Customer Care Automation = Scientists = Prototypes = New Business = ScaleNet = Campus = Pioneering = Research

Cusf it = Campus = Pioneering = Research
= Te amless Home Environment = Expertise =
Crys cations = Industrial Partners = Berlin =
Marl olio = Broadband = Virtual City Guide =
Perv cess = Inherent Security = Infrastructure
Dew ttual Information to Go = Entrepreneurs =
Car ire = Design = Know-how = Expertise =
Inno acking Device = Berlin = Laboratories =
Rest » Market = Trends = Community-enabling
Sen = |ntegrated Communication = Intelligent
Acci sed Realtime Animated Avatars = Market
Tren irch = Technologies = Markets = Affective
Intel ® |nnovation = Processes = Technologies

= Communications = Berlin = Laboratories = Projects = Innovation = Development = Laboratory = Quality = Strategy =

Gustomer Care Automation = Scientists = Prototypes = New Business = ScaleNet = Campus = Pioneering = Research
= Technologies = Markets = Social Developments = Visions = Future = Design = Seamless Home Environment = Expertise =
Crystallization = Innovation = Development = Processes = BroadWave = Gommunications = Industrial Partners = Berlin =
Markets = Innovation = T-Com = Universities = Strategy = Market = Trends = Portfolio » Broadband = Virtual City Guide =
Pervasive Communications = Intuitive Usability = AAA Architecture = Intelligent Access = Inherent Security = Infrastructure
Development = Industry Partners = Information = Scientists = Market Trends = Contextual Information to Go = Entrepreneurs =
Campus = Pioneering = Research = NetShield = Markets = Experts = Visions = Future = Design = Know-how = Expertise =
Innovation = Development = Processes = Industry = Communications = Mobile Tracking Device = Berlin = Laboratories =
Research = Innovation = Media Provisioning = Laboratory = Innovation = Customers = Market = Trends = Community-enabling
Services = Broadband Wireless Access = Pervasive Communications = Intuitive Usability = Integrated Communication = Intelligent
Access = Personal Intelligent User Interfaces = Network = Information = Gesture-based Realtime Animated Avatars = Market
Trends = New Business = Speech-based Classification = Campus = Pioneering = Research = Technologies = Markets = Affective
Interfaces = New Business = Future = Design = Know-how = Expertise = Sensor Nets = Innovation = Processes = Technologies
= Communications = Berlin = Laboratories ® Projects = Innovation = Development = Laboratory = Quality = Strategy =

Gontinuous Sound for Interaction = Trends = Portfolio = Broadband = Creative Potential = Pervasive Communications = Intuitive

ot S
~ Energy-related Aspects in Backbone e
Technol ories =
~ Networks
P:tm Christoph Lange sekh
“ - Deutsche Telekom AG, Laboratories o
- B
::::..T..........................................:iw.e



Introduction and motivation.
The Internet traffic growth.
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Average annual Internet traffic growth rate: 50-60%

T Source: Odlyzko et al: http://www.dtc.umn.edly mints/2002-2008/analysis-2002-2008.html
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Energy consumption of broadband networks.
Telecommunication networks: Layers and functions.

Service delivery platforms
Network control

Backbone network

Aggregation network

Business support systems (BSS)

Access network

Operational support systems (OSS)

Home networks
Customer equipment
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Energy consumption of broadband networks.
Energy consumption of a telecommunication network.
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[C. Lange et al.: Energy Consumption of Telecommunication Networks. ECOC 2009]
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Energy consumption of broadband networks.
Energy consumption of backbone networks.

Energy consumption growth of Observations
backbone networks

14
O Qptical transport . :
2 5 Layer3 IP/MPLS = Backbone energy consumption scales
t 1 with traffic volume
EO —
w 8 — -
2 - |« Layer3 IP/MPLS backbone: Major
o — energy consumer compared to OTN
= 4 ] -
< —
[O) —
x 2 — ||
=[] ﬂ = Optical transport network (OTN):
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ .
2009 2010 2011 2012 2013 2014 2015 2016 2017 Sma” energy Consumptlon Share

year—»

lllIlllllllllllllllllllllllllllllllllllllllllllllllllll
© Deutsche Telekom AG Proprietary. All rights reserved. No part of this presentation may be reproduced in any material form without the written permission of the copyright owner.

Deutsche Telekom Laboratories 20.09.2009 5



Energy consumption of broadband networks.
Backbone router measurements.

Router measurement results Observations
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Conclusion.

= Backbone router’s energy consumption scales with traffic
volume.

= Backbone energy consumption share in operator networks
increases and becomes more important.

Observations

= Improving the energy efficiency of backbone routers facing
increasing traffic volume.

= Establishing energy efficient router and network
architectures.

Challenges
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