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Abstract – Energy efficiency has received significant 

attention from both academia and industry because of the 

importance of reducing the operational expenditures and 

maintaining the profitability of GSM networks, in addition to 

making these networks “greener”. In this paper, Green 

Communication technology in Global System of Mobile 

(GSM) communication was appraised. Additionally, we 

present some green communication technologies that have 

been used recently in GSM. 
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I. INTRODUCTION 
 

According to [1], the word "technology" can also be 

used to refer to collection of techniques, skills, methods 

and processes used in the production of goods or services 

or in the achieving of objectives, such as scientific 

investigation. Technology can be the knowledge of how to 

combine resources to produce desired products, to solve 

problems, fulfill needs, or satisfy wants; it includes 

technical methods, skills, processes, techniques, tools and 

raw materials., etc. or it can be embedded in machines, 

computers, devices and factories, which can be operated 

by individuals without detailed knowledge of the workings 

of such things, to a collection of techniques. In this 

context, it is the current state of technology is the 

application of math, science, and the arts for the benefit of 

life is known as Technology.  

Energy crisis and climate change are not just the only 

enormous present and future problems, as their effects on 

life and the environment are very obvious and at a very 

alarming rate. Carbon dioxide (CO2) and methane 

(Greenhouse emissions), are responsible for global 

warming with devastating consequences on the human 

society and the planet [2]. Apart from the catastrophic 

consequences on the environment, the energy crisis is 

becoming glaring with claims showing that approximately 

50% of the world petroleum resources are already 

exploited [3], creating major obstacles for power supply 

with the attendant negative effect on the economy.  

Besides, in the recent past, the GSM sector, which is a 

family of the cellular networks has developed 

tremendously. This growth is as a result of the increase in 

the numbers of mobile subscribers, data rates and 

multimedia applications.  

According to [4], the data transmission rate doubles by a 

factor of approximately ten every five years. Figure 1 

unveils how the number of subscribers in GSM networks 

have increased [5]. The increase witnessed in the number 

of mobile subscribers translated to an increase in data 

traffic, hence the increased in the number of base stations 

in a bid to measure up with the need of customers. 

Because the base station is the primary energy consumer 

in the network, efforts have been made to study base 

station energy consumption and to find ways to improve 

energy efficiency.  
 

 
Fig. 1. Growth forecasts for global HSPA and LTE 

subscribers, 2012–2017 [5]. 

 

As the use of Information Communication Technology 

(ICT) becomes an essential part of human daily lifestyle 

allowing social and business interaction on a local and 

global scale, the pace of development and integration of 

new technologies is performed on an accelerating rate. 

According to ITU estimations, Internet users reached 

around 2.7 billion by the end of 2013, almost 40% of the 

world’s population, whereas mobile cellular subscribers 

approach 7 billion, with the mobile broadband being the 

most dynamic market with 2.1 billion subscribers globally 

[6].  

Given the exponential growth of network traffic and 

increasing network infrastructure for achieving higher 

speeds and capacity, energy consumption of networks has 

become a significant concern, from a business as well as 

environmental perspective. The telecommunication 

networks’ greenhouse emissions growth rate is expected to 

continuously increase as illustrated in Figure 2. Wireless 

and wireline networks accounted for an equal share on 

greenhouse emissions between 2002 and 2011 with a 

footprint of 0.13 and 0.20 gigatons of CO2 equivalent 

(GtCO2e), respectively. However, the remarkably high 

data volumes in the mobile communications sector and the 

launch of fourth-generation (4G) long-term evolution 

(LTE) networks have the consequence of increasing the 

wireless greenhouse footprint to 0.16 GtCO2e compared to 

a wireline equivalent of 0.14 GtCO2e anticipating the 

adoption of fiber optics that significantly lower the energy 

consumption. 
 

Global voice and data networks emissons (GtCO2e) 
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Fig. 2. Telecommunication system emissions between 

2002 and 2020 showing wireless and wireline 

contributions [7] 

 

 
Fig. 3. Worldwide electricity consumption by 

communication networks [8]. 

