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Today we are most certainly well 

into the “Information Age”. Just 

like the preceding Agricultural and 

Industrial Ages, the Information 

Age is dramatically changing 

the way we live our lives, both 

at home and at work. The on-

going growth in Information and 

Communications Technologies 

(ICT) and the Internet is 

transforming society and 

generating even greater changes 

than any of the previous “Ages”. 

However, very soon another “Age” 

will be upon us: the “Sustainability 

Age”, if not already here, is not far 

into our future.

The Sustainability Age is that time 

in the evolution of our society 

in which we need to recognise 

and respond to the fact that we 

live on a fi nite planet with fi nite 

resources. We can only generate a 

fi nite amount of electrical energy 

with non-renewable resources and 

we can only dump a fi nite amount 

of pollution into our environment. 

Every sector of the economy 

must review its impact on the 

environment, and the ICT sector is 

no different.

The ICT equipment that underpins 

the Information Age is consuming 

greater amounts of electrical 

power than ever before, and 

as a result greater amounts 

of carbon-dioxide emissions 

(CO2e) are being pumped into 

our atmosphere primarily from 

non-renewable energy sources 

and network operating costs 

are going up. Figure 1 on the 

following page shows the global 

power consumption of the 

Internet projected into the future 

based upon current growth rates 

assuming no improvement in 

equipment energy effi ciency (red 

dotted line) and 15% improvement 

per year (green line). The 15% 

improvement is based on the 

best current trends for Internet 

equipment. Also shown in the 

fi gure is global electricity supply, 

projected into the future based 

on its historical growth trend of 

3% per annum. If the energy 

effi ciency of network equipment 

continues to improve at 15% per 

year (green line) the consumption 

of the Internet will grow from 

2% of global electricity supply to 

more than 5% by 2025 and the 

energy-enabled operating costs 

of network operators will increase 

substantially.

Attaining the 15% annual 

improvement trend would require 

replacing all Internet equipment 

each year by the latest generation 

of equipment, which is not 

realistic because it would place 

an insurmountable fi nancial 

burden on telecommunications 

service providers. Recognising 

THE INFORMATION AGE
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this fact we would expect the 

actual trend line for future power 

consumption to lie between the 

green line and the red dotted line. 

This would mean that the energy 

consumption could become 

10-15% or more of the global 

electricity supply by 2025.

Taking all of these considerations 

into account, new research and 

innovations are required to reduce 

the energy consumption of the 

ICT industry to realise the full 

potential of the Information Age.

The Centre for Energy-Effi cient 

Telecommunications (CEET) is 

a research centre based at the 

University of Melbourne that is 

dedicated to this cause. 

CEET was launched in 2011 

and is a partnership between 

Alcatel-Lucent, Bell Labs, 

Victorian State Government 

and the University of Melbourne. 

CEET is the world’s fi rst research 

centre exclusively dedicated to 

driving the creation of energy-

effi cient telecommunications on 

a global scale and is a signifi cant 

research provider to the global 

GreenTouch consortium.

The Future

It is becoming increasingly clear 

that the Information Age of 

tomorrow will be signifi cantly 

different to the vision that existed 

in the 1990’s when the Internet 

grew from an academic tool to 

a dominant part of the world 

economy. The embryonic days 

of the Internet did not envision 

the plethora of services and 

technologies that we see today 

from mobile access to cloud 

services, social networking, high 

defi nition IPTV and tablets to 

name a few.

Today’s younger generations 

see these services and their 

supporting technologies as the 

“norm”.  They are now looking 

toward and/or creating the next 

generation of information based 

services. No matter what these 

may be, they all will consume 

power. They will all require 

equipment to be deployed around 

the planet and will all have a 

carbon footprint. The challenge 

of the Information Age is now 

to ensure it is sustainable for 

the benefi t of future generations 

worldwide.

The research being undertaken 

in CEET, along with many other 

similar institutions around the 

globe, provides a crucial building 

block for this future.

THE INFORMATION AGE
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Hazelwood Power Station, Latrobe Valley, Victoria Australia. Photo credit: Mriya, en.wikipedia CC-BY-SA-3.0.

Figure 1 The growth of power consumption of the Internet over the coming 

years assuming  current growth rates in traffi c and number of users. 
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Welcome to the third Annual 

Report of the Centre for Energy-

Effi cient Telecommunications 

(CEET). This has been a very 

exciting year for CEET. We have 

delivered some important new 

insights into how the energy 

consumption of the Internet 

can be reduced, and have been 

active in a number of local and 

international events. 

Highlights of the year include, 

together with Alcatel-Lucent, 

being awarded the Business 

and Higher Education Round 

Table (B-HERT) 2012 prestigious 

Outstanding Achievement in 

Collaboration in Research and 

Development, hosting the 

Australian Energy-Effi cient 

Internet Summit, the release of 

our fi rst white paper The Power 

of Wireless Cloud, presenting at 

the Google Summit How Green 

is the Internet? and our fi rst 

demonstration of the Universal 

Router Energy Model. 

CEET played a signifi cant role 

in assisting GreenTouch to 

develop the GreenTouch Green 

Meter. This activity culminated 

in the announcement of the 

Green Meter at the GreenTouch 

Members meeting in Shanghai in 

May 2013. The Green Meter has 

demonstrated that GreenTouch 

is well on the way to achieving its 

goal of showing how the energy 

effi ciency of the network can be 

improved one thousand-fold. CEET 

is proud to have been involved in 

this activity.

A major activity in 2013 has been 

a detailed review of the CEET 

research program. Together with 

colleagues from Bell Labs and 

Alcatel-Lucent, CEET researchers 

have evaluated the progress of 

all research projects and have 

re-structured the CEET research 

program to strengthen our already 

close alignment and interactions 

with Bell Labs and GreenTouch. 

In collaboration with Telstra, 

CEET presented an advanced 

study unit at the University of 

Melbourne in Energy-Effi cient 

Telecommunications. This unit 

presented students with a very 

comprehensive coverage of the 

topic and involved project work 

conducted in collaboration with 

Telstra colleagues. Plans are in 

hand for expanding the course in 

the future.

This annual report provides 

a snapshot of the centre’s 

activities from July 2012 to 

June 2013. We have continued 

working on nine projects and 

completed our contributions on 

the Video Coding for Energy-

Effi cient Telecommunications 

interdisciplinary project. CEET’s 

fi rst student, Michael Feng, 

completed his PhD on Energy 

Effi ciency of Next Generation 

Optical IP Networks and we 

continue to support nine 

postgraduate students. 

I would like to thank all of the staff, 

students and collaborators for 

their passion and commitment to 

our research. I would also like to 

thank our partners Alcatel-Lucent, 

Bell Labs and the Victorian State 

Government for their continued 

support of CEET. 

Rod Tucker

Director, CEET
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GOVERNANCE and STRUCTURE

ADVISORY

COMMITTEE

OPERATIONS

COMMITTEE

Head of Department

Electrical & Electrical

Engineering 

Dean, Melbourne 

School of Engineering 

CEET EXECUTIVE

COMMITTEE

CEET Deputy Director, 

Research Theme Leader

CEET Director,

Research Theme Leader

Research 

Theme Leader

Researchers

Postgraduate Students Postgraduate Students

Researchers

CEET General

Manager

CEET is governed by an Advisory 

Committee and Operations 

Committee. Each committee 

consists of four nominated 

members from Alcatel-Lucent 

and Bell Labs and four nominated 

members from the University of 

Melbourne.

The Advisory Committee assists 

the centre with achieving its goals 

and to maximise its infl uence 

and impact, including nurturing 

the partnership between the 

University of Melbourne, 

Alcatel-Lucent, Bell Labs and the 

Victorian State Government. 

The Operations Committee 

oversees and makes decisions 

on CEET’s research program, 

research staff and nurtures 

research collaborations between 

CEET and Bell Labs. 

Operations Committee 

Members

/ Peter Vetter (chair), 

 Department Head, Bell Labs

/ Thierry Klein, Head of Green  

 Research, Bell Labs

/ Mickey Vucic, Principal   

 Architect, Alcatel-Lucent 

/ Max Bryan, Principal Engineer,  

 Alcatel-Lucent 

/ Rod Tucker, CEET Director,   

 University of Melbourne

/ Kerry Hinton, CEET 

 Deputy Director, University 

 of Melbourne

/ William Shieh, CEET Program  

 Leader, University of Melbourne

/ Kat Franks, CEET 

 General  Manager, University 

 of Melbourne 

Advisory Committee 

Members

/ Randy Giles (chair), Executive  

 Director and President, 

 Bell Labs Seoul Korea

/  Alice White, Chief Scientist,   

 Bell Labs 

/ Ric Clark, Head of Marketing  

 and Strategy APAC Region, 

 Alcatel-Lucent 

/ Rai Pullinen, Vice President   

 Telstra Account, Alcatel-Lucent

/ Iven Mareels, Dean, Melbourne  

 School of Engineering, University 

 of Melbourne

/ Rob Evans, Head of Dept.  

 of Electrical and Electronic   

 Engineering, University 

 of Melbourne

/ Liz Sonenberg, Pro Vice   

 Chancellor (Research

 Collaboration), University 

 of Melbourne

/ Charlie Day, Project Director,  

 The Carlton Connect Initiative,

 University of Melbourne

News

/ In February 2013, Bell Labs Chief Scientist, Alice White (pictured above),  

 was appointed to the CEET Advisory Committee. In her role as Chief   

 Scientist, Dr White is responsible for the strategic long-term leadership 

 of Alcatel-Lucent’s scientifi c and research community, and represents  

 Bell Labs in senior-level industry-related science and research   

 engagements. 

/ CEET thanks and recognises the efforts of Simon Harriss, Debasis

 Mitra, Peter Taylor and Thas Nirmalathas for their commitment and   

 contributions as past Advisory Committee members in 2012/2013.

