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Abstract— The explosion of the Internet traffic volume
resulting from both the worldwide broadband subscriber base
extension and the increasing number and diversity of available
applications and services require a relentless deployment of new
technologies and infrastructures to deliver the expected user-
experience. At the same time, it also raises the issue of the energy
consumption and energy cost of the Internet and more generally
of the Information and Communication Technologies (ICT). The
energy consumption is becoming one of the key challenges for the
ICT industry and it is only expected to grow in importance. In
order to deploy and support future data communication
networks in an economic and sustainable way, service and
content providers need to address the energy consumption of
their networks as one of their top priorities.

In this article we provide some key numbers on the ICT
energy consumption and the energy hot spots in the Internet. We
then describe an online tool designed by Bell Labs to help the
ICT industry and its associated stakeholders fully understand the
energy challenges and the opportunities from new technology
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manufacturers, etc.) need to control their operational
expenditure. In particular they need to control and limit the
increasing percentage of their operational expenses attributed
to the energy consumption.

II. THEENERGYCHALLENGE

The global energy consumption of ICT (including
operators’ networks, devices, customer's equipment, data
centers etc.) has grown significantly during the last years. In
2012, the energy consumed was about 900 TWh [1]. The
network energy bill can represent about 10-15% of the
operational expense of telecommunication service providers in
mature markets and even up to 50% in some developing
markets [8], [9] and [10]. In the mature markets, the Internet
made up close to 10% of the region’s overall electricity
consumption in  2013. In some countries, the
telecommunications operators are the largest consumers of
electricity with overall energy bills of several hundred million

evolutions: G.W.A.T.T. (Global ‘What if' Analyzer of NeTwork dollars and Euros.
Energy ConsumpTion) is publicly available at http:/gwatt.net/.

Finally we share some insights on promising research results that
can strongly improve the effectiveness of the most energy

voracious domains of ICT.

The average annual power consumed by ICT reached 122
GW in 2013 (or the equivalent of 117 standard nuclear
reactors). Let us now see how these 122 GW are distributed.
The devices (PCs, printers, smart and regular phones, tablets,
etc.) consumed about 39 GW with the largest amount by far
being consumed by personal computers (36.9 GW). Smart
phones and mobile phones on the other hand consume 0.6 GW
each, whereas printers represent 0.9 GW and tablets 0.2 GW.
) ) ] __ Since tablets and smart phones are more energy efficient than

The rapid adoption of smart phones and tablets is drivingaptops and desktops and since they will be even more widely
up d.a.||y. ||"]ternet traffic dl’amatlcally, and forecasts |nd|Cathsed in the future (as rep|acements of |apt0ps and desktops),
that it will increase up to 85 times by 2017 compared to 201Qhe global devices electricity consumption is unlikely to grow
The Web population is expected to grow from 2.3 billion injn the coming years. This trend is expected despite the fact

2012 to 3.8 billion people by 2016, or half of the world’sthat there is a growing number of broadband connected users
population. By 2017 more than 5 trillion gigabytes of data willgng devices.

pass through the global communications network every year; ] ) )

this is the equivalent of everyone on the planet tweeting non- Looking at a total lifecycle analysis, up to 80% of the
stop for more than 100 years. Cloud services and applicatiof¥erall energy and carbon footprint of the end user devices is
provide users around the globe with on-demand computingelated to the manufacturing process and the so-called
storage, and software services that can be accessed from edded energy footprint. The actual power consumption of
location and any device. This dramatic traffic explosionthe devices is quite small (0.2GW for tablets and 0.6 GW for
especially from mobile devices, requires ever-increasingmart phones). Therefore, given the rapid replacement cycles
resources at the network infrastructure level as well as in tHef the mobile devices, the main sustainability challenge for the
data centers. According to several sources [6], the Internet, §evices is to find efficient manufacturing processes
it were a country, would be ranked as the sixth largest in ternigcorporating reuse and recycling of valuable natural
of its energy demand and the ICT sector as a whole would Bgsources. From a consumer perspective, battery lifetime is
ranked as the fifth largest. To be economically viable anglominating the user experience rather than the actual total
sustainable, the ICT stakeholders (telecommunicatio§lectricity consumption. Of course lower power devices along
operators, service providers, content providers, equipmel\ﬂ"th more powerful batteries will be able to extend the energy
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autonomy of the devices. Different solutions for powering theoverall operational expenses. They also have to cope with
devices are being studied, including the use of renewabkome technical challenges that have a direct impact on
energy sources and local energy harvesting, which look quitgetwork deployments and capital investments. These include
promising [2]. for example the heat dissipation and floor space required for
. . hosting a growing and energy consuming/dissipating
dep%r;/?ne%?uolg,th:?xg\r/r?gt Or}o'ﬁintg;]:t(loﬂ'l]'? m%i?'%%1Cﬁﬁ§nfrastructure. Thermal densities are starting to become

- . . ~limiting factors in the design, development and deployment of
percentage of the devices in the ICT energy foo’[prm?p{etwork equipment. In addition, the ongoing migration of

Nevertheless the current un(;ierstanding is that the IO.T Wit affic from fixed access networks to mobile access networks
rather impact the data traffic and related services in thﬁjrther compounds this challenge
i .

