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Abstract
This paper presents the concept of green teleconeation network, and provides information about ttegbon footprint within the
fixed-line and wireless communication network. étisa is devoted to describe the method with ammgta to calculate the carbon
footprint of telecom network using Green Teleconyektad Framework. This framework aids in bridging tbhasm between
managing and mitigating the concentration of Grétwuse Gases (GHG). The aim is to introduce the ee&adl the present green
telecommunication, and outline the necessity ofggnefficiency in Information and Communication feclogy (ICT). This paper
provides a comprehensive reference for growing lidsesearchers who will work on the energy efficie of telecom network in

near future.

Index Terms. Green Telecom, Carbon Footprint, Layered Frameward Green Network
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1. INTRODUCTION

Of late, the rise in the world's surface tempertas become
a matter of global concern, and is now compreheradedne
of the vital challenges confronting humanity. Deieating
natural resources, environment and climate charigase

become an important concern to the world [1]. With

advancing technologies, the world's need for therggnbased
solution increases, and due to the non-availabalftefficient
alternatives to fossil fuel energy sources, gldieahperature
has risen and is expected to rise from’ €40 5.8 C, with a
doubling of CO2 concentrations over next 40 to y€érs [2].

With far and wide acceptance of ICT in each andyeaspect
of our society, it is believed to have an Eco-Fdigror Green
image. This stature emanates from the fact thatmbdern

telecom is transforming our society by providingvel and
transport substitution. For instance: video confeieg,

teleconferencing etc., on-line delivery, and otbleannels of
reducing the human impacts on the environment. usirt
meeting that includes audio and video conferenginigeu of

travel could reduce CO2 emission by around 24 omilionnes
per year [3].

ICT usage has grown at an almost exponential ratédwide

[4]. By 2015, the down-link traffic from cellularaindsets is
expected to grow more than eight folds, rising frd&i@

Megabytes per month to 455 Megabytes per montrBgthe

year 2020, nearly 80 % are projected to own mopiiene,
and one in 20 households to have broadband coonedb].

In recent years, the ever-increasing demands
telecommunication services, has not only grown ¢hergy

consumption significantly and poses an environnienta

challenge in terms of larger carbon emission faotpof the
telecommunication industry, but also presses tabteco
operators and vendors to spend less on energy snact
more efficiency out of their systems. Consequerttjecom
vendors will need to take subtle decision of invesmillions

in new energy optimization technologies and offgranough
innovations to satisfy not only their customerst &lso their
own bottom line [8].

From the global outlook, compared with coal, irord asteel,
non-ferrous metal industries, the telecommunicatiaustry
is not the most prominent industry of energy congtion [1].
Albeit telecom is comparatively energy lean, théedem
networks are still driven largely by fossil fuel ezgy;
therefore, the energy cost represents a signifiGperating
Expenditure (OPEX) item. In some telecommunication
markets, energy costs account for as much as halfmobile
operator operating expenses [9].

As of now, in telecommunication industry, technatad
developments were acted predominantly on meetinglitu
of Service (QoS) and capacity demands of the cumtom
Every year around 12,000 new base stations areoykpl
serving approximately 400 million new mobile sulisers
around the world [7]. This growing infrastructureqjuires an
increasing amount of electricity to power it, whicttreases
the energy consumption base of the telecom induktence,
energy consumption of telecom network calls intesjions,
and it is indispensable to develop energy-efficiegiecom
solution.
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Fig. 1 Represents carbon footprint of ICT (in million tas) from the year 2000 to year 2020, and expeaxszbn emission from the
different components of ICT for the year 2020 (iitlion tonnes)

The rest of the paper is organized as follows. iBectl
outlines the carbon emission footprint and energy
consumption trend in ICT. Section Ill provides tHetailed
description of Green Telecom Layered FrameworKifading

the carbon footprint of telecom network. Last smtti
concludes the paper outlining the possible futussearch
topics.

