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CEET researchers have shown that the Internet consumes about 1% of the world’s
electricity supply. This is approximately the same as the total electricity generating
capacity in Australia.
Fuelled by an ever-increasing range of applications and services, the quantity
of data per user on the Internet is growing at around 40% per annum.
In addition, the number of Internet users is rapidly growing as developing
nations embrace the Internet.
Recent calculations undertaken at CEET indicate that this rapid growth in the capacity and
reach of the Internet could result in the energy consumption of the Internet increasing to
5 - 10% of the world’s electricity supply by the year 2020 if we don’t act now.
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Mission: CEET provides
global leadership
to drive the creation
of energy-efficient
telecommunication
networks, by fostering
collaborative research,
education and innovation
from Victoria, Australia.
3 CEET ANNUAL REPORT 2010/2011
2011

4

CONTENTS

WELCOME
“CEET represents a highly valuable opportunity for
Victoria with the signiﬁcant step it takes toward green
telecommunications objectives.” ROD TUCKER, Director, CEET.

04
06
07
09
11
13
14
15
23
31
35
37
39
41
43
44

Mission
Welcome
At a Glance
Advisory Committee
Operations Committee
Alcatel-Lucent
Collaboration & Research
Research - Modelling Projects
Research - Transmission Projects
Research - Fundamentals Projects
GreenTouch
Publications
Events, Media, Awards & Visitors
The Team
Finance
Location

5 CEET ANNUAL REPORT 2011
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Welcome to the ﬁrst Annual Report
of the Centre for Energy-Efﬁcient
Telecommunications (CEET). Launched
in March 2011, CEET grew out of
pioneering research on the energy
consumption of telecommunications
in Bell Labs and the University of
Melbourne. Recognising the mutual
beneﬁts of a combined research effort
in this important area, Alcatel-Lucent,
the University of Melbourne, and the
State Government of Victoria moved
quickly to establish CEET and to build
what is already one of the world’s
leading research groups in energy
efﬁciency and telecommunications.
CEET’s vision is to drive research
and innovation in energy-efﬁcient
telecommunications for a
sustainable future.
In the six months since its launch, CEET
has attracted 10 new research staff
and PhD students. CEET is located in
the University of Melbourne’s School
of Engineering, and 12 staff from
the Departments of Electrical and
Electronic Engineering, Computer
Science and Software Engineering,
Finance and Physics, contribute to the
CEET research program. Bell Labs’
researchers from North America and
Korea visit CEET regularly.

CEET research activities are divided
into three programs: Modelling,
Transmission, and Fundamentals. A
total of 10 research projects cover a
variety of exciting topics ranging from
energy-efﬁcient cloud computing and
content distribution, through low-energy
access networks, low-energy video
coding, advanced optical modulation
formats, studies of fundamental
limitations on energy in computing and
communications, and an activity aimed
at developing an energy star rating for
Internet services.
This report summarises the CEET
research program and highlights the
momentum it has achieved in its ﬁrst
year of operation. This could not have
been achieved without the extraordinary
efforts of Bell Labs, Alcatel-Lucent
(Australia) and the University of
Melbourne staff who have worked
tirelessly to bring CEET to fruition, along
with the excellent team of researchers
that are already making a big impact.
Together, we look forward to growing
CEET and pursuing the goal of providing
global leadership to drive the creation
of energy-efﬁcient telecommunication
networks, by fostering collaborative
research, education and innovation from
Victoria Australia.
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AT A GLANCE
Values
Collaboration, Innovation, Integrity and Sustainability.

Structure
A partnership between the University of Melbourne,
Alcatel-Lucent’s research arm, Bell Labs, and the Victorian
State Government.

Vision
Research and innovations in energy-efﬁcient
telecommunications for a sustainable future.

Goal
With the exponential growth in Internet services, our goal
is to reduce the impact of telecommunications on the
environment, for future generations.
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ADVISORY COMMITTEE
The Advisory Committee is a non-executive body, comprising of four
members nominated by Alcatel-Lucent and four nominated by the University
of Melbourne. The chair of the Advisory Committee is Randy Giles.

The Advisory Committee is tasked with assisting CEET in achieving its
goals and to maximise its inﬂuence and impact, including nurturing
research collaborations between CEET and Bell Labs.

RANDY GILES is the executive director and president of Bell Labs Seoul, which is focused on
researching broadband services and its enabling technologies. Previously, he was the director of the
Optical Subsystems and Advanced Photonics department in Bell Labs at Alcatel-Lucent in New Jersey. As
a research director at Bell Labs, he led innovative programs in new optical network architectures, 100Gb/s
transport technology, optical signal processing, and projector technology for mobile multimedia devices.
DEBASIS MITRA is the Vice President of the Chief Scientist’s Ofﬁce of Bell Labs, Alcatel-Lucent.
Previously, he was Vice President of the Bell Labs Mathematical and Algorithmic Sciences Research
Center. He is responsible for global research partnerships and academic relations. He is a Bell Labs
Fellow, a IEEE Life Fellow and a member of the US National Academy of Engineering. RIC CLARK
was appointed Chief Technology Ofﬁcer of Alcatel-Lucent Australasia in January 2006, responsible for
the strategic marketing and development of product and services in the Australasian markets. He has
more than 30 years experience in telecommunications and holds a Bachelor’s Degree in Manufacturing
Engineering. He is currently acting Head of Marketing and Strategy for the APAC Region. SIMON
HARRISS is the Vice President of the Leighton Account at Alcatel-Lucent Australia. He has over 20
years experience in Management and IT consulting with a telecommunications focus. Simon holds a ﬁrst
class honours degree in Computing Science from Imperial College of Science, Technology and Medicine.

IVEN MAREELS is the Dean of the School of Engineering at the University of Melbourne. Since
1996, he has been a Professor of Electrical and Electronic Engineering at the University of Melbourne.
Previously he was a Reader at the Australian National University, a Lecturer at the University of Newcastle
and the University of Gent, Belgium. DOREEN THOMAS is a Professor and Head of the Department
of Mechanical Engineering and Associate Dean, Research, Melbourne School of Engineering at the
University of Melbourne. She is a Fellow of Engineers Australia and a Senior Member of IEEE. PETER
TAYLOR is a Professor of Operations Research at the University of Melbourne. He is also a chief
investigator of the ARC Centre of Excellence in the Mathematics and Statistics of Complex Systems
(MASCOS). He is a former director of the Teletrafﬁc Research Centre and Adstat Solutions at the
University of Adelaide. STAN SKAFIDAS is a Professor in Nanoelectronics and Deputy Head of
the Department of Electrical and Electronic Engineering at the University of Melbourne. Previously he
was the Chief Technology Ofﬁcer at Bandspeed, where he co-invented Adaptive Frequency Hopping
an important standard component in Bluetooth devices. THAS NIRMALATHAS is a Professor
and Head of the Department of Electrical and Electronic Engineering at the University of Melbourne. He
is also the Director of Melbourne Engineering Research Institute (MERIT).