 CEET also thanks Kate Cornick for her involvement and support as

 a past Operations Committee member and CEET General Manager

 and Dan Kilper for his contributions and role as a past Operations   

 Committee Chair in 2012/2013.

/ The Operations Committee appointed a Bell Labs researcher to each   

 CEET project as Project Liaison. The role of the Bell Labs Project Liaison  

 is to review major research outcomes and disseminate results to the  

 broader Bell Labs research community.
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GREENTOUCH ENGAGEMENT

GreenTouch™ is a global 

consortium of leading Information 

and Communications Technology 

(ICT) industry, academic and 

non-government research 

organisations dedicated to 

fundamentally transforming 

communications and data 

networks, including the Internet, 

and signifi cantly reducing the 

carbon footprint of ICT devices, 

platforms and networks. 

There are more than 300 

members from 55 telco vendors, 

service providers, universities and 

research organisations. There are 

currently 16 projects underway. 

By 2015, GreenTouch’s goal 

is to deliver the architecture, 

specifi cations and roadmap - and 

demonstrate key components 

- needed to increase network 

energy effi ciency by a factor of 

1,000 from 2010 levels. 

CEET’s Contributions

Through the University of 

Melbourne, CEET is one of 

the founding members of 

GreenTouch. Contributions include:

/ Participation in 7 out of 16   

 GreenTouch Projects.

/ Rod Tucker, Member of the   

 GreenTouch Executive Board.

/ Kerry Hinton, Chair of  

 the Wired Core and Access  

 Networks Working Group.

/ Bipin Pillai, Member of the   

 Technical Committee.

/ Kat Franks, Member of the   

 Marketing and Communications  

 Committee.

GreenTouch Public Lecture: Melbourne University

On 23 May 2013 Chairman of the GreenTouch Technical Committee, 

Thierry Klein (pictured above), visited CEET and presented a public 

lecture on Transforming ICT Networks For a Sustainable Future. During 

the presentation Thierry reviewed some of the current trends in 

communication and data networks and discussed the latest research 

to improve energy effi ciency and reduce power consumption in mobile, 

wireline access, packet data and optical networks. 

GreenTouch Green Meter Research Study

The fi rst-of-its kind study applied advanced modelling to better 

understand potential telecommunications network operations in 2020, 

taking into account dramatic increases anticipated in communications 

traffi c over the next decade. The research evaluated energy effi ciencies 

in different types of networks, comparing those in 2010 with those 

incorporating the technologies and architectures the consortium has 

identifi ed that could be in use by 2020. The research showed how 

communications networks could reduce energy consumption by 

90 percent by 2020. The results will help service providers identify 

technologies, architectures and protocols to improve network energy 

effi ciency. The fi ndings were made available through a white paper 

released in June 2013 www.greentouch.org/uploads/documents/

GreenTouch_Green_Meter_Research_Study_26_June_2013.pdf

CEET is proud to have played a signifi cant role in assisting GreenTouch to 

develop the GreenTouch Green Meter. 

Universal Router Energy Model 

GreenTouch Project REPTILE

In May 2013 CEET researchers demonstrated the fi rst comprehensive 

tool to measure and model energy of routers in telecommunications 

networks at the University of Melbourne. 

The Universal Router Energy Model provides a vendor agnostic 

power indication that also provides increased understanding of 

equipment energy consumption. The model measures the volume and 

characteristics of data fl owing through routers in order to calculate the 

cumulative energy consumption across the network. Importantly, the 

model is able to differentiate between different types of traffi c such as 

video and VoIP.

In the past telecommunications networks have been built without regard 

to their energy-effi ciency. The research team showed how the model 

can be used to measure energy consumption across different data paths 

through a network. The ability to model different data paths will provide 

service providers an opportunity to choose the most energy effi cient path 

for data services. 

The work demonstrated by CEET forms the basis of emerging 

international standards to reduce the carbon footprint of the 

telecommunications industries.

Further information about the demonstration can be found on page 20.
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RESEARCH PROJECT REPORT

The Cloud: Cloud Computing and Content Distribution

The convergence of advances 

in personal computing and the 

widespread availability of high-

speed broadband access have 

led to an explosion in demand for 

“anywhere, anytime” access to a 

plethora of data and information 

services provided via the Internet. 

Some of these services provide 

users access to signifi cant storage 

and processing power supported 

by infrastructure in large data 

facilities located around the globe. 

This infrastructure is commonly 

referred to as “the cloud”, and 

the process of remotely storing, 

accessing and processing data is 

known as “cloud computing”. 

Cloud computing offers many 

advantages over conventional local 

computing. Key among these is 

that resources and infrastructure 

provided by cloud computing are 

pooled and allocated to users as 

required, and then returned to 

the pool at the end of a user’s 

session. This leads to effi cient 

utilisation and economies of scale 

in provision of data computation 

and storage. 

Previous research into the energy-

effi ciency of cloud services has 

focused on the energy savings 

cloud computing can provide 

small to large enterprises when 

undertaking their daily business 

transactions. Although these 

studies demonstrate signifi cant 

energy savings, they generally 

fail to account for recent trends 

of cloud computing. Over recent 

years cloud computing services 

have been expanding from the 

enterprise into the consumer 

market. This growth in the cloud 

market has been accompanied 

by a growth in popularity of 

consumers accessing the cloud 

wirelessly. To take these changes 

into account, the analysis of cloud 

energy consumption must also 

include the power consumption 

involved in transporting the data 

between the user and the cloud 

data centre. This power includes:

/ User’s Device: PC, smartphone, 

tablet, laptop

/ Broadband Access Technology: 

Fixed (wired), 3G/4G LTE (mobile) 

and WiFi (local)

/ Network equipment in the long 

distance communications links 

and between the user and the 

data centre (which may be local or 

overseas).

Cloud Computing

With the growth in demand 

for cloud services more data 

will be transported through the 

telecommunications network. 

Therefore determining the 

most energy-effi cient paths 

and network architectures for 

cloud computing and content 

distribution will become a 

priority for network planners and 

providers.

The project team at CEET has 

shown that in some situations, 

the energy consumption of data 

transport in the network can 

become a signifi cant component 

in the energy for cloud computing. 

The consequence of this is that 

transport energy costs need to be 

considered if an accurate estimate 

is to be made of the energy 

impact of cloud computing. 

In the past year the team 

developed a model that estimates 

the energy consumption 

of interactive cloud-based 

services such as Google Docs 

and Microsoft 365. The model 

accounts for different access 

network technologies such as 

Ethernet, WiFi and 3G/4G LTE as 

well as the energy consumed in 

the transport of the data through 

the networks that connect the 

user to the cloud data centres. 

The team compared the energy 

consumption of using cloud-

based offi ce applications with 

local processing. This comparison 

shows that the use of interactive 

cloud services is not always the 

most energy effi cient option 

for activities such as document 

composition.

The results were presented in 

the paper Energy Consumption 

of Interactive Cloud-Based 

Document Processing 

Applications at the IEEE 

International Conference on 

Communications (ICC) in 

Budapest, Hungary in June 2013.  

Content Distribution

Today content is increasingly 

being distributed from localised 

regional cache servers. Facebook 

is a typical example of a content 

distribution network. Millions of 

pictures are uploaded to Facebook 

daily from around the globe. To 

understand the energy required 

to transport this data, the team 

undertook a series of tests for 

measuring the traffi c generated 

while performing the popular 

tasks of uploading photos from a 

notebook. This modelling showed 

that the energy consumption 

of the transport of photos from 

Facebook users around the 

world is approximately 50% of 

the total of Facebook’s reported 

data centre 2012 annual energy 

consumption.

The team is constructing a 

nano data centre test-bed to 

emulate the performance of a 

small-scale CDN. The test-bed is 

based on Raspberry Pis (micro-

computers) used as servers. The 

aim of the test-bed is to emulate 

the performance and energy 

consumption for a variety of CDN 

architectures and services. 

DOCUMENT

THE CLOUD

DATA TRAFFIC
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The Cloud: Cloud Computing and Content Distribution (cont.)

The Internet of Things 

The next evolutionary step for 

the Internet is expected to be 

the “Internet of Things” (IoT). In 

the IoT, many millions or billions 

of small “machines” will be 

connected to the Internet to 

enable monitoring and actuation of 

many facets of daily life. Many of 

these machines will communicate 

with other machines (so called 

Machine to Machine, or M2M, 

communications) to provide a 

variety of useful services. 

Forecasts of the deployment of 

M2M sensors and machines over 

coming years range from 12.5 

billion devices by 2020 to 50 billion 

by 2021. The market for M2M is 

estimated to be around $1 Trillion, 

with some forecasts predicting 

much more, by 2020. 

With the expectation that the IoT 

will be ubiquitous and planet wide 

as well as having many machines 

per person, it is important we 

ascertain the potential impact of 

the IoT on energy consumption of 

the networks that will support IoT 

services.

Although the current expectation 

is that most of the machines 

that will be deployed in the IoT 

will communicate at relatively 

low data rates, the IoT is very 

embryonic and it is very diffi cult 

to make defi nite predictions as to 

its evolution. Therefore this project 

is constructing energy models 

for a range of possible evolution 

scenarios for the IoT in the energy 

models it is developing.

The Power of Wireless 

Cloud : White Paper

The team studied the energy 

consumption of wireless access 

to cloud services and released 

the fi ndings in the CEET white 

paper The Power of Wireless 

Cloud in April 2013. The team 

showed how the rapid growth 

in wireless access to cloud 

services by consumers will result 

in a signifi cantly different energy 

consumption profi le compared to 

that of traditional enterprise cloud 

services.  

