during low traffic periods 
leads to a significant energy waste. So we can switch off some 
BSs when the traffic load is low [13], considering the conditions 
under which the switch on/off scheme is effective with taking into 
account that the QoS should not be degraded, the cell coverage 
should not be reduced and the network operations must be stable. 
This leads to power saving, but it is important that it must guarantee 
the QoS [14]. The QoS refers to the outage probability of the 
UEs and throughput. The outage occurs when there is no BS to 
serve the traffic of a switched off BS. Although we switch off 
some BSs, the remaining BSs are responsible for covering the 
parts of the networks that were covered by the switched off BSs 
[15]. In addition, before switching off BS, we first ensure that the 
remaining BSs can serve the traffic of the network. We do not 
switch off any further BSs if those that remain on are not able to 
serve the existing traffic at the present time in the network [16].

B. Joint Radio Resource Management
Joint radio resource management strategies have been proposed 
for the cooperation between GSM and UMTS systems on the 
same base station. The analytical study in [17] illustrates benefits 
offered by the cooperation of 2G and 3G systems. In particular, 
inter-technology handover, i.e., from 2G to 3G and vice versa, 
enables a substantial reduction of the system blocking probability 
at no additional cost, with no need for increasing the capacity 
of the network. Furthermore, the decision for a user to select 
one of the available radio systems can be performed subject 
to congestion control and energy aware mechanisms, with the 
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interesting conclusion that, under low load conditions, the higher 
gain is obtained by letting all users use one technology only and 
putting in sleep mode the base station components operating on 
other technology [12].

C. Band Width Adaptation
The BW adaptation approach is based on adjustment of the 
bandwidth to the required traffic load. During medium or low traffic 
the bandwidth is stepwise downscaled, and so lower numbers of 
physical resource blocks (PRBs) are allocated. The BS can adapt 
to lower supply voltage and also less reference signals (“pilots”) 
have to be sent. This however, requires a reconfiguration of BS 
system parameter and signaling to mobile terminals or the usage 
of carrier aggregation procedures [18].

D. Envelope Tracking Technology
The basic idea of envelope tracking is that instead of changing the 
signal to match the power amplifier characteristics, dynamically 
try to adjust the supply voltage of the power amplifier to match 
the envelope of the signal to be amplified. Thus, envelope tracking 
ensures that the output device remains in its most efficient 
operating region, i.e., in saturation. With envelope tracking, the 
supply voltage tracks the signal envelope, so that the input power 
closely matches the radio-frequency output power. This matching 
turns into a dramatic reduction of the energy dissipated as heat 
[12].

E. Cognitive Multi Frequency Operation
Multi-frequency-band operation can potentially be explored in 
green operation. Lower frequency bands have better penetration 
capability and can provide better coverage under the same 
transmission power constraint. Such a lower frequency band could 
potentially be used by larger cells, overlapping with smaller cells 
on a higher frequency band. But the frequency selection requires 
more advanced physical layer technology, which is available in 
current commercial mobile devices to some degree, with more 
advanced features being developed as part of the cognitive radio 
paradigm [19].

F. Cell zooming
Cell zooming is a technique to adaptively adjusts the cell size 
according to traffic conditions. It has the potential to balance 
the traffic load and reduce the energy consumption. When a cell 
is congested, the cell can zoom in to reduce the cell size and 
therefore release from the congestion and the neighboring cell 
zooms out to avoid any possible coverage hole. Cell zooming can 
be implemented by adjusting the physical parameters such as the 
transmit power of base stations, or by base station cooperation 
and relaying [8].

G. Joint Deployment of Macrocells and Microcells
Rising energy costs and the recent international focus on climate 
change issues has resulted in a high interest in improving the 
energy efficiency in the telecommunications industry. It is shown 
that a joint deployment of macro and publicly accessible residential 
picocells / femtocells can reduce the total energy consumption 
by up to 60% in an urban area with today’s technology [20]. The 
macrocell are utilized for high speed traffic, however picocells / 
femtocells are for indoor traffic and publically accessible areas 
(hotspots) [21]. The base stations used in picocells / femtocells are 
compact and small portable devices, which can be easily installed 
on existing infrastructure and are often battery operated. They 

recharge periodically and it would be beneficial from a greener 
perspective if this can be as less frequent as possible. Thus, these 
base stations need to judiciously use the available battery power. 
Further, if one assumes that all these base stations are accessible 
to a central control unit via a back haul link, depending on the 
load, some of these devices can be deactivated to conserve their 
battery life [25].