Debasis Mitra (far left), Ric Clark (left), Randy Giles (right), Simon Harriss (far right)

Iven Mareels (far left), Thas Nirmalathas (left), Doreen Thomas (right), Stan Skaﬁdas (far right), Peter Taylor (not present).
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OPERATIONS COMMITTEE
The Operations Committee is a non-executive body comprising of four members
nominated by the University of Melbourne and four members nominated by
Alcatel-Lucent. The chair of the Operations Committee is Rod Tucker.

The role of the Operations Committee is to nurture research
collaborations between CEET and Bell Labs.

ROD TUCKER is a Laureate Professor at the University of Melbourne. He is Director of CEET and is

MICKEY VUCIC is a Principal Architect at Alcatel-Lucent in Sydney Australia. A key part of his role
has been developing end-to-end architectures with key customers spanning all major Carrier business
units, and applying his intrinsic understanding of existing customer networks and future needs. He has
over 20 years experience in telecommunications. He holds 3 patents and was the ﬁrst Australian to be
named a Bell Labs Fellow. PETER VETTER is the Department Director for Access Solutions in Bell
Labs Murray Hill. He received the degree of Physics Engineer from Gent University, Belgium and a PhD in
1991. After a post-doctoral fellowship at Tohoku University, Japan, he joined the research centre of Alcatel
(now Alcatel-Lucent) in Antwerp in 1993. He currently leads research on optical access, next generation
access, netcomputing for residentials, and energy-efﬁcient access networks. He has authored and coauthored more than 60 international papers, including several invited, and has served on various technical
program committees.

also Director of the University of Melbourne’s Institute for a Broadband-Enabled Society (IBES). He has
held positions at the University of Queensland, the University of California, Berkeley, Cornell University,
Plessey Research, AT&T Bell Laboratories, Hewlett Packard Laboratories and Agilent Technologies. He
is a Fellow of the Australian Academy of Science, a Fellow of the Australian Academy of Technological
Sciences and Engineering and a Fellow of the IEEE. BILL SHIEH is an Associate Professor in the
University of Melbourne’s Department of Electrical and Electronic Engineering. He is the Deputy Director
of CEET and was previously a Member of the Technical Staff at Bell Labs. He is a Fellow of the Optical
Society of America. He has published more than 110 journal and conference papers, and submitted 14
U.S. patents (9 issued). CHARLIE WILLIAMS is the Principal Engineer, Antenna Development at
Radio Frequency Systems located in Melbourne. He received his PhD in 1976 from Monash University,
specialising in Electromagnetic Modelling. In 1976, he joined Antenna Engineering Australia. In 1988,
the company became part of the world-wide Radio Frequency Systems group (RFS), which is a global
designer and manufacturer of communication systems and a division of Alcatel-Lucent. He has over 35
years experience in the design of antennas and associated systems, and holds 5 patents, with a further
2 pending. DAN KILPER is a member of technical staff at Bell Labs, Alcatel-Lucent. He received
Bachelor of Science degrees in electrical engineering and physics from Virginia Tech and Masters and
PhD degrees in physics from the University of Michigan, Ann Arbor. He is a senior member of IEEE and
an associate editor for the OSA/IEEE Journal of Optical Communications and Networking. He currently
serves as chair of the GreenTouch Consortium technical committee. While at Bell Labs he has conducted
research on optical performance monitoring, network energy trends, and on transmission and control
systems for transparent optical networks. KATE CORNICK is the General Manager of CEET and
Executive Director of the Institute for a Broadband-Enabled Society (IBES) at the University of Melbourne.
She undertook her PhD at the University of Melbourne in optical telecommunications and spent time at
AT&T Research Laboratories, USA. She has worked as a Research Fellow at the University of Melbourne
prior to joining the ofﬁce of Senator Stephen Conroy, the Minister for Broadband, Communications and
the Digital Economy, as the Senior Telecommunications Adviser and Deputy Chief of Staff. KERRY
HINTON is the Principal Research Fellow of CEET. He received an Honours degree in electrical
engineering and Masters degree in mathematical sciences from the University of Adelaide, Australia.
He received a PhD degree in Theoretical Physics from the University of Newcastle Upon Tyne, UK. He
worked at the Telstra Research Laboratories (TRL) from 1984 until 2005, when he joined the staff of the
Department of Electrical and Electronic Engineering at the University of Melbourne.
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Peter Vetter (far left), Kerry Hinton (left), Bill Shieh, Rod Tucker (centre left), Kate Cornick (centre right), Charlie Williams,
Mickey Vucic (right), Dan Kilper (far right)
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ALCATEL-LUCENT

COLLABORATION &
RESEARCH

“At Alcatel-Lucent, we imagine a future high-performance network designed
at every level to minimise its energy consumption and environmental
impact. This vision is core to CEET, and has helped guide our investment
in this important initiative.” ANDREW BUTTERWORTH, Managing Director,
Alcatel-Lucent Australia.

“We’ve established a leading research program in network energy efﬁciency
that has generated technology breakthroughs like those at the heart of the
recently announced lightRadio™ solution, we look forward to contributing our
expertise to help CEET reach its potential.” JEONG KIM, President, Bell Labs.

Given recent advances in
telecommunications services and
applications, it’s not hard to imagine a
future world where everything we do,
create and consume relies on the
global telecommunications network.

Andrew Butterworth

In many cases, these new ways of
doing things are already helping to
drive energy efﬁciency, and will
continue to do so into the future.
However, it is important to recognise
that the supporting telecommunications
infrastructure is also a signiﬁcant
energy consumer.
At Alcatel-Lucent, we imagine a future
high-performance network designed
at every level to minimise its energy
consumption and environmental
impact. This vision is core to CEET, and
has helped guide our investment in this
important initiative.
Innovation is at the heart of
our company and is core to the
telecommunications network, as
demonstrated over many decades by
the work of our Bell Labs innovation
division. By investing in energy-efﬁcient
telecommunications, we are investing
in the future, not just of the network
but of the broader digital economy.