Early cloud services focused on 

using the cloud to replace in-

house enterprise networks based 

on wired (LAN) technologies. It is 

well understood in the industry 

that this concept can result in 

signifi cant improvements in 

energy effi ciency. The white paper 

addressed the question of energy 

consumption associated with 

wireless devices, such as laptops, 

tablets and smartphones, when 

accessing cloud services. The use 

of wireless access technologies 

will increase as cloud services 

expand from the enterprise 

market to also providing consumer 

services.

The writing of the report was 

motivated by the explosive growth 

we are now seeing in wireless 

access to cloud services, and a 

need to understand the energy 

implications of using wireless 

to access cloud services as 

these services expand into the 

consumer market. Until the 

publication of this white paper, 

discussion of energy consumption 

by cloud services almost 

exclusively focused on enterprise 

cloud services accessed via wired 

connections.

Previous analysis and current 

debate on making cloud services 

more energy effi cient is misguided 

by focussing on data centres and 

ignores the massive impact of 

wireless cloud growth.

If current trends continue, by 

2015 the energy consumption of 

wireless access technologies will 

represent approximately 90% of 

the overall annual wireless cloud 

service energy consumption. 

Industry must focus efforts on 

making cloud services more 

energy-effi cient, including 

developing more energy-effi cient 

wireless network technologies.

CEET Researchers

/ Arun Vishwanath 

/ Chrispin Gray 

/ Fatemeh Jalali 

/ Kerry Hinton (Project Lead)

/ Leith Campbell

/ Olivia Zhu 

/ Peter Wang

/ Rob Ayre 

/ Rod Tucker 

/ Tansu Alpcan 

/ Tony Lin 

Bell Labs Collaborators

/ Jaime Llorca 

Alcatel-Lucent 

Collaborators

/ Grant Underwood 
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Internet Services Energy Modelling and Assessment

The reporting of carbon emissions 

by large corporations is becoming 

a requirement in a number 

of countries from around the 

globe. Many companies are 

now undertaking energy audits 

to fulfi l their corporate reporting 

requirements, particularly with 

regard to corporate sustainability 

reporting to stakeholders. In early 

2013 the European Union passed 

legislation that large businesses 

must undertake energy use audits 

every four years and report on 

their energy effi ciency gains.

Corporations that are heavy 

users of ICT infrastructure and 

services will have to include the 

energy consumption of these 

activities in their reports. Typically 

these services are provided 

by telecommunication service 

providers. Therefore these 

providers will, in turn, need to 

measure the energy consumption 

of the products and services 

they provide to their corporate 

customers. To provide these 

reports, telecommunication 

companies require a systematic 

energy audit framework to 

quantify the energy consumption 

of the equipment in their network 

that provides services to each of 

their corporate customers.

This project is developing 

a vendor agnostic non-

propriety energy model and 

assessment methodology for 

telecommunication network 

service providers to ascertain 

the energy consumption of the 

services they provide. 

In the past year, the team 

constructed a set of foundational 

models for assessing the use-

phase power consumption and 

carbon dioxide emissions of 

telecommunication network 

services. Because collecting 

measurement information of 

power consumption and traffi c 

in telecommunication networks 

is a challenging task, several 

models were designed to 

accommodate the amount of 

network information available. As 

the detail of network information 

decreases, the corresponding 

models produced potentially 

larger estimation errors. Therefore, 

the researchers examined the 

accuracy of the models under 

various network scenarios using 

two approaches: 

1 / a comprehensive sensitivity 

analysis through simulations; and 

2 / a case study of a real network 

(California Research and Education 

Network or CaIREN)

Both approaches showed that 

the accuracy of the models 

depend on the network size, the 

total amount of network service 

(service under assessment) traffi c 

in the network, and the number 

of network nodes that are used to 

provide the service.

The results were published in 

the Environmental Science & 

Technology Journal in December 

2012. The paper is titled 

Methodologies for Assessing the 

Use-phase Power Consumption 

and Greenhouse Gas Emissions 

of Telecommunications Network 

Services.

The team is continuing 

to develop and validate 

comprehensive energy 

methodologies for assessing 

the energy consumption of 

telecommunication networks and 

services. The energy assessment 

methodologies will be validated 

using publicly available network 

datasets from CalREN as well 

as confi dential commercial 

network datasets provided 

by network service providers. 

Energy models developed in 

this project will be presented 

for future standardisation via the 

GreenTouch consortium via the 

Energy Metrics for Users (EMU) 

project within the Services, 

Policies and Standards (SPS) 

working group. 

CEET Researchers

/ André Gygax 

/ Chien Aun Chan

/ Chris Leckie

/ Elaine Wong 

/  Thas Nirmalathas (Project Lead)

Bell Labs Collaborators

/ Dan Kilper (until Dec. 2012) 

Alcatel-Lucent 

Collaborators

/ Gilbert Buty
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Router Power Measurements

At its heart, the Internet is an 

incredibly complicated array 

of interconnected computers. 

The Internet uses an extensive 

network of switches, routers, and 

transmission systems to direct 

traffi c between these computers. 

Although most of the energy 

consumed in running the Internet 

is in the last link to the customer 

(wired access and wireless 

access networks), the power 

consumption in the core network 

occurs in a limited number of very 

large energy hungry switches and 

routers.

In order to mitigate this rise in 

energy consumption, we need to 

devise new network architectures 

and policies for routing traffi c 

through the network. In particular, 

it is important to understand 

the dependence of the power 

consumption of these switches 

and routers on the volume 

and type of traffi c they handle. 

This project has delivered a 

model describing how the 

power consumption of network 

components depends on these 

traffi c characteristics.

The measurement method 

developed in this project can 

be used on any network switch 

or router, irrespective of its 

manufacturer or the features the 

manufacturer may provide. 

The parameters determined from 

the measurement describe the 

infl uence of data traffi c packet 

sizes and the packet processing 

operations on the energy 

consumption of the switch or 

router. This information enables 

network architects to understand 

how Internet services result in 

different power consumption 

due to their different traffi c 

profi les. Examples include voice 

(VoIP), web browsing, and video 

services. 

Such a model is of great 

signifi cance because it enables 

a unifi ed approach to estimating 

and understanding the power 

consumption of Internet services. 

This, in turn, is required if we are 

to develop strategies for improving 

the energy effi ciency of the 

Internet.

In the past year, the research team 

obtained detailed power profi les 

of a range of routers and switches 

from leading manufacturers. 

During these experiments the 

team measured the equipment 

idle power consumption in 

various confi gurations, and the 

power consumption under traffi c 

loads and traffi c types. Using 

the gathered data the power 

consumption for any traffi c profi le 

can be accurately determined. 

The results were presented 

in the paper Estimating the 

Energy Consumption for Packet 

Processing, Storage and Switching 

in Optical-IP Routers at the Optical 

Fiber Communication (OFC) 

Conference in March 2013.

Universal Router 

Energy Model Demo

In May 2013 the team 

demonstrated the Universal 

Router Energy Model in the 

Australian Broadband Applications 

Laboratory (ABAL), at the 

University of Melbourne. The 

research team showed how the 

results from the measurement 

method can be used in the model 

to assess the energy consumption 

arising from carrying traffi c across 

different paths through a network

The demonstration illustrated how 

the ability to model the power 

consumption of components in 

the different data paths would 

provide service providers an 

opportunity to choose the most 

energy effi cient path for data.

The model was developed 

through the CEET and GreenTouch 

partnership. The Alcatel-Lucent 

router pictured on the right was 

used during the demonstration.

The next steps in this work 

will include investigation of 

the performance of routers 

and validation of the model at 

high traffi c loads and under 

conditions that cause congestion 

at the router. Discussions with 

GreenTouch on the path to 

standardisation of the power 

consumption measurement and 

reporting technique are underway. 

CEET Researchers

/ Arun Vishwanath (Project Lead)

/ Darryl Veitch

/ Kerry Hinton

/ Leith Campbell

/ Rob Ayre

/ Rod Tucker

Alcatel-Lucent 

Collaborators

/ Andrea Francini

/ Shanthi Fernando



21 / CEET ANNUAL REPORT 2013 22 /

RESEARCH PROJECT REPORT

Low-Energy Fibre Access Networks

In this project, CEET is improving 

the energy effi ciency of the 

wireline access network, 

which is currently one of 

the biggest contributors 

to power consumption in 

telecommunications networks. 

Fibre-to-the-Premises (FTTP) 

is widely seen as the next 

generation fi xed access system, 

and has been shown to be the 

most energy effi cient access 

network. A widely used FTTP 

network confi guration is based 

on sharing each fi bre coming out 

of the local exchange (point-to-

multipoint). An example of this 

architecture is the “PON tree” 

component of Australia’s NBN.

The average power consumption 

for current FTTP systems is in 

the order of 10 W/user. While 

FTTP is the most energy effi cient 

access technology available today, 

reducing the power consumption 

of FTTP will have a signifi cant 

impact on the total carbon 

footprint of telecommunications 

services. 

Researching new access network 

confi gurations and technologies 

has shown that, with the right 

technology mix, other access 

network architectures may 

be more energy effi cient than 

traditional point-to-multipoint FTTP. 

In the longer term, beyond 10 

years, when very high access 

speeds will be required by 

businesses and households we 

will most likely adopt a point-

to-point (PtP) architecture. PtP 

provides a dedicated fi bre from 

the exchange to each customer. 

The main goals of this research 

project are to specify, quantify 

and measure a PtP fi bre access 

architecture with the lowest 

possible energy consumption for 

a “greenfi eld” scenario, where 

there is no existing infrastructure. 

The researchers are looking 

toward a PtP FTTP optical access 

network with the lowest energy 

consumption in the order of a few 

hundred mW/user for 100 Mbit/s 

access bitrates. A PtP FTTP has 

one customer for each source in 

the local exchange. 

The outcomes of this project will 

provide solutions and guidelines 

to network developers and 

subscribers on the energy benefi t 

of PtP fi bre access network. 