Internet and consequently the electricity consumption of th
Internet and networking infrastructure itself. According to an In developing markets that rely on increased
International Energy Agency report [14], by 2017 49% of IPbroadband access to sustain their economic development, the
traffic and 39% of consumer Internet traffic would originateissue is not only the electricity cost but also the access to
from non-PC networked-enabled devices. reliable and stable energy sources. Very often, such access
. cannot be guaranteed because of a poor or even a completely
Of the 122 GW of total ICT power, the remaining 83 GW gpsent power grid. A commonly used solution to provide
represent the share of the infrastructure equipment. This POWEhergy autonomous network elements (such as radio base
is distributed as follows: stations) relies on the extensive use of diesel generators. This
. 13.7 GW for the home and enterprise network solution, however, has several major drawbacks, including the
) ) cost of the diesel fuel, the degraded quality of service because
~*+ 21.6 GW for the access network including theof the poor reliability of diesel generators, the cost of logistics
wireless and fixed access network to refuel the sites, etc. Hybrid or solar / wind powered
. 43 GW for the service core and data center solutions are starting to be deployed. More wide-spread
deployment requires further improvements in the solar cell
* 47 GW for the metro, edge and core networkcost, higher density batteries and a reduced total cost of
domains. ownership of the system as well as more energy efficient
Metwork elements to make such solutions practical and

It is important to notice that the fastest growing domains i . ;
eeconomlcally viable at large scale.

terms of electricity consumption of the Internet infrastructur
are the mobile access and the data center domains. In contrastThe energy challenge has of course been recognized by the
to the end user devices, smart phones and tablets, theT sector for several years now and increasing attention has
electricity consumption during the use phase of theyeen paid to improve the energy efficiency of network
infrastructure equipment is the dominant factor (over 80%) ogéquipment. Generally, the energy efficiency of new releases of
the overall energy consumption. It is therefore evident that theetwork equipments has improved by 10% to 20% year over
major challenge with the largest immediate impact is thgear and continues to do so. New technologies are coming to
reduction of the in-use energy consumption of the equipmeninarket that are more energy efficient than previous
Other aspects such as manufacturing, deployment, removgénerations: for example LTE versus 2G or 3G, VDSL2
and recycling remain important nevertheless, but we havgersus ADSL, latest GPON technologies.

chosen to focus on the dominant component at this time. . )
Although this puts ICT among the fastest evolving

The energy challenge for ICT can only become moreechnology sectors, an even greater energy efficiency
stringent in the coming years if no specific action is taken. Agmprovement rate is needed to keep pace with the data traffic
put in evidence by the Global e-Sustainability Initiative (GeSl)explosion. This challenge has triggered the creation of
in its SMARTer 2020 and 2030 reports [3], the ICT can be aumerous research programs such as GreenTbuf4i,
dramatic enabling technology for other industries to reduc®pera-Netl & 2 [12, 13] or EARTH [5]. These programs aim
their Green House Gas (GHG) emission and increase theik finding disruptive solutions that go far beyond the business
energy efficiency. GeSl notably points out industrial sectorgis usual improvements such as the benefits from Moore’s law
such as transportation, energy production and distributiorfsee section 5). Results from the international research
smart buildings and cities together with agriculture and foogrograms quoted above are translated, among others, into the
distribution. GeSl estimates that the potential of CO2&vork of 3GPP to improve LTE networks and fully exploit
abatement is up to 9.1 gigatons in 2020, which represenghergy efficient solutions in the design of 5G networks. The
16.5% of the world emissions. Of course this implies that theverarching goal is for next generation networks to provide up
usage of ICT and IOT must be strongly developed ango 1000 times the current capacity, reduce latency to
generalized at a fast pace. This makes the optimization of thilliseconds and still keep the total energy consumption flat.
energy efficiency of ICT even more important. The issue of

network energy consumption is global and affects all service . G.W.AT.T.PRESENTATIONAND USE
providers, operators and content providers, albeit in possibly Lo
different ways and different levels of severity: In order to help the ICT community understand this

