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Energy and the Internet
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Why is Energy Important?
» Operational Expenditure
* Greenhouse Impact
» Energy-limited capacity bottlenecks (“hot spots”)
« Enabling energy efficiencies in other sectors e
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Putting Things into Context
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Summary

Estimating energy consumption of the Internet

Where is the energy consumed
- Core, metro, access network

Energy efficiency of Cloud Computing
Travel Replacement

Airmail vs. Internet
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Network Energy Model
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Power Consumption of IP Network
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Power Consumption in Access Networks
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Power Consumption in Access Networks

Power Per User (W)
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Network Energy Consumption per Bit

Energy per bit (uJ)
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Energy per Bit in Network Devices
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Router Capacity Growth
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Energy In Electronic Integrated Circuits
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Improvements in CMOS
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Effect of Efficiency Gains
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Effect of Efficiency Gains
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Towards Energy-Efficient Networks
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Cloud Computing
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Low end Computer vs. Outsourcing to Cloud
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Three Possible Scenarios

Software-as-a-Service
— Stored on user’s computer with updates downloaded regularly

Service Bureau

— Most tasks done on lower end user machine, outsource the
“big” jobs

Computing-as-a-Service
— Hosted and run on provider computer “farm” with data initially
uploaded from user

Can cloud computing save energy ?
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Service Bureau
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Service Bureau
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Service Bureau Example

Computer used for 20 hrs/week, plus some video encoding of ¥2 hour videos
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Data by Airmail vs. Data by the Internet

Data by Airmail:

103 kg CO, 20 nd/b

Data by Internet:
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http://en.wikipedia.org/wiki/File:USB_Flash_Drive.png

Energy Consumption per Bit

Energy per bit (uJ)
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Using the Internet for Travel Replacement

Video Conferencing
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Travel Replacement - Greenhouse Impact (CO,)
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Rod's Telecommute Calculator

Distance travelled (km)

100,000
Business
10,000 Sydney \*
Bicycle
1,000
X P Train
100

S d Daily work

10
1 Travel
0.1 ! ! ! '
10 100 1 10 100 1000
Mb/s-hr Gb/s-hr
Bitrate-Time Product e
AN U B

/

N



Summary — The Way Forward

« Energy consumption of the Internet is small, but growing

* Internet energy consumption dominated by the access network
— Energy-efficient user modems are a priority

« Core network energy consumption is relatively small
— Improvements in Silicon technologies will be important
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