1. Picocell
The picocells are small versions of base stations, ranging in size 
from a laptop computer to a suitcase. Besides plugging coverage 
holes, picocells are frequently used to add voice and data capacity, 
something that repeater and distributed antenna cannot do. Adding 
capacity in dense area, splitting cells are expensive, time consuming 
and occasionally impossible in dense urban environment where 
room for a full size base station often is expensive or unviable. 
Compact size picocells makes them a good fit for the places 
needing enhanced capacity, they can get. Picocells are designed 
to serve very small area such as part of a building, a street corner, 
malls, railway station etc. These are used to extend coverage to 
indoor area where outdoor signals do not reach well or to add 
network capacity in areas with very dense uses [21].

Fig. 2:  Picocell Working

2. Femtocell
Femtocell base stations are devices that enhance the wireless 
experience in the home or office, bringing higher data rates, better 
coverage and lower cost plans to the user. In typical femtocell 
network architecture, mobile phone users in the enterprise connect 
to the femto base station [27-28]. This femto base station uses 
the existing landline connection (usually DSL, cable or fiber) to 
connect to the wireless operator’s network. These femto base 
stations must co-exist within the macro base station area and 
provide powerful performance, while coping with challenges of 
interference, power control and hand off with the macro network 
[22].

Fig. 3: Femtocell Working
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V. Use of Renewable Energy Resources
Renewable energy is referred to as the energy that can be repeatedly 
replenished while non-renewable energy cannot. The renewable 
energy uses eco-friendly and sustainable energy sources, e.g. wind, 
solar, modern biomass, and etc., which is called green energy. 
According to International Energy Agency (IEA), “Renewable 
Energy is derived from natural processes that are replenished 
constantly. In its various forms, it derives directly or indirectly 
from the sun, or from heat generated deep within the earth [2]. It is 
widely believed that the use of green energy is the most effective 
method for improving the overall environment. Currently, around 
16% of global final energy consumption comes from renewable 
energy with around 18% of green energy. Among a variety of 
green energy sources, wind power grows rapidly at the rate of 30% 
annually, which achieved 198GW all over the world in 2010. Solar 
power is another popular green energy sources, and cumulative 
global photovoltaic (PV) installations surpassed 40GW at the 
end of 2010 [9, 23].
In the past, power generators have been using diesel engines, 
while the current trend is towards the replacement of diesel 
with bio-fuels, and traditional generators with solar- or wind-
powered generators. In 2005, a wind and solar trial was launched 
at Motorola’s facility in Swindon, UK. Wind and solar energy 
power a Horizon II DC Mini BTS in a 4 carrier configuration 24 
hours per day, 7 days per week [1].

A. Some of the Renewable Energy Resources are 

1. Fuel Cell
Fuel cells are emerging as a strong alternative power source 
candidate. Fuel cell design and manufacturing improvements, 
combined with increased volumes being produced, have seen costs 
decline while technical performance, reliability and longevity has 
improved. Due to this they are challenging conventional engine 
driven generators in terms of cost and reliability. Fuel cells are 
used in the role often played by diesel generators or batteries: to 
provide backup for an unreliable power source, or in a limited 
number of cases, as the sole power source. Market research has 
shown that where fuel cells are deployed, in most cases they are 
displacing diesel generators rather than batteries. Fuel cells operate 
by converting a fuel, such as hydrogen, into electricity without 
combustion. Fuel cells emit no or low quantities of carbon dioxide, 
depending on the system type [24].

Fig. 4: Working of Fuel Cell

There are other local environmental benefits compared to diesel 
generators, such as reduction in noise and other pollution such 
as particulate matter, nitrogen and sulphur oxides. There are 
several types of fuel cells, of which the most promising for 
telecommunications is the Proton Exchange Membrane Fuel Cell 
(PEMFC). The PEMFC operates at low temperatures, and runs at 
40-60% efficiency [1, 29].