challenge and visualize the various ways of coping with it, the

y In mature _m_arkets, Service prov_|d_ers are mOStI.yG.W.A.T.T. tool shows a five year forecast of the network
concerned with the rising cost of their electricity bills and theif (¢ < <tire energy consumption using a wide variety of
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traffic growth scenarios and technology evolution choices. Using the tool, the user can play various scenarios and
G.W.A.T.T. has been developed by Nokia Bell Labs as aisualize their impact on the network power and energy
public mindsharing tool. G.W.A.T.T is available on theconsumption over the timeframe of interest (from 2013 to
Internet (http://gwatt.net) and is based on a model that us@919). For instance, the user can select the wireless radio
global statistical data on the Internet traffic and performanceaccess network domain and check the impact of a migration of
It provides an end-to-end view of how much power is usethe network to the Heterogeneous Network (HetNet)
each year and at each point and sub-domain in the netwotiechnology. The tool displays the overall power of the network
Thanks to G.W.A.T.T. the user quickly identifies ‘hot spots’(around 93GW) along with the savings generated in 2016 by
in the network where most of the energy is consumed and hotlie HetNet technology with respect to the 2G/3G baseline. In
this could be mitigated through technology evolutions to makéhis particular use case, the power savings are about 35 GW
the overall network more energy efficient. (on a worldwide basis).

Figure 1 shows the Network Model screen where the user One can also select a specific data or application traffic in
is able to pick and choose network domains and technologiesder to visualize its specific impact on the energy consumed.
and test their corresponding energy consumption. In the showiro that effect, G.W.A.T.T. provides the user with an
screenshot, G.W.A.T.T. displays the baseline data for thapplication mode as shown in Figure 2.
reference year of 2013. For each network domain (Home %
Enterprise, Access & Aggregation, Metro, Edge, Core an
Service Core and Data Centers), the technology sub-domaif# : e ——

are shown in the colored circles. By clicking on these coloreg
circles, the user is able to select different technologies and t< N

their impact. At the bottom of the screen, the results ar
displayed through bell curves with the colors matching thos
of the network domains above. In particular these bell curv
display respectively: -7
. The traffic data according to the user selectio =
(worldwide or regional) expressed in exabytes per month et
. The network efficiency expressed in megabits/JouIes_
in megawatts and

. The power savings when a new technology is
selected.

. . Fig. 2.Screenshot with the selection of the video traffic
The user can toggle between the different traffic,

efficiency, power and power savings views. In this case, the user is selecting the video application.
When applied, G.W.A.T.T then displays the corresponding

Newerk fodels Inastanrs data (traffic per network domains, efficiency, power consumed
by the video application worldwide). Through this selection
the user is able to compare the respective weights of various
traffic types. For instance, in 2014 the global Internet traffic is
939 exabytes per month (2000 in 2018) and the video traffic
represents 558 exabytes per month (1380 in 2018). This also
indicates why some network transformations such as virtual
video content delivery networks may have a huge impact in
terms of energy savings on the global network. In addition to
the video application, the user can also select online gaming,
consumer/business web browsing, file sharing or video
transmission.

G.W.AT.T. \visualizes the impact of SDN/NFV
transformations. Figure 3 illustrates the case to assess the
S— ; impact of a virtual Content Delivery Network (CDN)
e : architecture on the energy cost of the video application for the
North America Region. The video traffic data for the NAR
region has been selected and then the virtual CDN network

When a specific network sub-domain is selected, théransformation has been applied. The tool shows that this
display changes to focus on the specific sub-domain traffiayould result in energy savings of around 8 GW in 2018. The
energy efficiency and power data. It also provides the usetomains that appear in grey are impacted by the network
with a selection of technologies to test for their associatettansformation (metro, edge, core and data center). GW.A.T.T
energy consumption.

®,

<@
®

@

Fig. 1.Screenshot of G.W.A.T.T. Network Model in 2013, Traffic view

283



19th International ICIN Conference - Innovations in Clouds, Internet and Networks - March 1-3, 2016, Paris.

also computes the impact on the traffic flow through the V. HOWTOCOPEWITH THEENERGY
network resulting from the transformation. CHALLENGES

VIRTUAL VIDEO CON NETWORK

o g oo dalron i it i o £ A GreenTouch™: an open research initiative

H fetro e ore er &
En

In this section we outline how it is possible to make ICT
more and more sustainable over the years despite an ever-
increasing traffic and usage demand. We first use the
GreenTouch” consortium (www.greentouch.org) as an
example.