In conventional optical access 

networks, equipment located at 

both the customers’ premises and 

the local exchange are constantly 

powered-on and consume a 

signifi cant amount of power 

even during low traffi c periods. 

In the past year, the team has 

been focusing on the solutions to 

reduce the power consumption of 

the PtP FTTP by:

1 / Optimising the optical 

technologies for the optical 

transmitter and the photo-receiver; 

and 

2 / Developing equipment that 

can be put into a low-energy sleep 

mode during periods of low traffi c.

 Optimisation of the driving 

electronics and the choice of laser 

source have a signifi cant impact 

on the overall power consumption 

of the optical front-ends. The team 

have investigated the impact on 

the power consumption with the 

use of different laser sources 

and different electronics driving 

circuits. With an optimised design 

for a standard network reach of 

20km and a user access bit rate of 

155Mb/s, the minimal achievable 

power consumption of an optical 

front-end can be at least 10 times 

lower than an off-the-shelf Gigabit 

passive optical network front-end. 

The results were published in the 

IEEE Journal of Communications 

and Networks Energy effi ciency 

of optical transceivers in access 

networks in Septemeber 2012.   

In addition the optimisation of the 

hardware in the optical front-

ends, a complimentary approach 

to achieve power-savings is to 

periodically turn off the network 

equipment during the idle time. 

In order to save power without 

altering the physical hardware, 

software-based power-saving 

mechanisms are the most fl exible 

solution for energy effi ciency 

improvement. CEET researchers 

investigated different operational 

mechanisms that enabled power-

saving in the local exchange 

and the customers’ premises. 

With a combination of different 

power-saving mechanisms, the 

maximum achievable power 

savings per subscriber of PtP and 

point-to-multi-point FTTP systems 

are attained up to 54% and 57%, 

respectively. 

The team’s analysis of the 

trade-off between power 

consumption and additional 

packet delay after applying these 

power-saving mechanisms to 

different optical access networks 

can be used as a guideline for 

achieving energy-sustainable 

optical access networks. The 

results were presented at the 

GreenTouch members meeting 

at Shanghai in May 2013 and in 

the conference paper titled A 

Comparison of Different Sleep 

Mode Mechanisms for PtP and 

TDM-PONs at the International 

Conference on Communication 

workshops (ICC) in June 2013.

This project is contributing to 

the GreenTouch project on “Low 

Energy Fiber Access Architecture”. 

Contributions, together with the 

research fi ndings from other 

GreenTouch research partners, 

help identify the most energy-

effi cient fi bre access architecture 

for the future green wireline 

access.
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Energy-Effi cient Optical Transmission

Ubiquitous broadband generates 

massive amounts of data which 

is transported between nations 

and continents via the core optical 

fi bre communications systems. 

As the demand for data grows, 

these systems must provide ever-

more capacity. An optical fi bre 

communications system consists 

of a highly complex group of fi ve 

inter-connected building blocks:

1 / Encoding the information 

 for transmission

2 / Transmitting the information  

 into the link as an optical signal 

3 / The optical fi bre link which  

 may include amplifi ers and  

 other optical devices

4 / Receiving the optical signal

5 / Decoding the signal to extract  

 the information

Minimising the energy 

consumption of each separate 

block does not produce a viable, 

energy-effi cient communication 

link. The system must be 

optimised as a totality, which 

makes the task of designing an 

energy effi cient high-capacity 

optical link challenging.

Key to achieving high capacity in 

optical fi bre systems has been 

the development of advanced 

modulation formats that enable 

very high data transfer rates 

using available electronics. 

These advanced modulation 

formats enable more data to 

be transmitted over an optical 

fi bre, but at a cost of increased 

complexity in the transmitter 

and receiver. They also require 

specialised encoding and 

decoding of the electronic 

data signal at the transmitter 

and receiver, respectively. This 

increased complexity may also 

increase energy consumption in 

the system. 

This research project investigates 

the energy effi ciencies of 

telecommunication equipment, in 

the core network, with a focus on 

improving the energy effi ciency 

of systems that use advanced 

modulation formats.

The research team is determining 

the optimal trade-off between 

energy effi ciency and spectral 

effi ciency when using advanced 

modulation formats. This involves 

developing detailed energy 

consumption models of the 

various function blocks in the 

transmission system, including 

the optical link, electronic digital 

processing and electronic-to-

optical and optical-to-electronic 

signal conversion. With the 

understanding provided by these 

models, a framework for energy-

effi cient high-capacity optical 

system design can be developed.

In the past year the research team 

has successfully built energy 

consumption models for a range 

of different functional blocks 

used in a transmission system; 

including electronic-to-optical 

and optical-to-electronic signal 

conversion, electronic digital 

processing (at the transmitter and 

receiver) and optical amplifi cation 

along the optical link. The energy 

consumption model for electronic 

digital processing also includes 

models for error correction using 

commonly used codes such as 

Low Density Parity Check codes 

and Reed-Solomon codes. 

Using these models, the 

researchers have performed 

end-to-end energy consumption 

analysis of a transmission system 

and have compared energy 

effi ciency of various advanced 

modulation formats. The results 

show that receiver energy 

consumption dominates in a 

transmission system and that 

spectrally effi cient higher order 

modulation formats can also be 

energy effi cient, due to their lower 

symbol rate.

Results from this work were 

presented at the GreenTouch 

Members meeting in Stuttgart 

in November  2012. This 

presentation focused on the 

impact of code redundancy on 

energy consumption of long-haul 

transmission systems. 

The model for energy 

consumption of Reed-Solomon 

encoding/decoding was used to 

analyse the impact of error control 

on energy-effi cient reliable data 

transfers over optical networks. 

The results were presented at 

International Conference on 

Communications in Budapest in 

June 2013. 
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Wireless Energy Consumption Evaluation

Our mobile telephone and data 

networks rely on transmission 

to users from large wireless 

base stations, which are more 

commonly referred to as “mobile 

phone towers,” after their highly 

visible components. These base 

stations consume a large amount 

of power because each antenna 

on the tower needs to radiate 

radio waves that are strong 

enough to cover a wide area. 

However only a tiny fraction of 

the power in the radio waves is 

picked up by the user’s device (eg 

smartphone, tablet) so most of 

the radiated power is not used. 

Suppliers of telecommunication 

network equipment recognise 

that these large base stations 

are highly energy-ineffi cient. 

Many suppliers have developed 

smaller base station products 

that can deliver services into a 

smaller coverage area but with 

much greater energy effi ciency. 

In addition, technologies in 

mobile base stations have been 

improving, with newer generation 

mobile base stations both large 

and small able to deliver greater 

capacities from an allocated 

wireless spectrum at a lower 

energy cost. These improvements 

have motivated interest in some 

quarters toward updating base 

stations in a shorter time frame 

than has been normal in the 

telecommunications industry. 

Small base stations are especially 

useful to help meet demands in 

areas with high traffi c density or 

population density. These may, 

for example, be deployed in 

shopping centres, sports arenas, 

and accommodation or offi ce 

blocks, or busy CBD areas. A 

commercial example of a small 

base station development is 

the compact modular wireless 

transmitter/receiver lightRadio™ 

cube (pictured above), launched 

by Alcatel-Lucent in 2011. These 

modules can be used singly, or 

in arrays of modules depending 

on traffi c and coverage needs. 

In common with a few other 

products in this class, this 

particular unit also enables the 

signal processing and control 

functions for the wireless 

equipment to be performed 

remotely, in equipment shared 

with a number of other radio units.

In 2012/2013 the project team 

worked on determining the 

potential for a range of wireless 

technology developments to 

lower the energy consumption of 

wireless access networks. These 

include:

Centralisation and 

Virtualisation of Wireless 

Baseband Units

While the high-power amplifi er in 

a large base station dominates its 

power consumption, a signifi cant 

part of the power consumed by 

a small-cell radio is used in its 

signal processing and control 

functions. In many cases, these 

functions for many wireless 

stations can be handled on pooled 

and shared equipment at a central 

site. Whilst this capability is still 

in development and early fi eld 

trial stage, CEET has investigated 

the potential energy savings 

achievable through using centrally-

located and shared base station 

controllers.

Evaluation and Extension 

of the Wireless Network 

Energy Consumption Tool 

(ECT)

CEET has collaborated with 

Alcatel-Lucent to extend the 

capabilities of its Wireless 

Network Energy Consumption 

Toolset. This toolset estimates 

the energy consumption 

benefi ts achieved through the 

use of various types of wireless 

equipment under different 

deployment scenarios. Among 

its contributions, CEET extended 

the tool to demonstrate the 

energy consumption gains from 

putting certain functions to 

“sleep” during periods of low 

traffi c, and extended the tool to 

include a wide range of population 

distributions in the USA, Europe, 

and the Asia-Pacifi c region. 

Beam Steering and 

Co-ordinated Multipoint 

(CoMP) Transmission 

CEET assessed the potential 

for gains in wireless network 

throughput and energy 

consumption through the use 

of a range of other technologies 

being developed in GreenTouch. 

Of immediate interest is the 

potential of steered narrow-beam 

transmission. Instead of spreading 

a base station‘s power across a 

wide geographic region a steered 

beam enables the power to be 

directed in a narrower beam 

toward an end user. This yields 

benefi ts in giving the user a better 

signal, reducing interference 

with signals to other users, 

with an overall improvement in 

network capacity. This leads to a 

gain in capacity for a given radio 

equipment power consumption, 

but this gain needs to be balanced 

against the extra network control 

needs and the associated energy 

costs.