2. Wind Power
Wind energy is a form of solar energy because wind is the 
movement of air in response to pressure differences within the 
atmosphere and such pressure differences are caused primarily by 
differential heating effects of the sun on the surface of the earth. 
Wind has considerable potential as a global clean energy source, 
being both widely available, though diffuse, and producing no 
pollution during power generation [2]. For wind power, a wind 
turbine attached to an electrical generator converts wind power 
to electrical energy and the electricity from small units can be 
stored in lead-acid batteries, as direct current. Globally, wind 
power production quadrupled from 2000 to 2006. It accounts 
for 20% of electricity use in Denmark, 9% in Spain, and 7% in 
Germany [1].

Fig. 5: Working of Wind Energy

3. Photovoltaic (PV) Cells 
Solar PV cells are solid-state semiconductor devices with no 
moving parts that convert sunlight into direct-current electricity. 
PV cells work when light strikes their surface and they absorb 
photons of radiation in the visible region of the electromagnetic 
spectrum. Each photon of light energy is absorbed by an electron 
within the solid material. In absorbing the energy, the electron 
acquires an electrical potential. This potential can be made 
available as electrical energy, as an electric current. The current 
is produced at a specific fixed voltage called the cell voltage. For 
example for silicon it is around 0.6 Volt [2, 30].

Fig. 6: Photovoltaic (PV) Cell [2]
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There are two types of PV Modules. First, solar photovoltaic (PV) 
modules convert sunlight directly into electricity. Second, solar 
thermal power systems use focused solar radiation to produce 
steam, which is then used to turn a turbine producing electricity. 
PV does not produce any negative environmental effects by way 
of pollution to the air, land or water. It makes no noise, and does 
not consume any non-renewable resources [2].

4. Pico Hydro 
The term pico hydro refers to very small hydro systems. There is 
a large potential market for pico hydro due to the fact that:

Small water flows are required• 
Small communities in the developing world are often not • 
linked to a power grid
Locally manufactured pico hydro systems have lower long • 
term costs per kilowatt than solar, wind, or diesel systems
Hydro systems provide constant energy during times of • 
normal rainfall

The basic principle of pico hydro system is that when the potential 
energy stored in the elevated water supply flows through a pipe 
called a penstock, to drive a turbine which drives a generator 
which converts the mechanical energy to electrical power. Typical 
energy efficiency in such is a system is 40-50%. Alternative hydro 
solutions include submersible and tidal systems [1].

Fig. 7: Pico Hydro Power Generation Schematic

Today, the primary use of pico hydro is for lighting and basic 
electrical needs in remote areas. However, areas with high rainfall, 
steep flowing streams and rivers provide an ideal source of power 
for wireless communication network base stations, allowing the 
low cost, low maintenance deployment of wireless communications 
to emerging markets [1].

5. Solar and Wind Hybrid System 
The operational concept of the hybrid system is that renewable 
resources are the first choice for supplying load and any excess 
energy produced is stored in the battery. Pairing solar and wind 
collection systems at one site can provide diversity protection 
against the variable natures of both energy sources. The solar PV 
module along with a wind turbine, the small prototype can create 
powers a load of capacity of 120 Watts. The design implementation 
consists of adding reflectors to the photovoltaic panel along with a 
dedicated sun tracking system. Further, a wind sensor detects the 
maximum wind flow direction to guide the windmill with plastic 
finished edges to improve the overall efficiency. Expert system 
design and dimensioning with consideration of the local sunlight 
and/or wind patterns maximizes energy capture through a broad 
range of common conditions [26].

Fig. 8: Solar and Wind Hybrid System

VI. Conclusion
In times of steadily increasing energy costs and with the vanishing 
resources of the classic, non-regenerative energy sources, we see 
the challenge of finding new solutions for the uninterruptable 
power supply of mobile radio Base Stations (BTS). Green 
communication is an innovative research area to find radio 
networking solutions that can greatly improve energy-efficiency 
as well as resource-efficiency without compromising the Quality 
of Service (QoS) for users. Green Communications not only 
benefits the global environment but also makes commercial 
sense for telecommunication operators supporting sustainable 
and profitable business.
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