oV ‘—0—<:>—<f% GreenTouch" was an open pre-competitive research
consortium launched by Bell Labs in 2010 with the focus to
dramatically improve network energy efficiency. Its objective
was to develop a portfolio of technologies, architectures and
solutions, and to demonstrate key contributing technologies, to
Py WA improve the energy efficiency of networks supporting 2020
Tonsae oorsa7es Taare Bigeos traffic volumes by a factor of 1000x with respect to the 2010
state of the art reference network. GreenT&tchrought
Fig. 3.Power savings on Video application generated by virual CON  together more than 50 members globally including service
providers, equipment manufacturers, research institutes and

IV. G.W.A.T.T.MODELING universities.

The final results were announced by the consortium in
GW.AT.T. are based on traffic forecasts and networRUn€ 2015 The results of the research study, called the “Green
modeling results coming from various sources: public dat eter” are publlshec_i In-a wh|t_e paper [11] baseq on
results from Bell Labs modeling and other independen reenTouch assumptions on traffic growth gnd modeling of
consortia including GreenTouchTM [4] and the Global o State of the art networks and future technologies. The research
Sustainability Initiative (GeSI) [3]. ;tudy conclu.ded that in a the;oretlcal network \{wthout practlcal
implementation constraints it would be possible to improve

G.W.AT.T is not indented to be a detailed networkthe energy efficiency in mobile networks by a factor 10,000x,
planning and dimensioning tool. We have instead adopted ia fixed access networks by a factor 254x and in core networks
statistical approach in order to provide an end-to-end view dfy a factor 316x. The energy improvements are not only the
the network infrastructure and its energy consumptiomesult of efficiency improvements of specific network
according to traffic forecast and averaged efficiency of theomponents but through a combination of improved network
network domains. In particular the energy efficiency andarchitectures, hardware improvements, wireless transmission
power consumption values used are industry averages atethnologies, efficient algorithms and control mechanisms and
generally representative of current technologies without beingptimized content distribution strategies, as well as business-
specific to any one particular vendor or service provideas-usual technology improvements, such as those derived from
network. Moore’s Law.

The energy consumption models and scenarios used |

It is of course understood that improving the energy
. . efficiency (in bits/Joule) doesn’t mean a corresponding

G.W.AT.Tis based on three models: reduction of the energy consumption for existing telecom

. A traffic data model. For each sub-domain of theservices. Indeed the traffic growth rates need to be taken into
network, we use a traffic volume expressed inaccountto determine the actual energy consumption.
exabytes/month.

. A network element efficiency model. An efficiency B. Other initiatives

expressed in megabits/joules is associated with each sub- It is well recognized, for example from the G.W.A.T.T
domain. application, that the largest energy hot spots are the radio
access networks and the data centers. Figure 4 shows the split
of power consumption (in GW) for the network infrastructures
orldwide in 2015. We see that out of a total of 108 GW, the
ata centers account for 43GW and the radio access networks
27 GW. In addition to being the largest consumers today,
data centers are predicted to be the fastest-growing ones as
well.

. From the traffic and efficiency data and the
underlying network model, G.W.A.T.T. computes the total
end-to-end network power (expressed in megawatts
consumption (in gigajoules), energy cost (in €, $ and ¥) an
greenhouse gas emissions (expressed in gigatons of C
equivalent).
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greenhouse gas emissions with the usage of renewable energy
sources.

mHome

M Business

w Radio Access

= Fixed Access

® MetroEdge and Core
Service Core

Data Centers

——

Fig. 4.Split of power consumption for the networks’ infrastructure

domains in 2016 Fig. 5.1000 times traffic by 2020 and zero emissions

OPERA-net [12], started in June 2008, was the first larger VI. CONCLUSIONAND NEXT STEPS

international project dealing specifically with mobile network . . ) i

energy efficiency. It finished in May 2011 and was followed OVver time, Nokia Bell Labs will continue to expand the

up by OPERA-net2 [13] and some of the main results werapabilities of G.W.AT.T., refining its modeling capabilities,

presented in a series of workshops [15]. The project address@dding new network scenarios and including future

both 3G and 4G wireless networks through a holistic approad§chnologies and architectures currently being investigated by

considering a complete end-to-end system, identifying afPell Labs Research. We have also partnered with the

relevant network elements and their interdependencies, afgreenToucH" consortium [4] to design a dedicated

deve|0p|ng |mprovements espec|a"y for energy and maten&WATT site that InCOI’pOI’ates the_cons_ortlum’s_ advanced

efficiency in the radio base station (BS). results. Finally we are actively engaging with service content
providers and operators to design dedicated versions of
G.W.A.T.T. that correspond to their specific data models and