GreenTouch Mobile 

Working Group Reference 

Model Collaboration

In collaboration with GreenTouch 

partners, the group is developing 

computation models to establish 

the throughput and energy 

performance of current and 

proposed wireless network 

technologies. This work has 

focussed initially on current 4G 

LTE networks, and more recently 

work has commenced in analysing 

networks employing a mix of large 

cell and small cell technologies.  
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Energy-Effi cient Low-SNR Wireless

It is well understood that wireless 

access networks are the most 

energy ineffi cient compared 

to other access technologies, 

such as Passive Optical Access 

Networks. Increasing numbers 

of mobile subscribers and 

demand for mobile broadband 

connectivity will see the energy 

consumption of wireless 

mobile networks constituting 

an increasing component of 

the energy consumption of the 

telecommunications sector. 

This project focuses on the 

questions that arise when energy 

consumption is made the primary 

concern in the design of wireless 

mobile networks.

A straightforward solution to low-

energy wireless communication 

is to use a larger bandwidth to 

enable a signifi cant reduction in 

transmitter power. To do this the 

receiver must operate with a low 

signal-to-noise ratio (SNR). The 

negative effects of a low-SNR are 

overcome with additional error-

control coding, which reduces 

transmit spectral effi ciency. 

Although this seemingly wastes 

valuable spectrum, very small 

cell sizes along with frequency 

reuse can overcome the resulting 

bandwidth shortage. Furthermore 

shorter distances between mobile 

terminals and base stations 

also signifi cantly reduces power 

consumption. 

In order to maximise energy 

effi ciency, receivers must be able 

to operate at very low-SNRs. This 

poses new challenges in receiver 

design and implementation. 

The research team draws on its 

expertise in signal processing, 

control and information theory to 

design and analyse practical, low-

SNR receivers that enable highly 

effi cient wireless transmission. 

These low-SNR systems will 

be more computationally 

intensive, and therefore the 

assessment must incorporate 

the computational energy 

consumption when determining a 

minimum energy confi guration.

This project entails redesigning 

and optimising wireless receivers 

for the low-SNR regime, including 

initialisation and tracking of critical 

system parameters. Channel 

coding is also an integral part 

of the project as bit-error rates 

(BERs) will be high when the 

SNR is low. Results of this project 

can later be extended to multi-

user, broadcast, and MIMO 

transmission scenarios.

The project includes modelling 

the performance and energy 

effi ciency of wireless networks. 

Beam forming and beam steering 

provide a base station with the 

ability to form narrow signal 

beams that direct a stronger 

signal to individual users, with less 

interference due to signals from 

adjacent base stations.  Individual 

beams may be fi xed in direction 

but switched on and off so that 

only one signal is being sent at 

any particular time. Alternatively 

each beam may be specifi cally 

steered. This can achieve higher 

system throughput, but this 

must be balanced against the 

associated higher computation 

energy cost. 

In the past year the team has 

completed an extensive review on 

the  timing, frequency and phase 

synchronisation techniques as well 

as equalisation for a fully functional 

digital receiver and the effect of 

low-SNR on their operation. For 

low-SNR operation, the concept 

of an iterative receiver is essential 

where the output of the decoder 

is fed back to the synchroniser and 

equaliser to refi ne their estimates. 

For this purpose, the researchers 

created a computer simulation 

of an end-to-end wireless 

communication system recovering 

the imperfections arising in a 

practical scenario. 

The researchers have calculated 

comprehensive energy budgets 

for existing timing, frequency and 

phase synchronisation schemes 

under both feed-forward and 

feedback scenarios using a variety 

of algorithms. The results of this 

work were presented at the 

GreenTouch Members Meeting in 

Shanghai in May 2013.

This project will provide results 

on the performance and relative 

energy consumption for different 

scenarios in the GreenTouch 

Green Transmission Technologies 

(GTT) project in the Mobile 

Communications Working Group. 

In 2014 the team will develop a 

hardware demonstration platform 

to test the developed algorithms 

and optimised parameters in a 

realistic environment. 
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Fundamental Limits of Electronics and Photonics

Minimising power consumption in 

network elements such as routers 

and switches is an important 

focus for research on energy 

effi ciency in telecommunications. 

These network elements must 

undertake complex digital signal 

processing and computing 

activities implemented by large 

arrays of inter-connected digital 

logic gates. The energy effi ciency 

of these network elements 

is constrained by a range of 

fundamental limitations dictated 

by the laws of nature. These 

laws are described by quantum 

mechanics, statistical physics, 

entropic limitations, information 

theoretical constraints and 

relativistic processes, to name 

a few. All technologies, which 

include those used in ICT and 

the Internet, are subject to these 

constraints.

One fundamental issue in the 

quest to “green” ICT is fi nding 

the most energy effi cient 

technology and/or technology 

mix. A technology must be 

energy effi cient and cost effective 

to be commercially viable. 

Although electronics (particularly 

CMOS) has been the dominant 

technology for digital signal 

processing, over recent years 

alternative technologies, based 

upon photonic interactions have 

attracted signifi cant attention.

Electronic signal processing 

technologies are well developed 

and commercially successful. The 

trend described by “Moore’s Law” 

has been possible because of the 

continued success in reducing 

the power and space demands of 

electronic transistors. However, 

electronic signal processing 

is unlikely to attain processing 

speeds much beyond 100 Gbit/s, 

a limit that is often referred to 

as the “electronic bottleneck”. 

This raises the question of how 

equipment in the Internet will 

cope with the ever-increasing 

signal processing load due to the 

exponential growth of Internet 

traffi c. A widely canvassed 

proposal is to replace electronics 

with all-photonic signal processing 

technologies. This idea is intuitively 

appealing because photonic 

technologies offer the promise 

of signal processing speeds up 

to 10’s Tbit/s, signifi cantly faster 

than CMOS. Also, photonic signal 

processing avoids the need for 

Optical/Electronic/Optical (O/E/O) 

conversion.

As we develop strategies for 

improving the energy effi ciency 

of network equipment (i.e., 

reduce the energy consumed 

per bit) processed we need to 

understand where these limits lie 

to appreciate what further gains 

are available. In this project CEET 

is investigating the limitations 

on reducing network element 

power consumption and size set 

by the fundamental properties 

of electronic and photonic digital 

logic gates. 

During 2012/2013 models that 

describe the power-length 

trade-off for all-photonic signal 

processing based on Highly 

Non-Linear Fibre, Periodically 

Polled Lithium Niobate and 

Semiconductor Optical Amplifi ers 

were developed. These models 

describe this trade-off in terms 

of the fundamental constants of 

nature and other parameters that 

are not readily modifi ed.

These models show that CMOS 

technologies can attain much 

smaller sizes and lower power 

consumption values than will 

ever be attainable by these all-

optical technologies. This means 

electronic CMOS technologies 

will provide the most energy 

effi cient network elements for 

the future Internet.

These results were presented 

at a GreenTouch Workshop on 

fundamental limits to energy 

effi ciency in Shanghai in May 

2013.
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Impact of the National Broadband Network (NBN) 
on the national economy and energy consumption

Next generation broadband 

networks, such as Australia’s 

NBN, are being deployed in 

nations around the world to meet 

future demands for high speed 

broadband and drive economic 

growth. Furthermore, ICT is 

often seen as a major provider of 

energy effi ciencies throughout the 

economy. In December 2012 a 

report titled SMARTer 2020 which 

gives case studies of how ICT and 

broadband services can be used 

to help abate humankind’s carbon 

footprint by 2020. 

In contrast to this, improving 

effi ciency often leads to price 

reductions, which then stimulates 

demand and so increases 

production. This principle, called 

the Khazoom-Brookes Postulate 

or “rebound effect”, is widely 

accepted in economics. In the 

case of the NBN, as broadband 

improves economic effi ciency by 

replacing old business practices 

with new broadband based 

methods, one would expect 

this to drive a corresponding 

increase in economic activity. 

This will drive more consumption, 

which will, in turn, require more 

energy to power the equipment 

and services required to satisfy 

that increase. Therefore, despite 

the improvements in energy 

effi ciency, the deployment of 

nationwide broadband may result 

in increasing economic activity to 

such an extent that it will increase 

national carbon production. 

To date, no detailed study on 

this issue has been reported. 

Researchers at CEET are 

studying the impact on energy 

consumption and carbon footprint 

of the Australian economy, 

resulting from deploying the 

NBN with a focus on the two 

countervailing possibilities of 

increased or reduced carbon 

emissions. The study is 

accounting for the increased 

energy consumption of network 

equipment across the nation as 

demand for broadband grows. 

It also includes energy savings 

resulting from the use of ICT 

in domestic, government and 

industry sectors. 

The research involves applying a 

Computable General Equilibrium 

Model (CGEM) of Australia’s 

economy, developed in Centre of 

Policy Studies based at Monash 

University, to estimate the 

net social, environmental and 

economic impact of a nationwide 

broadband network, including the 

energy consumption and CO2e 

footprint. This CGEM represents 

the Australian economy via 

interactions between a collection 

of industry, government and 

consumer sectors. Each of 

these sectors is represented 

within 13 geographical regions 

across the nation. The model 

also encompasses the Khazoom-

Brookes Postulate to estimate the 

net effect of an NBN on energy 

consumption and related CO2e 

emissions.

The model is being developed 

on publicly available reports and 

statistics. Often these reports do 

not provide the precise numerical 

values required for the CGEM 

industry sectors and regions. 

Therefore, a signifi cant amount 

of careful work is required to map 

from the available data to numbers 

that can be used in the CGEM. 

This mapping process has been 

progressing during 2012/2013 and 

the fi rst set of values has been 

determined for the model.

Further, due account must 

be made for the existing 

telecommunications infrastructure, 

in particular ADSL2+ deployment 

across the nation.