 

Most of the previous studies on this subject have 

focused on improving both system capacity and data rates, 

while neglecting the increasing demand of cellular 

networks for energy. This increasing energy demand has 

prompted considerable research on the subject of “green 

communications.” This paper discusses the appraisal of 

green communication technology in GSM. Maybe the two 

most important reasons to go into the development of 

green communications technology are increases in carbon 

dioxide (CO2) emissions and increases in operational 

expenditures (OPEX) of GSM. CO2 emissions are mainly 

associated with off-grid sites that provide coverage for 

remote areas. Most such sites are powered by diesel-power 

generators. According to [9], in 2002, the amount of CO2 

emissions associated with information and communication 

technology (ICT) was 151 MtCO2. The mobile 

communication sector was responsible for 43% of this 

total, and this proportion is expected to increase to 51% of 

the total, or 349 MtCO2, by 2020. With respect to the 

economics of the sector, [10] indicates that ICT currently 

consumes 600 TWh (Terawatt hours) of electrical energy 

and that this consumption is expected to increase to 1,700 

TWh by 2030. Cellular networks represent the largest 

component of the ICT sector. Figure 3 illustrates the total 

electricity consumption by communication networks 

around the world. Energy consumption by cellular 

networks is expected to increase rapidly in the future if no 

measures are taken to alter this trend [11].  

 

 
Fig. 4. Energy consumption composition of a mobile 

operator. 

 

The above-mentioned statistics have motivated 

researchers in both academia and industry to develop 

techniques to reduce the energy consumption of GSM 

networks, thereby maintaining profitability and making 

cellular networks “greener.” As shown in Figure 4, the BS 

is the main energy consumer in a cellular network [12]. 

Reference [11] indicated that the numbers of BSs are 

increasing and will continue to increase in the future to 

guarantee the quality of service (QoS) expected by mobile 

subscribers. As a result, energy consumption by base 

stations will continue to increase. Therefore, an effort is 

required to reduce the energy consumption of base 

stations, while continuing to provide the expected quality 

of service, taking into account the associated cost. The 

energy consumed by a BS consists of two components. 

The fixed component represents the energy consumed by 

the internal components of the BS, which require further 

classification of the components of BS sites and the energy 

consumption of each component. The dynamic component 

represents the energy consumed in RF transmission [13]. 

Thus, the solutions have two components: first, the 

hardware solution, for which the focus is on improving the 

energy consumption in the BS components, such as power 

amplifiers (PAs), digital signal processors (DSPs), cooling 

systems, and feeder cables and second, intelligent 

management of network elements based on traffic load 

variations. 
 

II. WHAT IS GREEN COMMUNICATIONS? 
 

A. Types of Environmental Impacts  
When discussing green technologies, a lot of terms are 

often used and misused. One of the key issues when 

discussing green communications is what is exactly meant 

with “green” communications. It is reasonable to assume 

that a synonym for “green” is environmentally friendly’. 

But environmentally friendly is a broad term. Due to the 

problem of global warming and the associated climate 

change, the carbon emissions currently receive most 

attention. However, when regarding an environmentally 

friendly solution, issues like air, water and soil quality, 
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protection of the ozone layer, use of natural resources, 

waste reduction etc. need to be considered as well.   Green 

Technology is a term which came into limelight when the 

world felt that there is urgency in the direction of 

environmental and ecological stability. There is no such 

exact definition of green technology but United Nations 

[14] defines Green Technology as “technology that has the 

potential to significantly improve environmental 

performance relative to other technology. It is related to 

the term environmentally sound technology.” Green 

Technology is the application part of branches of science 

which tries to conserve the natural environment and to 

minimize the adverse impacts of human activity. It is 

related to sustainable technologies. In this section we will 

briefly see various green technologies that are in use in 

GSM. 

When regarding the energy consumption of ICT 

equipment this energy consumption is exclusively in 

electricity consumption (in the use phase of the life cycle). 

Based on global electricity production statistics, an 

average of 500 g CO2e/kWh is emitted. However, in 

reality the CO2e emissions per kWh vary depending on 

the country or region where the electricity is produced. For 

example, in Australia the emissions are approximately 875 

g CO2e/kWh while in Iceland the emissions are virtually 

0. This is due to the technologies used for energy 

production. Coal and gas installations emit typically 

between 800 and 950 g CO2e/kWh while renewables do 

not emit greenhouse gasses. The greenhouse gas emissions 

for nuclear power are also very low, but this energy source 

has other environmental issues related to it such as the 

treatment of nuclear waste. 

 

III. GREEN COMMUNICATIONS IN GSM 

NETWORKS 
 

Three fundamental approaches for energy saving are 

identified: introduction of new energy-efficient network 

elements, improvement of dynamics of the network and 

employment of sleep mode. However, most of the 

strategies stemming from these basic approaches only 

consider the operating energy consumption but the 

manufacture energy is ignored. In this regard, an extended 

energy consumption model is proposed, where energy 

consumed by all the production processes of a network 

element, also referred as embodied energy, is taken into 

consideration [15]. 

