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Foreword

The continuously growing demand for higherdata-rate, better service qual-
ity, and ubiquitous network access leads to the rapid development of telecom-
munications and Internet during the last decade. The IMS research reported
that there are now more than 5 billion electronic devices connected worldwide.,
and the number will be 22 billion in 2020. In order to continuously offer the
maximum performance and reliability levels, most network devices operate at
their maximum capacity and have constant power consumption required to
handle peak-time traffic. Therefore, most of the energy consumed by network
devices is wasted, and this energy wastage rises steadily with exponential the
increase in network devices. The wastage from wireless communication
networks is also very remarkable considering the following two facts: the point-
to-point information transmission via wireless is carried out by omni-directional
power transmitting; the ubiquitous access is realized by overlapping networks
and repeated construction. The European Commission DG INFSO report
estimated that European telecoms and operators had an overall network energy
requirement equal to 21. 4 TWh in 2010 and will rise to 35. 8 TWh in 2020.
The Global e-Sustainability Initiative (GeSD reported a similar estimation, and
weighted the carbon footprint of networks and related infrastructures at about
320 Mt of CO, emissions in 2020.

Escalating energy costs, greater environmental concerns, and increasing
demand for longer life-time of mobile devices have already created an urgent
need for more energy-efficient Information and Communications Technology
(ICT). This trend has stimulated the interest of researchers in an innovative
new research area called green ICT, which has a very significant role to play in
addressing climate change globally and facilitating efficient and low carbon

development. Many technologies are proposed to significantly improve the



device and network energy-efficiency and reduce the carbon footprint of ICT,
such as renewable energy sources, improved transmitter efficiency, advanced
energy adaptation capabilities, energy-saving hardware redesign, energy-aware
architectures and protocols, virtual infrastructure, network cooperative cover-
age (selectively letting networks or base stations switch off when the quality of
service can be guaranteed by the remaining active cells), etc.

Canada’s high-speed Canarie network is the cornerstone of GreenStar
Network (GSN) project, which is the first wide-area test-bed to realize a
green ICT initiative based on the “follow the wind, follow the sun” para-
digm. Made with nodes powered almost entirely by renewable energy, the
GSN combines local energy efficiency and global power optimization. It
virtually migrates data centers between geographically distributed nodes
according to the availability of renewable energy. The GSN provides a
scalable environment for experimenting and simulating carbon-reduction
solutions. Carleton University has been doing research on green wireless
communication technologies for many years. Prof. Yifei Wei was invited
to study at Carleton University between 2008 and 2009. He was involved
in the research project “Next Generation Green Wireless Networks”,
which was funded by Natural Sciences and Engineering Research Council
of Canada. We are the early birds researching green communications, and
Prof. Yifei Wei is familiar with the latest advances in this area.

This book introduces some research issues and paradigm-shifting
technologies to enable energy-efficient or green communication devices and
networks. The renewable energy harvesting technologies, smart power
management for network equipment, energy-efficient network architec-
tures and protocols for wired network, new directional antenna technolo-
gies and unified management of network and radio resource of different
wireless networks are elaborated in this book. Someemerging technologies
potentially useful for energy savingare also introduced, such as cooperative

relay, cognitive radio and self-organizing networks. This book is very



practical and handy of reference for those who are doing academic research
in next-generation network especially in green communication areas, and

those who are designing and developing energy-efficient ICT facilities.

A

Prof. Fei Richard YU, Ph. D., SMIEEE

School of Information Technology

Department of Systems and Computer Engineering
Carleton University, Ottawa, ON, Canada
Phone: +1-613-520-2600 ext. 2978

Email: Richard. Yu@-carleton. ca



Foreword

Information and Communications Technologies (ICT) have been
widely considered as the best way to improve efficiency and reduce the
waste of resources in different industries. However, the same efficiency
concepts have not been applied to ICT itself, and the waste of energy is
very serious due to the fact that network devices are provisioned and
operated for peak load and lack power management capabilities. Triggered
by the increasing price of energy, the continuous growth of network
devices and subscribers, the expansion of services and network traffic, and
the spread of various broadband wireless access technologies, the energy
efficiency issue has recently become a high-priority objective for ICT infra-
structures. ICT has been identified by the Climate Group in the Smart
2020 report as a key sector with a potential to save 15% of global CO,
emissions in 2020 if green ICT technologies are developed and adopted.

Based on this prediction, the European Seventh Framework Pro-
gramme (FP7) initiated the ECONET (low Energy COnsumptionNET-
work) project, which investigates, develops and tests new capabilities for
Future Internet devices that can enable the efficient management of power
consumption so as to significantly reduce the current waste of network en-
ergy. The ECONET project is devoted to re-thinking and re-designing
wired network equipment and infrastructures towards more energy-sus-
tainable and eco-friendly technologies and techniques. The overall idea is
to introduce novel green network-specific paradigms and concepts that ena-
ble the reduction of the energy requirements of wired network equipment
by 50% in the short to mid-term (and by 80% in the long run) with re-
spect to the business-as-usual scenario. Professor Yifei Wei was invited to
participate in the ECONET project in 2013 at Dublin City University
(DCU), which is a partner of the ECONET project. The ECONET pro-
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ject generated a European Telecommunications Standards Institute (ETSD
standard on Green Communications, the ETSI STANDARD 203-237,
which was approved in April 2014.

This book on Green Energy Saving Communication Devices and Net-
works is a timely and valuable contribution to the education and promotion
of Green ICT and ICT for Green. It covers energy saving technologies for
both wireless and wired communications, ranging from device level energy
saving technologies to energy saving oriented protocol adaptations. This
book not only covers technologies for energy efficient ICT, but also covers
ICT for saving energy in other industries, such as smart grid, smart build-
ing, smart logistics and smart transportation. Green energy harvesting
technologies are also introduced. This book is suitable for a wide range of
readers, from postgraduate students to academics and practicing engi-

neers.

ARG EJang

Dr. Xiaojun Wang

School of Electronic Engineering
Dublin City University

Dublin 9,Ireland
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