CEET is pioneering work in energyefﬁcient telecommunications and
we are proud to have formed this
partnership with the University of
Melbourne and the Victorian State
Government. We are thrilled that Bell
Labs can focus its global research
perspective and wealth of expertise
on this initiative and look forward to
working towards our collective goals.

ANDREW BUTTERWORTH,
MANAGING DIRECTOR,
ALCATEL-LUCENT
AUSTRALIA

COLLABORATION WITH BELL LABS

RESEARCH

The volume of trafﬁc on the Internet is growing exponentially
and it is expected to continue this trajectory into the
foreseeable future. Greenhouse gas emissions from the
information and communications technology (ICT)
sector are projected to increase signiﬁcantly in coming years.
The research program at CEET is ﬁnding ways to reduce the
energy consumption of telecommunications networks.

In collaboration with Bell Labs CEET is
currently undertaking research projects
in the following three areas:

In order to achieve its research goals CEET beneﬁts from
collaborations with the innovation engine within Bell Labs,
which has continuously generated breakthrough technologies
through a century of pioneering research. Bell Labs also
brings a global industrial research perspective and a wealth
of expertise in energy-efﬁcient networks research that
complements that of CEET.
Bell Labs research staff are collaborating on a number of
CEET projects including; Internet Services Energy Star
Rating and Low-Energy Fibre Access Networks. Bell Labs
collaborators include:
Dan Kilper: Member of Technical Staff, Bell Labs

The Modelling program will drive a
deeper understanding of the energy
consumption of telecommunications
networks enabling the development of
more sophisticated models.
Rod Tucker is the Modelling
Program Leader.

TRANSMISSION
The Transmission program is exploring
techniques to reduce the energy
consumption of the transmission
equipment in telecommunications
networks.

Jaime Llorca: Research Scientist, Bell Labs

Bill Shieh is the Transmission
Program Leader.

Gregory Wright: Member of Technical Staff, Bell Labs

FUNDAMENTALS

Keith Chow: Member of Technical Staff, Bell Labs

The Fundamentals program is exploring
the physical and mathematical
properties of photons and electrons to
enable the design and development of
energy-efﬁcient telco equipment.

Kyle Guan: Member of Technical Staff, Bell Labs
Peter Vetter: Director, Access Solutions, Bell Labs
Reinaldo Valenzuela: Director, Wireless Research, Bell Labs
Tod Sizer: Domain Leader, Wireless Research, Bell Labs
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MODELLING

Kerry Hinton is the Fundamentals
Program Leader.
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MODELLING
Cloud Computing, Content Distribution &
Information Logistics

“Cloud Computing
can help improve
the energyefﬁciency of telecommunication
networks but only
if it is designed
carefully.”
ROD TUCKER

OVERVIEW
Cloud computing is changing the way
service providers store electronic ﬁles,
run applications and distribute content.
Users of cloud computing services can
free themselves of local computing
resources and access a wide range
of applications and resources no
matter where they are located. Cloud
computing enables end users to access
electronic ﬁles, content and software
applications on-demand from any
location, so long as they have a device
with broadband connectivity such as a
computer, tablet, mobile phone or TV.
The opportunities offered by cloud
services are enormous, and as a result
a dramatic growth of these services
is expected in the future as more
business and consumers choose to
access documents, applications and
content remotely. This has implications
for the energy efﬁciency of computing
services.
The amount of energy consumed
by cloud services differs from those
accessed on a local computer or
device, and much research has
been performed comparing the two
forms of computing. However, the
energy needed to transport data from
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remote servers in the cloud to endusers is typically neglected in these
comparisons. In some circumstances
the energy needed for transport may be
signiﬁcant, for example when energy
intensive mobile computing is used or
when information being accessed from
the cloud is spread out geographically
across different servers in different
locations. This may signiﬁcantly
reduce the energy efﬁciency of cloud
computing.

OBJECTIVES
This research project aims to accurately
estimate energy efﬁciency of cloud
services incorporating transport
costs for different broadband access
technologies in addition to comparing
the energy efﬁciency of local and
cloud computing, and storage. CEET
researchers have coined the term
‘Information Logistics’ to describe
this approach and will explore how
information logistics can be used in
the planning and development of
applications and services, including the
delivery of content.

regional cloud based services as well
as localised distribution. Centralised
cloud services allow content to be
accessed from a single centralised
server whereas in regionalised cloud
services identical content is stored
(or cached) on a number of servers in
different geographic regions. Localised
distribution makes use of existing
home media gateways to host and
distribute content through peer-to-peer
networking. These different methods
of delivery content have implications
on the transport energy costs, and
therefore overall energy efﬁciency of
the system.

Through experimental studies, CEET
researchers will determine the energy
efﬁciency of various content distribution
strategies to deliver a range of cloud
services including broadcast IPTV,
video on demand and data in a range of
geographical settings.

RESEARCH TEAM
Chien Aun Chan (left)
Kerry Hinton (centre)
Rod Tucker (right)
Rob Ayre (not present)

CEET researchers are developing
a cloud model that determines the
best approach for content delivery
including through centralised and
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MODELLING
Energy Efﬁciency of Next Generation
Networks

“Next Generation
Networks have
the potential to
radically improve
the energy
consumption of
telco networks.”
KERRY HINTON

OVERVIEW
Traditional telecommunication networks
have made use of circuit switched
networks whereby a connection is
set-up between two points, and data is
then transmitted across the established
link. These synchronous networks
use connection-oriented protocols to
establish and disestablish links over
time, for example to make a phone call.
As next generation networks evolve
data is increasingly being transmitted in
packets, each of which has a particular
destination. These connectionless,
asynchronous networks make use of a
short label in each packet that provides
information that directs packets to
their destination. Synchronous,
connection-oriented protocols are
intrinsically more energy-efﬁcient than
connectionless, asynchronous protocols
since transmitted data does not need
to be interrogated once a link has
been established. In connectionless,
asynchronous networks each packet
must be interrogated to determine the
destination. This means that additional
equipment needs to be installed in
the network, and this adds to network
power consumption.
Another component of the move
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toward next generation networks is
the evolution from IPV4 to IPV6. One
reason for this is the limited address
space of IPV4. IPV6 dramatically
increases the number of available
IP addresses, however a signiﬁcant
increase in processing power is
required by routers to resolve
packet addresses.
As the need for more powerful routers
increases, cooling technology grows
more taxed. At present, the existing
air cooling system is starting to be
a limiting factor for scaling highperformance routers.