The EARTH project [5] is another early example of anetwork efficiency data.

dedicated research effort to improve the energy efficiency of Nokia Bell Labs has designed G.W.A.T.T. as a mind
wireless communication networks. sharing tool to help the ICT stakeholders understand the key
energy challenges of ICT triggered by the data traffic
explosion. G.W.A.T.T. also measures how the deployment of
Finally the Nokia Technology Vision 2020 predicts flat current and future technologies positively impacts this energy
energy consumption for mobile radio networks for the next 5footprint. We regularly update the tool to reflect the latest state
10 years together with improved battery life. To achieve thisof the art in terms of traffic evolution forecast and networking
Nokia adopts a holistic end-to-end view of the mobileand communication technological advances. Bell Labs also
networks that includes: encourages partnerships with other actors of the ICT industry

. Base station energy efficiency: more efficient to further enrich the data models being used.
baseband processing and high-performance radio front end The results outlined in this paper clearly show that the ICT
amplifiers; industry can sustainably manage the increase of traffic and

. Site optimization: lower energy costs by eliminatingUS29€ that is forecasted for the coming years. At the same
cooling and feeder losses, and implementing more renewakji'e: With the appropriate investments in R&D, network
energy sources: upgrades_and planning, the communication networks can

flatten their absolute energy footprint in the next years. ICT is

. Network architecture evolution: improved resourceone of the few human activity domains that allow other
utilization and capacity increase through multi-radio,industries reducing their own energy impact while having both
densification, beam forming and distributed base stations strong growth and a flat energy footprint.

Capacity-driven network evolution increases resource

utilization avoiding idle network elements;

. Network management and control: teaching networks
to be energy aware with advanced dormancy concepts.

. Network modernization: modernization at the right
time to achieve optimum CAPEX and OPEX. The phase out
of legacy technologies can be justified by energy savings
alone.

As illustrated in Figure 5, the Nokia target is to support a
1000 times traffic growth by 2020 (with respect to 2010) with
flat network energy consumption. With electricity as the
energy source for telecom networks we can reach zero
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[3]

VII. LIST OFACRONYMS
ADSL: Asymmetric Digital Subscriber Line (4]
CDN: Content Delivery Network 5]
3GPP: 3rd Generation Partnership Project (6]

GHG: Green House Gas
GPON: Gigabit Passive Optical Network 7]
HetNet: Heterogeneous Network

IOT: Internet Of Things

LTE: Long Term Evolution or 4G (8]
NFV: Network functions virtualization

ICT: Information and Communication Technologies (9]
SDN: Software-defined networking [10]
VDSL: Very-high-bit-rate Digital Subscriber Line

[11]

Acknowledgment

The authors thank Hans-Otto Scheck from Nokia Bell;

Labs for his invaluable advices and comments. [13]

(1]
(2]

[14]
References

S. Lambert et al: “Worldwide electricity consumption of communication [15]
networks”, Optical Society of America, 2013.

Frank Schmidt, CTO of EnOcean: “How energy harvesting can make the
Internet of Things Happen”, IDTechEx, 2014,

286

GeSl.org, GeSl Smarter 2030 Report, 2015,
http://smarter2030.gesi.org/downloads/Full_report.pdf

GreenTouchTM: www.greentouch.org

EARTH Project, Energy Aware Radio and network technologies, FP7
project, 2012, https://www.ict-earth.eu/news/events.html#July2012
Greenpeace: “How dirty is your data? A Look at the Energy Choices
That Power Cloud Computing”, April, 2011.

CISCO, Visual Networking Index (VNI),
www.cisco.com/c/en/us/solutions/service-provider/visual-networking-
index-vni/index.html

The True Cost of Providing Energy to Telecom Towers in India, white
paper, Intelligent Energy, 2012.

Greening Telecoms: Pakistan and Afghanistan Market Analysis, GSMA,
Green Power for Mobile, 2013.

Archive  for category Mobile Telecoms, Dr Kim, in
http://techneconomyblog.com/category/mobile-telecoms/, 2014.
GreenTouchTM, «GreenMeter White Paper» 2015, Available:
http://www.greentouch.org/index.php?page=greentouch-green-meter-
research-study.

OPERA-net: https://www.celticplus.eu/project-operanet/#

OPERA-Net 2, http://projects.celticplus.eu/opera-net2/

More Data, Less Energy, IEA Report, Available
https://www.iea.org/publications/.../publication/MoreData_LessEnergy.p
df, 2013.

http://www.itc26.org/workshops/workshop-on-end-to-end-green-
cellular-networks/#c1719.



