Advances in Wireless Communications and Networks
2015; 1(1): 1-5
Published online May 8, 2015 (http://www.sciencepublishinggroup.com/j/awcn)
doi: 10.11648/j.awcn.20150101.11

Towards Green Communıcatıons
Korhan Cengiz
Electrical-Electronics Engineering Department, Trakya University, Edirne, Turkey

Email address:
korhancengiz@trakya.edu.tr

To cite this article:
Korhan Cengiz. Towards Green Communıcatıons. Advances in Wireless Communications and Networks. Vol. 1, No. 1, 2015, pp. 1-5.
doi: 10.11648/j.awcn.20150101.11

Abstract: This paper aims to summarize the global carbon dioxide emissions of ICT and electricity consumption of ICT
fields in recent years. In this paper, some useful solutions to these problems are also discussed. The green networking idea is
explained and recent greening solutions are also mentioned.
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1. Introductıon
Information Communication Technology (ICT) has
become an integral lifestyle commodity for many people
around the world. ICTs have played a central role in bringing
people of the globe together. People and the companies has
become dependent on the ICT for several purposes such as ecommerce, online banking, home shopping and instant
access to music, books and videos which may be thousands
of kilometers away from their source. ICT accounts for

approximately 2% of global CO2 emissions. It appears that
the time has come to start actively managing the energy
usage growth rates down. Therefore the CO2 emissions and
the energy consumption of the ICT should be explored and
the more energy efficient solutions should be created.
Figure 1 [1], illustrates how the different ICT fields
contribute to global carbon dioxide emissions.

Figure 1. ICT fields’ global CO2 emissions.

In Figure 2 [2], the use phase electricity consumption for a
number of ICT services is given. The collective electricity
consumption of communication networks, data centers and
personal computers is growing at a rate of 6.6% per year.

Together these ICT products and services consumed about
930 TWh in 2012. If this energy was generated as nuclear
power, it would require over 100 nuclear reactors (assuming
one nuclear reactor produces 1 GW of electricity).
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Figure 2. Worldwide use phase electricity consumption of communication networks, personal computer and data centers.

For understanding the energy consumption of the ICT
more clearly, there is an another striking example from China.
In China, production consumes 2.4 GJ energy in a year, one
year world PC usage consumes 0.8 GJ energy [3].
As an another implication, It is estimated that the electric
power consumption of 1.5 billion computers in the world is
about 10% of global consumption [4].
According to the Alcatel – Lucent in [5], The network
component of ICT represents approximately 250-300 million
tons of carbon emissions. This is equivalent to 50 million
automobiles or 20% of the cars in the US.
According to a report by CNN [6], more power is pumped
into the maintenance of the Internet than the global
automative industry. Thus, Internet uses more electrical

power than the entire automative industry’s production of
cars and trucks combined.
If Internet was a country, it would rank fifth in the world
for the amount of energy consumption and carbon dioxide
emission. Another study by Greenpeace states that the
Internet consumes more power than Russia. Greenpeace
estimates that when functioning at full capacity, Google’s
eight server farms could use up to 476 megawatts of
electricity, enough energy to power all of San Diego [6].
[7] investigates the power consumption of ICT. Figure 3
illustrates the power consumption of the wired and wireless
access network technologies per user as a function of the
access rate and year.

Figure 3. Power consumption per user for several access network technologies for a range of access rates.

According to Figure 3 [7], Wireless-based (WiMAX,
3G/UMTS) access networks are the most power demanding
technologies and the power consumption per user increases
rapidly. For example, in 2010 while the power per user for
WiMAX was about 8 W, it will be tripled to 24 W by 2014.

A fully loaded core router consumes approximately 10 nJ
for each bit when it processes IP packets. In a typical core
router, most power is consumed for the Power Supply and
Cooling and Forwarding Engine subsytems. These two
subsystems account for 2/3 of the total power consumption.
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The Switching Fabric, Control Plane, Input/Output Cards and
Buffers are responsible for 1/3 of the total power
consumption [7].
Today, the green communications concept focuses mainly
on developing energy – efficient communication techniques
for networks. In general, there are three main approaches are
suggested for power management in communication
networks.
1- Do less work.
2- Reduce operating speed.
3- Turn off idle elements.