CEET researchers are undertaking
a detailed analysis of physical layer
components and the relative energy
efﬁciencies of connection-oriented
asynchronous label based protocols
in comparison with synchronous
network and IP protocols. The project
is also investigating trafﬁc grooming
and multiplexing capabilities in
telecommunications networks and how
these capabilities can impact on energy
consumption. Researchers are also
investigating the impact of migrating
from IPV4 to IPV6 and label addressing
in the Internet.

The ﬁndings of the project are expected
to drive energy-efﬁcient improvements
to networks as they evolve.

RESEARCH TEAM
Rod Tucker (far left)
Chunlei Zhang (left)
Kerry Hinton (right)
Michael Feng (far right)

As connectionless, asynchronous labelbased and IPV6 protocols are becoming
increasingly important, more research
is required to better understand how
these protocols will impact network
energy efﬁciency.

OBJECTIVES
CEET researchers are exploring the
power consumption of next generation
networks by analysing the components
within a network. This includes the
physical layer and protocols, by
researching how trafﬁc grooming and
multiplexing have the potential to
impact energy consumption within
the network.
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MODELLING
Internet Services Energy Star Rating

“The Energy Star
Rating system
will ultimately
transform the
behaviour of
next generation
consumers of
Internet services
towards a more
sustainable and
energy-efﬁcient
lifestyle.”
ELAINE WONG

OVERVIEW
In many countries, energy star ratings
are used on a range of electrical
products ranging from domestic
refrigerators to televisions. The rating
system enables consumers to access
trusted, unbiased information about
the energy efﬁciency of different
products and to use this information in
purchasing decisions.
As high speed broadband becomes
more pervasive, consumers will
have access to an increasingly wider
range of applications relating to many
aspects of life, including entertainment,
health, education and employment.
Different services will place different
energy demands on the network. For
example, services that make use of
high deﬁnition video will consume more
energy and resources in the network
than low deﬁnition video applications.
At the same time, very similar services
may have different impacts on the
energy consumption of the network,
depending on how they are conﬁgured.
An energy star rating system for
the Internet, and the services it
supports, will assist consumers to
better understand how their online
activities contribute to the greenhouse
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emissions. Additionally, it will enable
consumers to make purchasing
decisions based on energy efﬁciency
and would put incentives in place for
network and service providers to design
better services and applications that are
more environmentally friendly.

OBJECTIVES
The aim of this project is to design
an Energy Star Rating system that
can provide power consumption
and carbon footprint information of
Internet services. The Energy Star
Rating system intends to transform
the behaviour of next generation
consumers on Internet services
towards a more sustainable and
energy-efﬁcient lifestyle, and will
provide a system for consumers to
understand their contributions towards
global warming. For example, each
customer will have a unique ‘green
proﬁle’ rating and through this unique
proﬁle, suggestions and advice on ways
to improve his/her rating can be given
based on individual user behaviour.
Through this proﬁle, ISPs will also
be provided with advice on how to
improve their network and service
rating for various Internet services and
applications.

In the short to medium term, the
outcomes of this project will directly
feed into the development of the
ICT Sector Supplement of the GHG
Protocol Product Accounting and
Reporting Standard. The Supplement,
currently being developed by the World
Research Institute, World Business
Council for Sustainable Development,
Carbon Trust and Global e-Sustainability
Initiative, is intended as a guide to
calculating carbon costs of telecoms
network services. Currently, the
team is developing a hybrid model
that complements the Supplement’s
top down and bottom up models.

The hybrid model provides improved
accuracy as compared to the top down
model but with less complexity as
compared to the bottom up model.
The team is directly contributing to
the service platform working group
responsible for the technical contents
speciﬁc to calculating the service
platform energy consumption of
telecoms networks.

RESEARCH TEAM
Chris Leckie (far left)
Chien Aun Chan (left)
Elaine Wong (centre)
André Gygax (right)
Thas Nirmalathas (far right)
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MODELLING
Energy and Carbon Footprint of
Universal Broadband

“Telco networks
are heavy users
of energy and
understanding
their usage
will help to
drive future
efﬁciencies.”
KERRY HINTON

OVERVIEW
Nationwide broadband networks are
being deployed around the world to
meet consumer demand for faster
and more diverse telecommunications
services. It has recently been shown
that a 10% increase in broadband
penetration raises the per capita
economic growth of a nation by 0.9 to
1.5 percent (The Economic Journal, May
2011). This means ubiquitous access to
broadband will have a major impact on
a nation’s economic growth which, in
turn, will incur a consequential increase
in national carbon footprint, including
from the power consumption required
to operate broadband equipment.
Information and communication
technologies have been identiﬁed as
having the potential to reduce carbon
emissions, for example by reducing
travel through the use of tele-presence
or through energy savings from smart
grid implementations. Research by
the Climate Group has shown that
information and communication
technologies can abate ﬁve times the
amount of carbon dioxide emissions
that they produce (SMART 2020
Report, 2008). However, this report only
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investigated a limited number of
areas of application including motoring,
logistics, buildings and smart grids.
The nationwide impact of ubiquitous
broadband applications will go well
beyond these areas. Therefore a
whole system approach is needed
to determine the environmental,
economic and social impact of
nationwide broadband networks.
The issue of whether or not a national
broadband network will provide a
net increase or reduction in carbon
footprint is of international importance.
To address this question, this project
is developing an extensive model of
a national broadband network that
encompasses the technical, economic,
environmental and social impacts of
deploying such a network.

The project is investigating the increase
in energy consumption of network and
customer premises equipment arising
from the increased use of broadband.
The research will leverage the work of
IBES by investigating the potential of
future broadband applications to reduce
energy consumption in the various
sectors of the economy.
This project will further develop the
Computable General Equilibrium Model
developed at CoPS to include energy
consumption and abatements that can
occur as a consequence of deploying
and using a nationwide broadband

network. Non-balance sheet activities
such as environmental and other social
impacts will be included.
The overall aim of this project is to
apply Computable General Equilibrium
Model modelling to ascertain the net
economic, social and environmental
impact of nationwide broadband
networks in terms of energy
consumption carbon footprint.