2. CARBON EMISSION
CONSUMPTION OF ICT

With emerging new applications and technologiesl k&n
enact both positive and negative roles. Thus, éhationship
between ICT and the environment is complex and
multifaceted [10]. The time, space, material, amkergy
needed to provide ICT services have decreasedrbg tirders

of magnitude since the first PC was sold [11]. Heave to
cater the meteoric growth in voice and data compatitin
usage, large volume of telecom equipment will qurgito be
deployed both in the access network and the cdreonie

AND ENERGY

It is believed that continued improvements in egerg
efficiency technologies will reduce the energy aongtion
and provide a competitive advantage [12]. But dueo t
increase in the stock of ICT appliances and network
infrastructure to provide the uninterrupted servi@d*7, the
carbon emission footprint of telecom sector haserris
significantly and will rise despite the developmenhtenergy-
efficient technologies [13].

It is estimated that ICT sector worldwide is resgible for
around 1% of the global CO2 emission [14]. The dloin the
global telecommunication carbon emission has risam 150
million tonnes of CO2 equivalents in 2002 to 300liom
tonnes of CO2 equivalents in 2007, and is expetieach
349 million tonnes of CO2 equivalents by 2020 [&5]shown
in Fig. 1. This comprises the impact of personahpaters,
servers, cooling equipment, fixed and mobile tetewh
equipment, network infrastructure, LAN, and office
communications etc.

The aforementioned components of ICT and theirrdoution
of carbon footprint in ICT sector are shown in RBigBy 2020,
ICT is expected to account for around 2% of thégla@arbon
emission. According to the recent trends in up-eoighing
applications and technologies, the number of fiked-
narrowband, and voice telephony accounts is exgette
remain fairly constant overall, but the number afdulband as
well as mobile accounts is expected to grow moaa tiouble
during this period [15].

The foremost share of the CO2 emission in the ICT
infrastructure is during the actual use of the mekw
equipment and devices. In the telecommunicatiowaowd, the
components that contribute to carbon emission fadtp
includes the Radio Access Network (RAN), fixed-line
network, the Core network, aggregator, transmissigstem,
and Fiber to the network (mainly in Access netwartc).

The distribution of power consumption across théwnek
components is shown in Fig. 3. Among the componeiits
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mobile network, the Base Transceiver System (BTiBhea
consume around 59% of the power in the network]enthie
Mobile Switching Center (MSC) constitute around 2a%d
the core transmission around 18% [15].

SERVERS 23%
FIXED LINE NETWORK 15%
PC & DESKTOP 0%
WIRELESS NETWORK 9%
LAN 7%
PRINTER 6%
o % 20x sw am so%

Fig.2 Contribution of different components of ICT to the
carbon emission

Among the network components, in RAN: BTS alone
consumes around 59% of power, and in Core: arodf &f
power is consumed by MSC and around 18% by core
transmission.

The predominant reason for the increase in the ocarb
footprint of the telecom infrastructure would be edto
increase in the number of BTS, Base Station Cdetr{BSC),
and MSC. The growth is not only due to the increiasthe
telecom infrastructure or number of broadband arabila
accounts, but also because of emerging new applisatike
sharing of videos, gaming, and other peer to pesmtent
exchange [5]. Emerging markets offer vast growtieptal
for the telecom industry. A large global mobile ketrmeans
more people connecting with each other, more btat@iss
for vendor to deploy and maintain [10].

AGGREGATOR,
5%

FTTx, 5%
TRANSMISSION,
12%

CORE, 9%

RAN, 51%

FIXED LINE
TELECOM, 18%

Fig.3 Distribution of power consumption across different
components of telecommunication network

3. MEHOD TO CALCULATE CARBON
FOOTPRINT OF TELECOMMUNICATION
NETWORK

Green telecommunication is much discussed topicthim
telecom industry and beyond. But still there aré exough
definitions available that have made it difficult gauge the
effectiveness or the extent of its implementatiBaery now
and then, optimizing energy consumption in one pdria
network can increase the power consumption andadeghe
performance in another part of the network [16].

Managing a network effectively and operating itangreen
manner is a complex task to perform. Therefore,téhecom
industry has realized that the next phase of i@wgr is
dependent on innovation in green technologies,thed have
also recognized that, there is a very close prdyifétween
energy saving and money. The combination of rigngrgy
costs and our avid inclination for connectivity adata will
lead to significant environment impact unless assied by a
unified strategy [17]. This is inspiring the netkavperators
and business entities to pay more attention tor teeergy
consumption and finally works towards its reduction

3.1 Green Telecom Layered Framework

A Green Telecom Layered Framework takes a holstw of
telecom network architecture. It is divided intaet levels:
Network Component, Transmission Technology, andvdek
Equipment as shown in Fig. 4.