2. Protocol Stack
To achieve the goal of energy efficiency, the research must
focus on decreasing the amount of energy consumed by the
network nodes. Unfortunately, most of the energy savings at
the physical layer has already been achieved. Therefore the
key to the energy conservation in ICT industry lies within the
higher levels of the protocol stack. Various research efforts
are being conducted at the data link, network, transport,
OS/middleware and application protocol layers to address
energy efficiency issues for communication networks.
In the media Access control layer, avoiding or eliminating
collisions as much as possible within the MAC sublayer can
result in significant energy savings as collisions result in
retransmissions. The Energy Conserving Medium Access
Control (EC–MAC) protocol [11] avoids collisions by
broadcasting a schedule that contains data transmission
starting times for each mobile node. The EC–MAC studies
use fixed length frames. Fixed length frames are more
desirable from the energy efficiency perspective; however,
variable length frames are better for meeting the demands of
the bursty traffic. The energy efficiency of EC–MAC is
compared with IEEE 802.11 and other MAC protocols in
[11]. While the EC–MAC protocol is designed primarily for
infrastructure networks, the Power Aware Multi Access
(PAMAS) [12] protocol is designed for ad hoc networks.
PAMAS protocol turns off the transceiver whenever the node
determines that it will not be receiving data for a certain
period of time. The usage of separate control channel allows
for mobiles to determine when and for how long to power off.
The results from simulation and analysis show that
depending on the topology of the network 10% to 70%
power savings can be achieved for fully connected topologies.
In the media Access control layer, handling channel Access
with minimum energy consumption is still an open problem.
Routing and congestion control is some of the major
responsibilities of the network layer of the protocol stack.
Energy efficient routing cannot easily be applied to
infrastructure networks because all traffic is routed through
the base station. In [13], routing of unicast traffic is
addressed with respect to battery power consumption. The
authors’ research focuses on designing a protocol to reduce
energy consumption and to increase the lifetime of each
mobile. The premise behind this approach is that although
packets may be routed through longer paths, the path may
contain mobiles that have greater amounts of energy reserves.
Also, energy can be conserved by routing traffic through
lightly loaded nodes because the energy expended in
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contention and retransmission is minimized.
The above approach of routing in wireless ad hoc
networks requires, at the very least, that every node should
have knowledge of the locations of every other node and the
links between them. This creates significant communication
overhead and an increase in the network delay. Research
presented in [14] addresses this issue by proposing localized
routing algorithms which depend only on information about
the source location, the location of neighbors, and location of
the destination. This information is collected through GPS
receivers which are included within each mobile. As a result,
excessive network communication is not required but extra
energy is consumed by the GPS units.
The broadcast technique used in traditional networks is a
simple flooding algorithm. For broadcast traffic, within a
single transmission, a node is able to transmit a packet to all
immediate neighbors. However, receiving a packet only once
is sufficient for a node. [15] addresses the routing of
broadcast traffic in terms of power consumption. The key
idea in conserving energy is to allow each node’s radio to
turn off after receiving a packet if its neighbors have already
received a copy of the packet.
The construction of energy efficient broadcast and
multicast trees for the wireless environment is studied in [16].
The authors state that nodes may experience greater energy
conservation, if routing decisions are combined with
decisions concerning transmission power levels. An
algorithm is presented for determining the minimum-energy
source based tree for each broadcast / multicast session
request. A similar idea concerning the incorporation of
transmission power levels into routing algorithms is also
presented for unicast traffic in [17]. In the network layer
open issues include path determination, logical addressing,
and choosing the optimal path when the physical layer is
operating at the minimum energy limit.
There are also various studies in the transport layer. In [18]
the energy efficiency of TCP is discussed. Results of this
study show that error correction significantly affects the
energy performance of TCP and that congestion control
algorithms of TCP actually allow for greater energy savings
by backing off and waiting during error bursts. Simulation
results presented in [19] point out that TCP probing achieves
higher throughput values while spending less energy. An
experimental transport protocol, called Wave and Wait
protocol (WWP) [20], is developed specifically for a wireless
environment with limited power.
Conserving energy in the application layer has also been
considered. The summary of software strategies for energy
efficiency is presented in [6]. In [21, 22] APIs such as
Advanced Configuration and power interface and power
management analysis tools such as power monitor is
developed to assist software developers in creating programs
that are power conserving. PowerScope [23] is a power
management tool developed at the Carnegie Mellon
University. PowerScope maps energy consumption to
program structure, producing a profile of energy usage by
process and procedure. The authors report a 46 % reduction
in energy consumption of an adaptive video playing
application by taking advantages of the information provided
by PowerScope. [24] considers the impact of energy
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efficiency on database systems. Energy efficiency in database
design by minimizing power consumed per transaction
through embedded indexing has been addressed in this study.
[25] discusses energy efficient query optimization for a
database system. In [26], research on processing encoded
video for transmission under low battery power conditions is
presented. The basic idea of this work is to decrease the
number of bits transmitted over the wireless link in response
to low-power situations. Decreasing the number of
transmitted bits reduces the energy consumption due to
reduced transmitter usage.
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