RESEARCH TEAM
Rod Tucker (left)
Kerry Hinton (right)
Sascha Süßspeck (not present)

OBJECTIVES
The multi-disciplinary research team
brings together the engineering
expertise of CEET, economics expertise
of the Centre of Policy Studies (CoPS) at
Monash University, and the broadband
application expertise of the Institute for
a Broadband-Enabled Society (IBES) at
the University of Melbourne.
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TRANSMISSION
Energy-Efﬁcient Analog-to-Digital
Converter

“Analog-toDigital Converters
are critical
elements of telecommunication
networks that
today consume a
lot of power.”
STAN SKAFIDAS

OVERVIEW
Analog-to-digital converters measure
real world continuous signals and
convert them to the digital domain
where they can be processed digitally.
Analog-to-digital converters are
integral to modern communications
systems and are used in receivers
that are located throughout the
telecommunications network, including
in core infrastructure.
Receivers detect signals that have
been transmitted across the network
and sample them using an analogto-digital converter. Once data is in a
digital format it is manipulated with
digital signal processing techniques
by a processor in order to recover
the transmitted data. This traditional
architecture is power hungry, and the
total effective utilisation of bandwidth
and bits per second transferred
is limited by the analog-to-digital
converter sampling rate and its effective
resolution.
Advanced channel modulation schemes
that will permit communication
systems to achieve higher data rates,
whilst being more robust to noise and
consuming lower amounts of
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power, require high speed and high
resolution analog-to-digital converters.
A reason why these technologies
have not achieved widespread market
applicability has been the availability of
fast, low power consumption, analogto-digital converters.
Hence today’s optical and wireless
communications are limited due to the
high power consumption, low speed,
low resolution of today’s analog-todigital converters. More research is
required to increase the speed and
decrease the power consumption of
analog to digital converters.

The results from this project are
expected to result in analogue to digital
converters that are approximately in
the order of magnitude faster than the
highest performance research analogue
to digital converters that are available
today, whilst maintaining low power
consumption.
This technology will facilitate advances
in energy-efﬁcient next generation
networks, wireless and new spectrally
efﬁcient optical communication
systems that will make use of
advanced modulation formats. The

cheap, fast and high resolution and
energy-efﬁcient analogue to digital
converters developed by this project
team will likely ﬁnd wide applicability in
international systems and products.

RESEARCH TEAM
Bill Shieh (left)
Behnam Sedighi (centre)
Stan Skaﬁdas (right)

OBJECTIVES
This project is investigating ultrafast, high resolution analog-to-digital
converters with the aim of developing a
new device that will consume less than
1 Pico-Joule of energy per conversion.
The sampling rate of these converters
will exceed sampling rates of 100 Giga
samples per second at resolutions of
8 bits or more. The research team at
CEET is developing new analog-todigital converters architectures, circuits,
and applying new system design
techniques in order to achieve this goal.
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TRANSMISSION
Energy Efﬁciency of Future Modulation
Formats

“Modulation
formats are
used to transmit
information across
networks, but
some are more
efﬁcient than
others.”
BILL SHIEH

OVERVIEW
Modulation formats refer to the way in
which electronic data is converted into
optical form for transmission across
optical ﬁbre networks. The simplest
form of modulation format uses on-off
keying to simply turn a laser beam
‘on’ or ‘off’ to represent a digital ‘one’
or ‘zero’.
The evolution of optical networks over
the past four decades has seen the
development of more sophisticated
modulation formats that can be
transmitted and properly received
at increasingly higher data rates
over longer distances. Early optical
communications systems made use
of simple modulation formats that
varied light intensity to transmit data.
However, modulation formats in stateof-the-art optical telecommunication
systems make use of the phase and
polarization of light as well as intensity.
These advances have reduced costs
in the network as signals can be
transmitted further without the need
for regeneration and the spectral
efﬁciency (or capacity) of optical ﬁbres
is enhanced.
In order to carry the increased volume
of trafﬁc that is predicted into the
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future, even more advanced modulation
formats are required. At the same time
the focus on energy efﬁciency in the
telecommunications networks is driving
the need for more efﬁcient modulation
formats that require less energy per bit
of information. Research is needed to
better understand which modulation
formats are the most efﬁcient in terms
of cost and energy.

OBJECTIVES
The objectives of this project are to
develop a method for determining the
energy consumption of modulation
formats at different points in the
network and making comparisons
between different modulation formats.

connect different parts of the network,
and optical ampliﬁer modules that
ensure transmitted signals have enough
power. Optical cross-connects are used
to interconnect different sub-networks.
CEET researchers are examining how
signals can be efﬁciently generated
and recovered in the electronic domain
using digital signal-processing; how
the signals can be modulated and
demodulated between electronic and
optical domains; how signals propagate
through optical links are inﬂuenced by
optical noise, chromatic dispersion, and
ﬁbre nonlinearity; and how the optical

signals can be efﬁciently added and
dropped in the optical domain through
optical cross-connects.
The results of the research are
expected to inﬂuence high-speed
modulation formats for the future by
considering their energy efﬁciency at
different sections of the network.

RESEARCH TEAM
Bipin Pillai (left)
Bill Shieh (centre)
An Li (right)

To achieve this, a telecommunications
system is divided into four functional
blocks. The electronic digital signalprocessing block performs functions
including error-correction coding, pulse
shaping amongst other procedures
to generate and recover the signal
electronically. Electrical-to-optical
and optical-to-electrical conversion
involves opto-electronic modulators at
the transmitter and photo-detectors
as well as electronic ampliﬁcation at
the receiver. The optical link includes
multiple spans of optical ﬁbre that
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TRANSMISSION
Low-Energy Fibre Access Networks

“Fibre to the
premise is the
most energyefﬁcient access
network but there
is still room for
improvement.”
ALAN LEE

OVERVIEW
Telecommunications access networks
refer to the infrastructure that connects
people’s homes and workplaces
to local telephone exchanges or an
equivalent aggregation point. Today,
the vast majority of ﬁxed access
networks use copper wires and digital
subscriber line technology to provide
broadband services. However ﬁbre to
the premises (FTTP) access networks
are being deployed around the world,
including in Australia as a part of the
National Broadband Network rollout,
in order to meet future demands for
broadband services.
Broadband services delivered over
FTTP infrastructure have been proven
to be the most energy-efﬁcient
form of telecommunications access
technology, when compared to
technologies that make use of copper
wires or wireless communications.
However, FTTP access networks still
consume about 5-10 Watts per user.
Reducing the power consumption of
FTTP networks will have a signiﬁcant
impact on the total carbon footprint
of the telecommunications sector.
Furthermore, a signiﬁcant reduction
in power consumption of the access
network will enable alternative power
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sources to be considered in typical
network deployments.
In order to develop more energyefﬁcient FTTP access networks, more
research is required to determine the
fundamental limit for the lowest energy
consumption per user as a benchmark.