The first level is the Network Component. It canlreadly
divided into two network domains: Core Network ahctess
Network.

A Core Network is the central part of the telecomination
network that provides various services to custonasaig end
users. The core network generally refers to thekliame
infrastructure of the telecom network which interoects
larger cities, and spans nationwide, and evendatginental
distances [18]. The core network is typically baseda mesh
topology and carries huge amount of traffic.

An Access Network is the part of a telecom netwatkich
connects subscribers to their immediate serviceigeos and
to the core network. The access network is thet‘Mike” of

a telecom network connecting the telecom Centrdic®f
(CO) with the end users [18]. It comprises the maart of
the telecommunication network. It is also a majmmsumer of
energy due to the presence of a huge number ofeacti
elements [19].

The second level is the Transmission Technologye Th
transmission technologies in core as well as acnessork
are widely used to support the basic physical stftecture. It

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org

427




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

is deployed for achieving high speed, high capaciyd

scalability etc. [18]. For instance: Synchronous ti€yb

Network (SONET)/ Synchronous Digital Hierarchy (SpH
Wavelength Division Multiplexing (WDM), Time Divien

Multiplexing (TDM) or Asynchronous TransmissiorMode

(ATM) etc. The aforementioned transmission techgiae

have been deployed over the past two decades [21].

[ Network Component J

Transmission Technolaog

[ Network Equipment J

Fig.4 Green Telecom Layered Framework: three layer
architecture namely Network Component, Transmission
Technology and Network Equipment

The final level of Green Telecom Layered Framew@@k
defined by the term Network Equipment. The network
equipment level i.e. the telecom infrastructureelgeonsists
of both hardware and software elements, and ihésrhain
level at which the energy consumption of telecomicetion
network is investigated.

Consider an IP over WDM as an example as showngn5-
The WDM is the transport technology which multigex
optical carrier signals onto single optical cabfe.WDM
transport system uses a multiplexer at the tramsmind for
combining several optical carrier signals on onanciel and
de-multiplexer at the receiver end for separatimgnt apart.
The preamplifier and the power booster are used for
amplifying the power of the optical signals so adricrease
the sensitivity of the receiver and to compenshte ggower
loss respectively.

Energy consumption of WDM transport network compuse
can be found in switching level and also in trarssion level.

In switching level, the principal components thamnsume
energy are Digital Cross Connect (DXC), routerswitches,

and Optical Cross Connect (OXC). In transmissiorellethe

components which are the main consumer of energyisoof

multiplexer, de-multiplexer, transponder, pre-aifgij and

power boosters [18].

3.2 Carbon
Telecommunication Networ k

Footprint Calculation for

The measurement is the only step that bridges ttesno
between manage and mitigation. But the problem \liik
first step is that, in many cases proper methochtoulate the
carbon emission from telecom network does not &xist
Even if organizations are unable to directly meastireir
telecom carbon emission and power consumption, Hrey
often aware that it is too high and should be ladeif
possible [22]. Therefore, choosing the right metiiogy to
measure the carbon footprint of the telecom netvi®iditical
in ensuring that green telecom projects are sufidesser
time.

The carbon footprint of the network equipment, tistthe
telecom infrastructure is calculated based on thergy
consumption at both, the network component layeat toe
transmission technology layer. The carbon footprint
calculation can be divided into two parts dependipgn the
operation of the telecom network equipment: usingd G
Power and using Diesel Generator (DG) Set.

3.2.1 Using Grid Power

PTE is the total power consumption of the netwdement
including the power required for fan and other oupl
equipment etc. (in kilowatt). PCO is the power rexbdor
compensating the heat produced during the actueahtipn of
the network equipment (in kilowatt) and PNE is tperating
power of the network equipment (in kilowatt) givey the
formula [23].