Once a comprehensive energy model is defined, the 

metrics to evaluate the energy efficiency by the research 

communities are presented. The energy efficiency metrics 

can be categorized into three main classes: facility-level 

metrics, equipment-level metrics and network-level 

metrics [16–18]. Then the trade-off between energy and 

other costs is discussed from a variety of perspectives 

because energy efficiency can only be achieved by 

spending more on the other “costs,” which can be 

spectrum efficiency, deployment efficiency and so on.  

For wireless networks, today’s existing various 

established and emerging system capabilities (features) 

towards green communications can be generally classified 

into three different elemental areas: 

A. Radio Component Level. 
A network node, such as a base station, comprises lots 

of sub-systems including radio unit, antennas, main power 

supply, baseband processing unit and cooling equipment. 

Solutions for reducing energy consumption of radio 

components exploit the potential of adapting to the load 

situations. In medium or low traffic load, some of the 

components can be deactivated, such as radio unit and 

power amplifier and some components can apply power 

scaling enablers to scale their power consumption 

according to the traffic load [19]. Other potential energy 

efficiency improving methods include reconfigurable 

antennas, where the antenna parameters are adaptive 

specifically according to spatial changes in traffic situation 

and changes in traffic load, and low loss antennas, where 

new foam substrate is used to improve the energy 

efficiency of the printed antenna structure [20]. 

Furthermore, antenna muting in smart MIMO systems, 

where the number of active antennas is adaptive by 

switching on antennas only when motivated by traffic 

load, is able to reduce energy consumption. Discontinuous 

transmission in time domain in radio part of a transmitter 

is also an enabler for energy efficiency improvement when 

there is not data to transmit [21]. 

B. Network Elements Level.  
For each network element, the ability of sensing its 

environment gives the possibility of controlling the 

transmitting power, obtaining better management of 

interference. Recent research in cognitive radio exploits 

this possibility and addresses the potential of delivering 

green network nodes. A cognitive radio node exploits and 

uses the free spectrum available and power efficient 

modulation whenever possible. By doing this, power 

efficiency can be improved with little or no compromise 

on data rate [22]-[23]. In addition, the ability of 

dynamically adapting its resource usage according to the 

traffic level allows to reduce the energy consumption. 

C. System Architecture Level.  
Recent research on energy-aware system topology 

models and approaches for cellular networks focuses on 

two aspects: management issues such as switching on and 

off network elements based on the variation of traffic and 

radio planning issues such as deployment strategies and 

heterogeneous networks. Green Communications 

implements distributed and centralized algorithms, and 

network virtualization. Distributed algorithms allow for 

network management in different nodes so that each 

individual node is capable of taking a decision alone to 

reduce its energy consumption without degrading network 

performance. Centralized algorithms enable the operations 

and maintenance (O & M) to supervise and control 

network elements. Virtualization offers the possibility to 

share the same physical hardware to multiple instances of 

network services [24]. 

Heterogeneous networks (HetNets) are also proposed as 

a solution to improve overall energy efficiency, especially 

for cellular networks, where a mixture of Macro cells and 

small but agile cells is deployed [25]. In addition, the 

network management feature, i.e. node-
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activation/deactivation, has been proposed in order to 

improve energy efficiency. Recent advances in the area of 

self-organized network (SON) reveals its potential to 

provide higher performance but also more efficient O&M 

[26]. SON offers main features such as self-configuration, 

self-optimization and self-healing and is part of the move 

to the next-generation of radio technology, aiming to 

leapfrog to a higher level of automated operation in mobile 

networks. It adapts itself to the fast-changing traffic 

pattern in cellular networks and quickly and autonomously 

optimizes itself to sustain both network quality and a 

satisfying user experience. 

 

IV. CONCLUSION 
 

In this research work, it is obvious that if green 

communication technology is properly implemented in 

GSM it will go a long way to not only solve the problem 

of greenhouse effect on the environment but will lead to 

maximum reduction of energy expenditure and 

maintaining profitability in GSM operation. 

These aforementioned green communication 

solutions/enablers can be regarded as a toolbox, meaning 

that it is unnecessary to apply all of them simultaneously 

because they are targeting various application scenarios. 

Actually, some of the solutions are not compatible with 

each other, thus cannot be employed at the same time. An 

integration of a carefully chosen subset of available 

solutions should be tailored based on applicable scenarios 

to achieve maximum reduction of energy expenditure.  
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