OBJECTIVES
The overarching aim of this project is
to develop an FTTP technology that
will reduce the power consumption of
the access network by a factor of one
hundred, i.e. to 50-100 mW per user
while not affecting user experience.
To achieve this, the research team is
developing a model for the lowest
energy point-to-point ﬁbre access
architecture to ascertain its theoretical
and practical lower limit for power
consumption per user.

transmitted across the access network.
Factors that impact on the energy
efﬁciency of the access technology
would mainly be inefﬁciencies in
the optical components, quality of
service (QoS) support, operations,
administration and management (OAM)
processing, and interconnections inside
the access node.

the lower limit energy consumption per
user and this will provide a benchmark
for other access technologies.

RESEARCH TEAM
Rod Tucker (left)
Alan Lee (centre)
Behnam Sedighi (right)

The model under development takes
into account factors that impact on
the energy efﬁciency of the system. A
“proof of concept” demonstration of
the low energy point-to-point access
technology will be used to measure

Hypothetically, the most energyefﬁcient FTTP access network would
provide point-to-point connectivity
between the local telephone exchange
and the end user. This is because this
architecture requires the minimum
number of photons per bit to achieve
a signal-to-noise ratio that will enable
the data to be correctly received.
The energy consumption would be
proportional to the amount of data
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TRANSMISSION
Video Coding for Energy-Efﬁcient
Telecommunications Project

“Video
compression and
transmission use
a lot of energy, so
energy efﬁcient
compression
techniques are
vitally important.”
MORTUZA ALI

OVERVIEW
Video applications are data hungry,
requiring high bandwidth for
transmission and therefore consume
more energy than lower bandwidth
applications. By 2014, video is expected
to constitute over 90 percent of the
world’s internet trafﬁc and over 65
percent of mobile trafﬁc. The rapid
growth in video trafﬁc will impact
heavily on the energy consumption of
telecommunications networks.
One way to reduce the carbon footprint
of video transmission is to improve
coding (or compression) techniques
so that video ﬁles consume less
bandwidth and therefore the amount
of transported data and the associated
energy consumption is reduced. The
downside of video compression is that
it consumes energy and that the higher
the level of compression, the more
energy is consumed.
Existing video coding schemes involve
the use of expensive predictive coding
techniques developed in the 1980’s that
require complex encoders that
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convert data from one format to
another more compressed format and
are tailored to storage and broadcasting
applications. These encoders must
predict the occurrence of errors on any
transmission to ensure the source data
is not compressed to the point that it
cannot be detected.
Recently, a new paradigm of distributed
source coding has emerged that
exploits the correlation between
sources at the decoder rather than the
encoder. Distributed source coding
requires a simple encoder and has the
advantage of being inherently robust
against transmission errors. This means
that it can overcome traditional tradeoffs between compression rate and
error robustness. This ﬂexibility results
in overall energy efﬁciency gains since
less compression of source data is
needed.

OBJECTIVES
The objective of this project is to
develop video coding techniques that
provide high compression rates and
at the same time use low energy
for the coding process. This project
is building on the new paradigm of
distributed source coding, and is taking
into account the nature of Internet and
mobile communications.

power handheld mobile devices,
including video telephony, video
conferencing, and mobile video emails.

RESEARCH TEAM
Margreta Kuijper (not present)
Mortuza Ali (not present)

The video coding framework
used in this project combines low
computational complexity and
high compression rate, to reduce
the amount of data that needs
to be transmitted across the
telecommunications network, with
robustness against transmission errors
to ensure the source data can be
accurately received by the end user.
This ensures energy consumption of
the coding scheme is minimised.
The outcomes of the project are
expected to enable greater use of
energy-efﬁcient video applications.
This includes the ability to use video
applications more frequently on low
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FUNDAMENTALS
Router Power Measurements

“Routers are
among the most
power hungry
elements in telecommunication
network.”
KERRY HINTON

OVERVIEW
As demand for bandwidth by
consumers increases, more data is
transmitted across telecommunications
networks and more energy is
consumed by power hungry
equipment.
The transmission of data across
telecommunications networks relies on
equipment such as routers, switches
and cross connects to direct trafﬁc.
Routers interrogate packets of data
arriving from a telecommunications
network in order to determine their
destination via an IP address, and
forward the packets to that address.
Because they must interrogate
each IP packet to determine its
destination, routers require substantial
computational capabilities and therefore
consume a signiﬁcant amount of
power.
Switches and cross connects provide
switching functionality but do not
require IP look-up processing and other
computationally intensive functions
such as deep packet inspection and
other security functions. Therefore,
switches and cross connects consume
considerably less energy than routers.
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Different elements of
telecommunications network consume
different amounts of power depending
on how busy the network is, and the
type of trafﬁc that is being transmitted.
In order to improve the energy
efﬁciency of telecommunications
networks, it is necessary to understand
how much power each element in the
network uses over a range of trafﬁc
loads and proﬁles. This include routers,
Ethernet switches and cross connects.

The data gained from this project will be
used to develop detailed mathematical
models of power consumption for
network equipment that in turn will
be the basis for models of power
consumption for network architectures.

RESEARCH TEAM
Rod Tucker (left)
Kerry Hinton (right)
Rob Ayre (not present)

OBJECTIVES
The aim of this project is to provide
a detailed power proﬁle of a range
of network equipment such as IP
routers, Ethernet switches and cross
connects. Power measuring hardware
and software is being developed by
researchers at CEET that provide
power consumption data based on
measurements of real equipment.
The expected outcomes of the project
include a technique to measure the
relationship between the overall power
consumed by network equipment and
its trafﬁc load.
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FUNDAMENTALS
Fundamental Limits of Switching and
Information Transfer

“Understanding
fundamental
limits assists
us to better
understand energy
consumption in
telco networks.”
BILL MORAN

OVERVIEW
Over the past few decades the
size of components that perform
computations in telecommunications
networks has reduced dramatically.
At the same time they have become
more powerful and are able to perform
much more complex computations. The
increase in power and computational
complexity generates much more heat,
and sophisticated cooling systems are
needed to dissipate the heat.
The size of devices cannot be reduced
inﬁnitely as a fundamental limit
exists that relates energy usage in
computation and communications. This
limit is imposed by the fundamentals
of physics including the laws of
thermodynamics and statistical
mechanics, as well as laws relating to
information theory.
More research is required to better
understand how fundamental limits
on computation and communications
relate to energy consumption. The
outcomes of this project will provide
the foundation for the minimisation
of power consumption in network
elements such as routers and switches

33 CEET ANNUAL REPORT 2011

that must undertake complex digital
signal processing and computing
activities.