Frg =Fyg + Fp
Pyg = (0.35 = Pyay ) + (0.40 = Fyyg ) +(0.25 * Pyzzp ) [23]

Where PMAX is the maximum power of the equipment (i
kilowatt), PAVG is its average operating power Kitowatt)
and PSLEEP is its power rating when operating eéegimode
(in kilowatt). The operation of the ICT equipmestdt room
temperature (via forced cooling).

The carbon emission EG (in tonnes per year) duthmy
operation of network element using the power geedrifom
the grid is given by

Ep = 0365 % Ppg* Enpy ¥ H, 1)
Where ECO2 is the carbon emission factor (in kéogrper

kilowatt hour) and HG is the average number of hour
network element is operated using grid power pgr da
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Fig. 5 Telecom network hierarchy

3.2.2 Using Diesel Generator Set

In remote regions, where grid power is availablly dor few
hours in a day, vendors often rely on inefficieriesel
generators, which will significantly grow the carbfootprint
of telecommunication sector.

The energy density of diesel is 45.64 Megajouleskpegram
or 38.6 Megajoules per liter [24], which means 1Kildwatt
hour of power is generated per liter of diesel. Qiter of
diesel produces 2.629 kilogram of CO2 [24], themef®.2457
kilogram of CO2 is produced per kilowatt hour irediter.

Let PDG be the capacity of DG set (in kilovolt amg)ehaving

the power factor otp used for HDG average numbers of hours
network element is operated using DG set per dag.carbon
emission EDG (in tonnes per year) during the opmraof
network element using the power generated fromDiBesets

is given by

Table 1 & 2 represent carbon emission calculationcore
network in rural and urban area using method desdri
above.

Table-1 Carbon emission calculation for core network iraku
area

RURAL

Carbon Emission Calculation (GRID Power)
Avg. Power| Avg.

Consumption| Grid Car_bo_n Emission
Emission -
of Network| Power (in
Factor
Element Supply (Kg/KWH) tonnes)
(KW) (hours)| "9 Total
1.76 13 0.523 4.3677 | S2bon
Emission

Carbon Emission Calculation (DG Set Power)] (in
AV tonnes)
0.08%968Pno*=0=N=Hpg g. )
Epe = , DG Liters  of -
DG Set . Emission
N (2) Capacit Set Diesel (in
K\?A y Power | Consumed tonnes
Where N is amount of diesel (in liter) consumeddsy set in (KVA) Supply | (per hour) )
one hour ang is the efficiency of the DG set. (hours)
Carbon emission ET (in tonnes per vyear) of the 15 11 2.5 29.634 34.0017
telecommunication network equipment can be caledldiy
adding (1) and (2),
Er =E; + Epz
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Table-2 Carbon emission calculation for core network in

urban area
URBAN
Carbon Emission Calculation (GRID Power)
Avg. Power| Avg.
Consumption| Grid Car_bo_n Emission
Emission -
of Network] Power (in
Element Supply Factor tonnes)
(KW) (hours) (Kg/KWH) Total
3.125 21 0.84 20.12 | Carbon
Emission
Carbon Emission Calculation (DG Set Power)| (in
AV, tonnes)
DG Set DG Llpers of Emission
. Set Diesel :
Capacity (in
(KVA) Power | Consumed tonnes)
Supply | (per hour)
(hours)
15 3 25 8.082 28.202

CONCLUSIONS

The contemporary scenario is exceedingly demanding
challenging, and the world's
computation, data storage, and communication iseonaaring
the rapid growth in the telecommunication, and netfying
the emission associated with enhancing technologies

As mobile operators and vendors are making evefortetfo

extend their network beyond the reach of powergyritiey
need to find the alternatives to non-renewable gnsources
such as diesel, which is widely used today to potier
telecommunication network. However, due to lackenbugh
definitions it seems to be difficult for translaimhis progress
into the progress of sustainable development.

The Green Telecom Layered Framework gives insight i
different layers of telecom network for calculatitige carbon
footprint emission depending upon the energy comgiam at

the telecom infrastructure level. Measuring the boar
footprint effectively should be the first prioritpr business
entities, which paves way for managing the netwbsk

reducing the amount of energy required for systeropterate
without compromising the capabilities. And thennthiabout
the alternative energy options to minimize the allezarbon

footprint of the system.
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