The results from initial test-runs 

of the model indicate that the 

NBN is likely to drive economic 

growth, particularly in rural areas 

where broadband is not currently 

available. These initial test-runs are 

now to be “stress-tested” and the 

model is being further refi ned.
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EDUCATION
Telstra’s Energy Matters Community of Practice and 
CEET’s Energy-Effi cient Networking Graduate Course

AWARDS
B-HERT

CEET, in conjunction with Telstra, presented an Advanced Studies Unit 

Energy-Effi cient Networking during Semester 2 of 2012. The course 

offered graduate Engineering students at the University of Melbourne 

36 hours of lectures, project work and a fi eld visit to introduce them 

to the principles and practices of energy effi cient technologies for 

telecommunications. 

The Advanced Studies Unit was unique in that students in the course 

undertook team based project work under the guidance of network 

engineers provided by Telstra. The close collaboration between CEET and 

Telstra provided the students with “hands on” experience of working on 

real-world projects and solutions for a commercial telecommunications 

company. 

The reports produced by the students’ projects were presented to Telstra 

management, vendor representatives and staff during one of Telstra’s 

Energy Matters Community of Practice (EM CoP) monthly seminars. A 

survey of the Telstra staff who attended the EM CoP seminar indicated 

that the Energy Effi cient Networks project presentations by the 

graduate students were considered some of the most valuable EM CoP 

presentations of 2012. 

The course material was jointly presented by several CEET Research 

Fellows and Telstra network engineers, to provide students with an 

understanding of both the theoretical and commercial considerations in 

respect of energy effi cient networking. 

The outcomes of the course provided the students with commercial 

world experience in telecommunications network energy-effi ciency 

practices as well as providing Telstra with valuable research project 

outcomes. 

21 graduate students, 7 Telstra employees and 8 CEET staff participated 

in the unit. The Telstra employees and CEET staff co-supervised the 

project work of the graduate students. Telstra and CEET staff presented 

lecture material for the unit.

The Business/Higher Education Round Table (B-HERT) is a not-for-profi t 

organisation that was established in 1990 to strengthen the relationship 

between business and higher education. They are the only organisation 

with members who are leaders in higher education, business, industry 

bodies and research institutions. 

On 8 November 2012 the Minister for Tertiary Education, Skills, Science 

and Research, Senator the Hon Chris Evans presented CEET and Alcatel-

Lucent the prestigious Outstanding Achievement in Collaboration in 

Research & Development at the 2012 Business/Higher Education Round 

Table. 

After winning the award, Alcatel-Lucent Australian President and 

Managing Director, Sean O’Halloran said, “Energy effi ciency is a major 

and growing challenge for our industry and won’t be overcome without 

collaboration. This is great recognition for the CEET team and further 

indication that the Australian ICT sector can be a major focal point in the 

global race to reduce the internet power drain.”

This award follows Alcatel-Lucent being recognised for their work in 

energy effi cient telecommunications research through the partnership 

and investment in CEET by winning the 2012 ACOMMS Environmental 

Responsiblity Award.

Left to right: André Gygax, Chris Leckie, Kate Cornick, Chris Evans, Kat Franks, Tim Marshall and Simon Harriss.

Photo credit: B-HERT, Leisa Hunt.

CEET Director, Rod Tucker (centre) 

with course awards recipients and 

stakeholders.



35 / CEET ANNUAL REPORT 2013 36 /

INDUSTRY EVENT
The Australian Energy-Effi cient Internet Summit

On 18 September 2012 the Australian Information Industry 

Association (AIIA), Alcatel-Lucent and the Centre for Energy-Effi cient 

Telecommunications (CEET) hosted the Australian Energy-Effi cient 

Internet Summit at the University of Melbourne.

The Summit highlighted the energy-related challenges facing the ICT and 

telecommunications sector, and its customers, and explored collaborative 

approaches for improving the energy effi ciency of the Internet.

Bob Hayward, a keynote speaker at the event and a national 

board member of AIIA said, “Collaboration across the IT and 

telecommunications sector can help delay or even avoid the impending 

growth in energy consumption by ICT as the world becomes more 

digital. At the same time we must never forget that using ICT almost 

always reduces the overall environmental impact throughout the 

economy. For example, procuring digital services online is a far better 

environmental outcome than the alternatives.” 

Recognising the complex interconnected nature of the network and 

ICT environment, the Summit brought together equipment and system 

vendors, operators, service and application providers and academics to 

explore how different network elements contribute to network energy 

consumption and the various approaches that could be taken to improve 

their effi ciency.

Speakers included:

/  Seán O’Halloran, President and Managing Director, 

 Alcatel-Lucent Australia

/  Bob Hayward, Board Director, AIIA 

/  Thas Nirmalathas, Professor, CEET Project Lead - Internet Services   

 Energy Modelling and Assessment

/  Kerry Hinton, Principal Research Fellow, CEET Deputy Director

“A greener future for our internet ecosystem” Panelists included:

/  Craig Baty, CTO, Fujistu

/  Matt Healy, Regulatory & Government at Macquarie Telecom and a   

 Director of OzHub

/  Peter Hormann, Enterprise Architect for Energy Effi ciency at Telstra 

Left to right: Tim Marshall, Seán O’Halloran, Craig Baty, Peter Hormann, Matt Healy, Kerry Hinton, Chris Leckie and Thas Nirmalathas.

Left to right: Simon Harriss, Anthony O’Shea and Mark Gregory. Left to right: Matt Healy, Seán O’Halloran and Tim Marshall.
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2012 Communications Alliance and CommsDay Awards winners announced

RustReport, 30 July 2012

http://www.rustreport.com.au/issues/latestissue/2012-communications-alliance-and-commsday-awards-winners-announced/

Alcatel-Lucent backs summit to tackle “internet energy crisis”

Communications Day, 30 July 2012

Alcatel-Lucent calls for greater Internet energy effi ciency

TechnologySpectator, 30 July 2012

http://www.technologyspectator.com.au/alcatel-lucent-calls-greater-internet-energy-effi ciency

The Internet: the great energy guzzler

ExchangeDaily, 6 August 2012

Telecoms tipped to take 10 percent of global energy

iTWire, 7 August 2012

http://www.itwire.com/it-industry-news/strategy/56094-telecoms-tipped-to-take-10-percent-of-global-energy

RadioNational Future Tense: Death, Data and Our Digital Legacy

ABC Radio, 12 August 2012

http://www.abc.net.au/radionational/programs/futuretense/death2c-data-and-our-digital-legacy/4172636

AIIA, Alcatel-Lucent, CEET to host summit on energy-effi ciency

CommsDay, 27 August 2012

Why collaboration is central to Alcatel-Lucent’s green innovation

smartplanet, 30 August 2012

http://www.smartplanet.com/blog/business-brains/why-collaboration-is-central-to-alcatel-lucents-green-innovation/25992

The Internet is sapping the world’s energy, so let’s improve it

The Conversation, 6 September 2012

http://theconversation.edu.au/the-internet-is-sapping-the-worlds-energy-so-lets-improve-it-9335

The Internet power drain

TechnologySpectator, 6 September 2012

http://technologyspectator.com.au/internet-power-drain

EnergyFactsWeekly: Welcome to Earth Where Networks Gobble Power – and Coal

Third Millennium Times, 10 September 2012

http://thirdmillenniumtimes.com/energyfactsweekly-welcome-to-earth-where-networks-gobble-power-and-coal/

Consumer cloud tipped to hit energy consumption

CommsDay, 19 September 2012

Is the Cloud Turning Green?

Technically Speaking, 26 September 2012

http://blog.advaoptical.com/is-the-cloud-turning-green/

Open innovation and collaboration win for energy effi ciency

GreenTouch, 21 Nov 2012

http://www.greentouch.org/index.php?page=blg_201211

BHERT Awards for Melbourne researcher and research team

MUSSE, November 2012

http://musse.unimelb.edu.au/november-12-99/bhert-awards-melbourne-researcher-and-research-team

R&D Collaboration land CEET a B-HERT Award

Melbourne School of Engineering, 9 November 2012

http://themelbourneengineer.eng.unimelb.edu.au/2012/11/rd-collaboration-land-ceet-a-b-hert-award/

CEET, Alcatel-Lucent Win R&D Award

CommsDay, 12 November 2012

How IT will evolve to photonics

Professor Rod Tucker charts a course to the all-optical, low-energy future

The Register, 26 November 2012

http://www.theregister.co.uk/2012/11/26/interview_rod_tucker/

Energy Matters at Telstra and the University of Melbourne

Telstra Exchange: Community, 17 December 2012

http://exchange.telstra.com.au/2012/12/17/energy-matters-at-telstra-and-the-university-of-melbourne/

Our mobile devices are are energy hogs

Pasadema Star-News, 1 January 2013

http://www.pasadenastarnews.com/editorial/ci_22301938/our-mobile-devices-are-energy-hogs

Toward Reducing the Greenhouse Gas Emissions of the Internet and Telecommunications

Science Daily, 2 January 2013

http://www.sciencedaily.com/releases/2013/01/130102140452.htm

Helping The Internet Become More Environmentally Friendly

Big Think, 2 January 2013

http://bigthink.com/ideafeed/helping-the-internet-become-more-environmentally-friendly

Toward reducing the greenhouse gas emissions of the Internet and telecommunications

Phys.Org, 2 January 2013

http://phys.org/news/2013-01-greenhouse-gas-emissions-internet-telecommunications.html

Toward Reducing the Greenhouse Gas Emissions of the Internet and Telecommunications

Eco-Business, 2 January 2013

http://www.eco-business.com/news/toward-reducing-the-greenhouse-gas-emissions-of-the-internet-and-telecommunications/

New models to curb greenhouse gases in ICT proposed

The Times of India, 3 January 2013

http://articles.timesofi ndia.indiatimes.com/2013-01-03/infrastructure/36130263_1_new-models-ict-energy-consumption

New Model ‘may help reduce greenhouse gas emissions of Internet and telecom [Asian News Internationsl]

Contact Center Solutions Community, 3 January 2013

http://callcenterinfo.tmcnet.com/news/2013/01/03/6826254.htm



39 / CEET ANNUAL REPORT 2013 40 /

MEDIA 
(continued)