OBJECTIVES
This project contains two related
themes. The ﬁrst investigates
computation and switching energy at
its most fundamental level. The second
theme focuses on computation and
switching energy in electronic and
photonic technologies.

The outcomes from the project
are expected to contribute to our
understanding of when electronics can
provide better switching characteristics
and require less power than photonic
technologies. Developing a fundamental
understanding of the special properties
of electronics that provide such a good
switching characteristic will assist in
improving the switching characteristics
of photonic technologies.

RESEARCH TEAM
Peter Farrell (far left)
Daniel Angley (left)
Bill Moran (centre)
Kerry Hinton (right)
Andrew Greentree (far right)

Researchers at CEET are developing
realistic and restrictive limits on
the energy required to perform
computations and communications. The
results will give a better guide to future
research and development in computer
systems and communications.
The research team is also investigating
the energy efﬁciency of network
elements that undertake complex
digital signal processing and computing
activities, such as routers and switches.
The researchers are also investigating
some of these fundamental limitations
and exploring how close practical
electronic and photonic circuits can
approach these fundamental limitations.
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GREENTOUCH
Dedicated to creating a sustainable Internet through innovation
and collaboration - increasing ICT network energy efﬁciency
by a factor of 1,000 to fundamentally transform global
communications and data networks.
ABOUT

GLOBAL MISSION

GREENTOUCH™ AND CEET

GreenTouch™ is a global
consortium of leading Information
and Communications Technology
(ICT) industry, academic and nongovernmental research organisations
dedicated to fundamentally
transforming communications and
data networks, including the Internet,
and signiﬁcantly reducing the carbon
footprint of ICT devices, platforms and
networks.

By 2015, GreenTouch’s goal is to deliver
the architecture, speciﬁcations and
roadmap - and demonstrate key
components - needed to increase
network energy efﬁciency by a factor of
1,000 from current 2010 levels.

Through the Institute of a Broadband-Enabled Society (IBES) at the University of Melbourne, CEET is a
member of GreenTouch. The University of Melbourne is one of the founding members of GreenTouch.
Rod Tucker is a member of the GreenTouch Board, Kerry Hinton is Chair of the Networks Committee
and Bill Shieh is Chair of the Core Transmission and Optical Networking Working Group. A number of
the CEET team are members of GreenTouch committees and working groups. GreenTouch provides an
international platform through which CEET innovations can ﬁnd global impact. Furthermore, GreenTouch
creates opportunities for CEET members to partner with other experts and leading organisations covering
the full scope of energy and ICT networks.

THE DIFFERENCE

• A sustainable future for data
networking and the Internet

The vision of GreenTouch is to develop
the technology that will enable the
energy efﬁciency of ICT networks
whilst CEET focuses on reframing
the theory and implementation of
telecommunications, broadband
content delivery, and cloud computing,
with a focus on minimising energy
consumption.
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GreenTouch members and the global
community will beneﬁt from:
• A reinvention of today’s
telecommunications networks

• Unprecedented collaboration with
leading experts from around the world
• Participation in fundamental research
in exciting new areas
• Access to network models and
studies examining energy related issues
• Information on network power
consumption, trafﬁc growth, and
energy trends.
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PUBLICATIONS
Publications by CEET Researchers from July 2010 until June 2011.
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CONFERENCE PAPERS
M. Z. Feng, K. Hinton, R. Ayre, R. Tucker, “Reducing NGN Energy Consumption in IP/SDH/WDM”,
e-Energy conference, Germany 2010.
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conference, Singapore, Oct. 2010.
C. A. Chan, E. Wong, A. Nirmalathas, C. Jayasundara, “Energy-efﬁcient solution for video-rich services
over next generation broadband access networks”, 23rd Annual Meeting of the IEEE Photonics Society
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Australian Institute of Physics Congress, December 2010.
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CO-OFDM Signal over a Two-Mode Fibre,” Optical Fibre Communication Conference National Fibre Optic
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Optical Fibre Communications Conference (OFC’11), paper NMD1, Los Angeles, California, USA,
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C. A. Chan, E. Wong, C. Jayasundara, A. Nirmalathas, “Energy-efﬁcient delivery methods for videorich services over next generation broadband access networks”, IEEE International Conference on
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EVENTS, MEDIA,
AWARDS & VISITORS

“As the ﬁrst
facility of its kind
in Australia, CEET
will position the
state as a hub
for ICT research
and a place for
development and
training in ICT and
energy-efﬁcient
communications.”
MINISTER FOR
TECHNOLOGY,
GORDON RICHPHILLIPS, at the
CEET Launch.

EVENTS
On Monday 28 March 2011, CEET
was ofﬁcially launched by the Victorian
State Government’s Minister for
Technology, Gordon Rich-Phillips, at the
University of Melbourne. To mark the
occasion, Jeong Kim, President of Bell
Labs, attended the event as a keynote
speaker along with Rod Alferness,
Chief Scientist Bell Labs, Andrew
Butterworth, Managing Director AlcatelLucent Australia and David Tudehope,
Chief Executive, Macquarie Telecom.
Announced at the launch by Rod Tucker,
Director of CEET, were the CEET
projects in the areas of Modelling,
Transmission and Fundamentals.
The launch was followed by an Advisory
Committee and Operations Committee
meeting and two days of Project
Team Meetings, which gave the CEET
research team an opportunity to foster
collaboration with the overseas visitors
from Alcatel-Lucent and Bell Labs.
Since the launch of CEET, there have
been three public lecturers, held at
the University of Melbourne. Debasis
Mitra, the Vice-President of the
Chief Scientist’s Ofﬁce of Bell Labs,
presented a lecture on ‘Models for
Optimisation of Industrial Research

39 CEET ANNUAL REPORT 2011

Management’ and Dan Kilper, a
member of the technical staff at Bell
Labs, presented a lecture on ‘EnergyEfﬁcient Networks’. Ben Eggleton,
the Research Director of CUDOS,
presented a lecture about the ARC
Research Centre, CUDOS.

MEDIA
From the CEET launch event there
were over ﬁfty media articles written in
newspapers, IT magazines, blogs and
website including:
Australia launches biggest effort to
“green” Internet
International Business Times, 28 March
2011
Alcatel, Melbourne University,
Victoria govt launch CEET
TelecomPaper, 28 March 2011
Green telecommunications research
centre opens in Melbourne
Liberal Victoria, 28 March 2011
University of Melbourne brings
GreenTouch efforts down under
Computer World Australia, 28 March
2011
CEET aims to introduce energy rating
system for telecom services
CommsDay, 29 March 2011

Australia expands green internet
capacity
ECOS Magazine, 31 March 2011
Greening the Telecom Sector
EBN, 31 March 2011
Since the launch there have been over
20 articles written including:
Inefﬁciencies that will plague the
NBN
Business Spectator, 5 April 2011
Sustainability in telecommunications
Sustainability Matters, 12 April 2011
Top Australian University for
Electronic Engineering
Electronics News, 14 April 2011
The net is getting dirtier
Technology Spectator, 5 May 2011
Cleaning up the net
Technology Spectator, 9 May 2011

AWARDS
In the ﬁrst year of operations, CEET
was a ﬁnalist for the prestigious 2011
Communications Alliance & CommsDay
ACOMM Awards in the category
of ‘Environmental Responsibility’.
The General Manager for CEET, Kate
Cornick, was the winner of the Young
Achievers Award.

VISITORS
Alcatel-Lucent and Bell Labs researchers from North America
and Korea have visited CEET to collaborate with teams and to
participate in CEET events. Visitors to the centre include:
Andrew Lange: Green Technology CTO, Alcatel-Lucent.
Charlie Williams: Principal Engineer of Antenna
Development, Radio Frequency Systems.
Dan Kilper: Member of Technical Staff, Bell Labs.
Debasis Mitra: Vice-President, Chief Scientist’s Ofﬁce,
Bell Labs.
Jaime Llorca: Research Scientist, Bell Labs.
Jeong Kim: President, Bell Labs.
Kyle Guan: Member of Technical Staff, Bell Labs.
Mark Hunter: Technology Analyst, Alcatel-Lucent.
Mickey Vucic: Principal Architect, Alcatel-Lucent.
Peter Vetter: Director of Access Solutions, Bell Labs.
Randy Giles: President, Bell Labs Seoul, Korea.
Ric Clark: Acting Head of Marketing and Strategy,
APAC Region, Alcatel-Lucent, Shanghai.
Rod Alferness: Chief Scientist, Bell Labs.
Simon Harriss: Vice President, Leighton Account,
Alcatel-Lucent.
Since January 2011 Chunlei Zhang, a visiting Academic from
Lanzhou Jiaotong University in China, has been working with
the Energy Efﬁciency of Next Generation Networks team.
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Elaine Wong
Senior Lecturer & ARC Future Fellow,
Electrical & Electronic Engineering

THE TEAM
In 2011 CEET consists of 26 team members, which include:
20 Researchers, 4 Postgraduate Students and 2 Professional
Staff Members.

Jamie Evans
Professor, Electrical & Electronic
Engineering

Researchers
Rod Tucker
Laureate Professor, Electrical &
Electronic Engineering
Bill Shieh
Associate Professor, Electrical &
Electronic Engineering
Kerry Hinton
Principal Research Fellow, Electrical &
Electronic Engineering
Alan Lee
Senior Research Fellow, Electrical &
Electronic Engineering
André Gygax
Senior Lecturer, Finance
Andrew Greentree
Principal Research Fellow, Physics
Behnam Sedighi
Senior Research Fellow, Electrical &
Electronic Engineering
Bill Moran
Professor, Electrical & Electronic
Engineering
Bipin Pillai
Senior Research Fellow, Electrical &
Electronic Engineering
Brian Krongold
Senior Lecturer, Electrical & Electronic
Engineering
Chien Aun Chan
Research Fellow, Electrical & Electronic
Engineering
Chris Leckie
Associate Professor, Computer Science
and Software Engineering
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Margreta Kuijper
Associate Professor, Electrical &
Electronic Engineering
Mortuza Ali
Research Fellow, Electrical & Electronic
Engineering
Peter Farrell
Associate Professor, Electrical &
Electronic Engineering
Rob Ayre
Senior Research Fellow, Electrical &
Electronic Engineering
Stan Skaﬁdas
Professor, Deputy Head Of Department
Electrical & Electronic Engineering
Thas Nirmalathas
Professor, Head Of Department
Electrical & Electronic Engineering

Students
An Li
Postgraduate Student, CEET Top-Up
Scholarship recipient
Daniel Angley
Postgraduate Student, CEET Top-Up
Scholarship recipient
Michael Feng
Postgraduate Student, CEET Top-Up
Scholarship recipient
Sascha Süßspeck
Postgraduate Student

Professional Staff
Kate Cornick
General Manager
Kat Franks
Ofﬁce Coordinator
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FINANCE

LOCATION

Income Statement from 1 July 2010 to 30 June 2011.

Melbourne has been named the world’s second most liveable
city in the Economist Intelligence Unit’s (EIU) annual Global
Liveability Report 2011.

Income
Cash Revenue

$2,450,000

In-kind Contributions

$551,653

Total

$3,001,653

CEET
Level 5, Building 193
Electrical & Electronic Engineering
The University of Melbourne
Victoria 3010 Australia
Ph: + 61 3 8344 7682
www.ceet.unimelb.edu.au

Expenditure
Salaries

$267,567

Student Scholarships

$6,443

Centre Operations (including overheads)

$477,953

Marketing and Events

$10,427

Travel

$15,976

Total

$778,366
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Melbourne is the cultural hub of Victoria boasting world renowned art galleries, cafe ﬁlled lane ways, a passion for food and wine and a
fabulous arts scene. The University of Melbourne’s Parkville campus is located approximately 1.5 km north of the Melbourne CBD.

44

The only way to control the growth of energy consumption of the Internet is to
develop technologies, protocols, design methodologies, and architectures that
increase the energy efﬁciency of the network.
CEET is carrying out research that aims to improve the energy efﬁciency of the
Internet and keep the total energy of the Internet under control as the amount of
data on the network increases and as the number of users expands.
CEET is devoted to innovation in energy-efﬁcient networks and technologies
with the goal of ultimately reducing the future impact of telecommunications
on the environment.
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