Models Show That Internet Produces Vast Amounts of Greenhouse Gas

redOrbit, 3 January 2013

http://www.redorbit.com/news/science/1112756793/internet-produces-greenhouse-gas-010313/ 

Mobile devices are energy hogs

The Korea Times, 3 January 2013

http://www.koreatimes.co.kr/www/news/opinon/2013/01/197_128249.html

The Internet is Gassy

Discovery News, 4 January 2013

http://news.discovery.com/earth/internet-as-gassy-as-aviation-but-improving-other-techs-emissions.html

Reducing Internet and telecom greenhouse gases

Kurzweil, 4 January 2013

http://www.kurzweilai.net/reducing-internet-and-telecom-greenhouse-gases

Telecom Industry Poised to Surpass Aviation in CO2 Production

The Green Optimistic, 4 January 2013

http://www.greenoptimistic.com/2013/01/04/telecom-industry-co2-production-aviation/#.UOn6Jo4rxSU

Internet emits 830 million tonnes of carbon dioxide

The Economic Times, India Times, 6 January 2013

http://economictimes.indiatimes.com/tech/internet/internet-emits-830-million-tonnes-of-carbon-dioxide/articleshow/17911851.cms

Web CO2 emission same as aviation industry

The Indian Express, 7 January 2013

http://www.indianexpress.com/news/-web-co2-emission-same-as-aviation-industry-s-/1055486/

Reducing telecommunication’s carbon emissions

CommsWire, 18 January 2013

The Policy Puzzle 

Express Computer, 19 March 2013

http://computer.fi nancialexpress.com/features/1185-the-policy-puzzle

Fresh air cools, Telstra, Optus mobile sites

Computerworld, 12 March 2013

http://www.computerworld.com.au/article/456060/fresh_air_cools_telstra_optus_mobile_sites/

Wireless is the ‘energy monster’ of cloud computing: Experts

ZDNet, 9 April 2013

http://www.zdnet.com/au/wireless-is-the-energy-monster-of-cloud-computing-experts-7000013718/

Your Insatiable Thirst for Wireless Data is What’s Killing The Planet

ReadWrite, 9 April 2013

http://readwrite.com/2013/04/09/the-real-cloud-computing-energy-villain-is-not-the-data-centre

The power of wireless cloud

Australian PolicyOnline, 9 April 2013

http://apo.org.au/research/power-wireless-cloud

Wireless is ‘ineffi cient’ for cloud computing

Kroll Ontrack, 9 April 2013

http://www.krollontrack.co.uk/company/press-room/data-recovery-news/wireless-is-ineffi cient-for-cloud-computing502.aspx

Massive energy cost hidden in wireless cloud boom

WhaTech, 10 April 2013

http://www.whatech.com/members-news/telecommunications/14223-massive-energy-cost-hidden-in-wireless-cloudboom

Mobile cloud sucks power grid harder than data centers

arstechnica, 10 April 2013

http://arstechnica.com/information-technology/2013/04/mobile-cloud-sucks-power-grid-harder-than-data-centers/

The Datacenter Energy Bill Meets Its Match

21cit, 10 April 2013

http://www.21cit.com/author.asp?section_id=2895&doc_id=261912

Smaller cell systems needed for power hungry 4G networks: CEET

Computerworld, 11 April 2013

http://www.computerworld.com.au/article/458728/smaller_cell_systems_needed_power_hungry_4g_networks_ceet/

Smaller cell systems needed for power hungry 4G networks: CEET

CIO, 11 April 2013

http://www.cio.com.au/article/458728/smaller_cell_systems_needed_power_hungry_4g_networks_ceet/?utm_medium=rss&utm_

source=taxonomyfeed

Cloud and wireless to drastically impact on power consumption: report

Technology Spectator, 11 April 2013

http://www.businessspectator.com.au/news/2013/4/11/technology/cloud-and-wireless-drastically-impact-power-consumption-report

Graph of the Day: Insatiable energy appetite of cloud computing

REneweconomy, 11 April 2013

http://reneweconomy.com.au/2013/graph-of-the-day-insatiable-energy-appetite-of-cloud-computing-38612

Massive energy cost hidden in the cloud

ITWire, 11 April 2013

http://www.itwire.com/business-it-news/technology/59421-massive-energy-cost-hidden-in-the-cloud

Massive energy cost hidden in wireless cloud boom

Phys.Org, 11 April 2013

http://phys.org/news/2013-04-massive-energy-hidden-wireless-cloud.html

Forget Green Data Centers: Where is the ‘Green Cloud’?

TMCnet, 11 April 2013

http://www.tmcnet.com/channels/call-center-software/articles/333932-forget-green-data-centers-where-the-green-cloud.htm

The Real Power Suckers are Mobile Clouds, Not Datacenters

TalkCloudComputing blog, 11 April 2013

http://talkcloudcomputing.com/the-real-power-suckers-are-mobile-clouds-not-datacenters/

Study Finds Intensive Power Usage Incline Thanks to Wireless Cloud

SBWire, 11 April 2013

http://www.sbwire.com/press-releases/study-fi nds-intensive-power-usage-incline-thanks-to-wireless-cloud-236507.htm

4G and wi-fi  networks bigger cloud energy users than datacenters

ZDNet, 12 April 2013

http://www.zdnet.com/4g-and-wi-fi -networks-bigger-cloud-energy-users-than-datacentres-7000013940/

Cell Networks Are Energy Hogs

The Atlantic, 12 April 2013

http://www.theatlantic.com/technology/archive/2013/04/cell-networks-are-energy-hogs/274961/

Warning! Wireless networks are energy monsters

SmartGridNews.com, 12 April 2013

http://www.smartgridnews.com/artman/publish/Technologies_Communications/Warning-Wireless-networks-are-energy-monsters-5681.

html#.UX9FdJWA2-K

Think Cloud Computing is ‘Green’? Not Really, Researchers Say

EnergyViewpoints, 12 April 2013

http://www.energyviewpoints.com/think-cloud-computing-is-green-not-really-researchers-say/

The hidden energy costs in the wireless cloud

smartplanet, 12 April 2013

http://www.smartplanet.com/blog/bulletin/the-hidden-energy-costs-in-the-wireless-cloud/17469
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The Last Mile and “the energy monster of cloud computing”

Server Technology, 12 April 2013

http://info.servertech.com/blog/bid/146304/The-Last-Mile-and-the-energy-monster-of-cloud-computing

CEET report nails wireless as energy monster

Phys.Org, 13 April 2013

http://phys.org/news/2013-04-ceet-wireless-energy-monster.html

Data Centers Aren’t the Problem with Energy Usage- Mobile Technology Is

Green Data Center Blog, 13 April 2013

http://greendatacenterconference.com/blog/data-centers-arent-the-problem-with-energy-usage-mobile-technology-is/

CEET report nails wireless as energy monster

Science & Technology World, 14 April 2013

http://en.twwtn.com/Information/24_28790.html

Wireless technology and cloud computing are ‘energy monsters’

blud&green tomorrow, 14 April 2013

http://blueandgreentomorrow.com/2013/04/14/wireless-technology-and-cloud-computing-are-energy-monsters/

Wireless networks the new energy hogs

Northwest Environmental Advocates, 14 April 2013

http://northwestenvironmentaladvocates.org/2013/04/are-wireless-networks-the-new-energy-hogs/

Are we misjudging the cloud’s environmental impact?

Cloudtech, 15 April 2013

http://www.cloudcomputing-news.net/news/2013/apr/15/are-we-misjudging-clouds-environmental-impact/

Massive Energy Cost and Sustainability “Time Bomb” Hidden in Wireless Cloud Boom

SmartGrid Electronics.Net, 15 April 2013

http://www.smartgridelectronics.net/2013/04/massive-energy-cost-and-sustainability-time-bomb-hidden-in-wireless-cloud-boom/

Hidden energy costs make the wireless cloud bad for the planet

ZDNet, 15 April 2013

http://www.zdnet.com/hidden-energy-costs-make-the-wireless-cloud-bad-for-the-planet-7000014011/

Cloud and wireless to drastically impact on power consumption: Australian report

EMFacts, 15 April 2013

http://www.emfacts.com/2013/04/cloud-and-wireless-to-drastically-impact-on-power-consumption-australian-report

Wireless cloud chews energy

ITWeb, 16 April 2013

http://www.itweb.co.za/index.php?option=com_content&view=article&id=63282

Forget Data Centers, Wireless Cloud is Real Energy Hog, says Report

Energy Manager Today, 16 April 2013

http://www.energymanagertoday.com/forget-data-centers-wireless-cloud-is-real-energy-hog-says-report-091015/

Cloud Wireless Access Burns More Energy Than Data Centres – Report

TechWeek Europe, 16 April 2013

http://www.techweekeurope.co.uk/news/cloud-wireless-energy-use-data-centre-113227

Time to ‘Upset the Apps Cart’-or Energy Use and CO2 Will Spiral Out of Control

InfoTech, TMCnet, 17 April 2013

http://cloud-communications.tmcnet.com/articles/334637-time-upset-apps-cart-or-energy-use-co2.htm

Sorry, the wireless cloud isn’t green – it’s an energy monster

The Conversation, 22 April 2013

http://theconversation.com/sorry-the-wireless-cloud-isnt-green-its-an-energy-monster-13295

Wireless is the Real Energy Hog, Not the Data Center

InfoTech, 22 April 2013

http://data-center-power.tmcnet.com/articles/335117-wireless-the-real-energy-hog-not-data-center.htm

Wireless networks cast huge shadow on cloud energy usage

greentelecomlive, 22 April 2013

http://www.greentelecomlive.com/2013/04/22/wireless-networks-cast-huge-shadow-on-cloud-energy-usage/

HP’s Moonshot Could Lower Cloud Computing Costs

sys-con, 22 April 2013

http://www.sys-con.com/node/2622756

cloud energy use - don’t forget the wireless network by peter judge

Green DataCenter News, 22 April 2013

http://www.greendatacenternews.org/articles/579081/cloud-energy-use-dont-forget-the-wireless-network-/

Busting the Cloud’s energy saving myth

Technology Spectator, 23 April 2013

http://www.businessspectator.com.au/article/2013/4/23/technology/busting-clouds-energy-saving-myth

The dirty cost of wireless devices

ABC Radio: The World Today, 23 April 2013

http://www.abc.net.au/worldtoday/content/2013/s3743240.htm

Cloud Vs Data Center Energy Consumption: CEET Report

The Data Center Journal, 23 April 2013

http://www.datacenterjournal.com/the-daily-buzz/cloud-energy/

Wireless Network redesign could cut carbon pollution

ABC News, 23 April 2013

http://www.abc.net.au/news/2013-04-23/wireless-network-redesign-could-cut-carbon-pollution/4646390

Wireless networks cast a shadow over ‘green’ cloud services

the GreenITreview, 24 April 2013

http://www.thegreenitreview.com/2013/04/wireless-networks-cast-shadow-over.html

Wireless vs. Data Centers: Which Consumes More Energy?

AmericanIS Eneterprise-Class Data Center Services, 25 April 2013

http://www.americanis.net/2013/wireless-vs-data-centers-which-consumes-more-energy/

Networks Are more Green Than You Think

TechWeek europe, 7 May 2013

http://www.techweekeurope.co.uk/comment/memset-network-green-energy-115510

CEET Researchers demonstrate breakthrough effi ciency tool

CommsDay, 24 May 2013

Australia at the centre of network energy effi ciency research

iTWire, 24 May 2013

http://www.itwire.com/business-it-news/networking/59993-australia-at-the-centre-of-network-energy-effi ciency-research

CEET trials new tool to combat network energy effi ciency

Technology Spectator, 24 May 2013

http://www.businessspectator.com.au/news/2013/5/24/technology/ceet-trials-new-tool-combat-network-energy-effi ciency

Australia at the center of network energy effi ciency research

CommsWire, 24 May 2013

Google Says: Save Energy, Ditch Your Data Center

Forbes, 6 June 2013

http://www.forbes.com/sites/michaelkanellos/2013/06/06/google-says-save-energy-ditch-your-data-center/2/

Conference Highlights: How Green is the Internet?

Data Center Knowledge, 7 June 2013

http://www.datacenterknowledge.com/scenes-from-how-green-is-the-internet/
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Journal Articles

Ka-Lun Lee, Behnam Sedighi, Rodney S. Tucker, HungKei (Keith) Chow, Peter Vetter, “Energy Effi ciency of 

optical transceivers in fi ber access networks” Journal of Optical Communications and Networking, IEEE/

OSA, Vol. 4, Issue 9, Sept. 2012. 

Michael Feng, Kerry Hinton, Rob Ayre, Rodney Tucker, “Network Energy Effi ciency Gains through 

Coordinated Cross-Layer Aggregation and Bypass” Journal of Optical Communications and Networking, 

IEEE/OSA, Vol. 4, Issue 11, Nov. 2012. 

Kerry Hinton, “Challenges of a Sustainable Information Age” Telecommunications Journal of Australia, 

Vol.62, No 5, Dec. 2012.

C.A. Chien, A.F. Gygax, E. Wong, A. Nirmalathas, C.A. Leckie, and D. Kilper, “Methodologies for Assessing 

the Use-phase Power Consumption and Greenhouse Gas Emissions of Telecommunications Network 

Services” Environmental Science & Technology Journal, Vol. 47, Issue 1, Dec. 2012

C. A. Chan, A. Nirmalathas, E. Wong, A. F. Gygax, C. A. Leckie, and D. Kilper, “Towards an energy star rating 

system for telecommunications” Telecommunications Journal of Australia, Vol.62, No 5, Jan. 2013. 

H. Khodakarami and W. Shieh, “On the Energy Effi ciency of Modulation Formats for Optical 

Communications” Photonics Technology Letters, IEEE, Vol. 25, Issue 3, Feb. 2013.

Conference Papers

T. Pfau, B. Krongold, S.C.J. Lee, and N. Kaneda, “Comparison of bandwidth expansion methods for optical 

transmission systems” Opto-Electronics and Communications Conference (OECC), Busan, Korea, Jul. 2012. 

Tao Lin, Tansu Alpcan, Kerry Hinton “Energy Effi ciency Games for Backhaul Traffi c in Wireless Networks” 

Invited paper, 46th Asilomar Conference on Signals, Systems and Computers, California, United States, 

Nov. 2012.

C. A. Chan, A. Nirmalathas, E. Wong, A. F. Gygax, C. A. Leckie, and D. Kilper, “Energy Star Rating for Future 

Telecoms Services: Motivation, Methodologies and Challenges” invited paper, Asia Communications and 

Photonics Conference (ACP), Guangzhou, China, Nov. 2012. 

Arun Vishwanath, Jiazhen Zhu, Kerry Hinton, Robert Ayre, Rodney S. Tucker, “Estimating the Energy 

Consumption for Packet Processing, Storage and Switching in Optical-IP Routers”Opitcal Fiber 

Communiation Conference (OFC), California, United States, Mar. 2013. 

Jie Li, Ka-Lun Lee, Nga Dinh, and Chien Aun Chan, “A Comparison of Sleep Mode Mechanisms for PtP 

and TDM-PONs” IEEE International conference on communications (ICC), Green Broadband Access: Energy 

Effi cient Wireless and Wired Network Solutions Workshop (ICC), Budapest, Hungary, Jun. 2013.

Arun Vishwanath, Fatemeh Jalali, Robert Ayre, Tansu Alpcan, Kerry Hinton, Rodney S. Tucker “Energy 

Consumption of Interactive Cloud-Based Document Processing Applications” IEEE International 

conference on communications (ICC), Budapest, Hungary, Jun. 2013.

Kyle Guan, Bipin Sankar Gopalakrishna Pillai, Arun Vishwanath, Daniel C. Kilper, Jaime Llorca, “The Impact 

of Error-Control on Energy-Effi cient Reliable Data Transfers over Optical Networks” IEEE International 

conference on communications (ICC), Budapest, Hungary, Jun. 2013.

ICCE 2012: The Fourth International Conference on Communications and Electronics

1 – 3 August 2012, Hue Vietnam

Keynote Speaker: Rod Tucker, A Green Internet

IEEE ICCC 2012 Workshop on Smart and Green Communications & Networks (SGCNet)

15 August 2012, Beijing China

Keynote Speaker: Rod Tucker

Australian IPv6 Summit 2012

17 – 19 October 2012, Melbourne Australia

Speaker: Kerry Hinton

GreenTouch Members Meeting

5 – 8 November 2012, Stuttgart Germany

Speakers: Rod Tucker, Kerry Hinton, Bipin Pillai, Jeff Cheong 

ANZAAS, The Australian & New Zealand Association for the Advancement of Science

21 November 2012, Melbourne Australia

Speaker: Rod Tucker, Towards a Green Internet

Smart Power for Smart Communication Networks 2013

6 March 2013, Brisbane Australia

Speaker: Kerry Hinton, Wireless access, cloud computing, M2M & IPv6: Burn, baby, burn!

CommsDay

10 April 2013, Sydney Australia

Speaker: Kerry Hinton launched CEET’s fi rst white paper The Power of Wireless Cloud

GreenTouch TREND workshop at INFOCOM 2013

19 April 2013, Torino Italy

Speaker: Kerry Hinton

GreenTouch Members Meeting

13 - 16 May 2013, Shanghai China

Speakers: Rod Tucker, Kerry Hinton, Arun Vishwanath, Alan Lee, Brian Krongold 

Google Summit: How Green is the Internet?

6 June 2013, California USA

Speaker: Kerry Hinton participated in the invite 

only one day Google Summit How Green is 

the Internet? which was held at Google’s 

headquarters in the USA. Experts from 

industry, academia, government and NGOs 

from around the globe were invited to the event. 

Kerry presented on the topic Energy consumption 

of wireless access to cloud services. The keynote 

speaker for the event was ex-US President Al Gore.

CEET participants at GreenTouch Members Meeting Shanghai.
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RESEARCH TEAM

CEET Researchers

/ Alan Lee, 

 Senior Research Fellow

/ Arun Vishwanath, 

 Senior Research Fellow

/ Behnam Sedighi, 

 Senior Research Fellow

/ Bipin Pillai, 

 Senior Research Fellow

/ Chien Aun Chan, 

 Research Fellow

/ Jeff Cheong, 

 Senior Research Fellow 

 (until Apr. ‘13)

/ Jie Li,

 Research Fellow

/ Kerry Hinton, 

 Principal Research Fellow, 

 CEET Deputy Director

/ Qasim Chaudhari, 

 Research Fellow

/ Rob Ayre, 

 Senior Research Fellow

/ Rod Tucker, 

 Laureate Professor, 

 CEET Director

University of Melbourne 

In-Kind Researchers

/ André Gygax, 

 Senior Lecturer, Dept. of Finance

/ Bill Moran, 

 Professor, Scientifi c Director,  

 Defence Science Institute

/ Brian Krongold, 

 Associate Professor, 

 Dept. of Electrical and Electronic  

 Engineering

/ Chris Leckie,

 Professor, Dept. of Computing  

 and Information Systems

/ Darryl Veitch,

 Professor, Dept. of Electrical and  

 Electronic Engineering

/ Elaine Wong, 

 Associate Professor, 

 Dept. of Electrical and Electronic  

 Engineering

/ Peter Farrell, 

 Associate Professor, 
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