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The total cost of computer hardware

PC + 17” CRT:
6400 MJ = 1800 kWh
or 260 kg of fossil fuels
E. Williams, Energy Intensity of Computer Manufacturing,
Environ. Sci. Technol. 2004, 38, 6166-6174

At 100 W and 40 h/week:
same energy as nine years of use
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Business model? 



The energy cost of data centers

● 61,000,000,000 kWh in 2006
● 1.5 % of total U.S. electricity consumption
● Total electricity cost of about $ 4,500,000,000
● More power than U.S. color TV sets
● Similar to electricity consumed by five percent 

of the U.S. Households
U.S. Environmental Protection Agency, Report to Congress on Server and Data Center Energy Efficiency, 2007



Improvements for data centers

● Server virtualization
● Cloud services for outsourcing
● Compiled, not interpreted

programming languages
● Dedicated 110 V power supply units
● ...



Software issues to look into

● Google searches (Google: 0.2 g CO2)
● Spam (McAfee: 0.3 g CO2)
● Blue-ray copy protection (c’t: 15 W)
● File formats
● Mobile devices:

Bigger impact from smaller number of 
batteries wasted? (rechargeable or not)
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Some comparisons to make

● CD vs. MP3 vs. streaming
● Radio vs. podcast vs. streaming
● TV via satellite/terrestrial/cable vs. streaming
● Cinema vs. DVD/Blue-ray vs. streaming
● Newspaper vs. Web on PC vs. e-reader
● Book vs. computer printout vs. e-reader

Some studies, rarely conclusive
see e.g. R. Hischier, I. Reichart, Multifunctional Electronic Media – Traditional Media,
The Problem of an Adequate Functional Unit, Int J LCA 8 (4) 201 –208 (2003)
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From physical to virtual

● From CD to music download
● Virtual bookstores for real books
● Virtual bookstores for virtual books
● Video conferencing?
● Shared documents?

(Google Docs, Google Wave)
● Teleworking?
● Tourism?



From virtual to physical?!

Software-induced hardware obsolescence
(Lorenz Hilty)



No driver forWindows x64



No driver for

Windows x64
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carbon.to





Google PowerMeter





caniturniton.com



Data:  BMU, Entwicklung der erneuerbaren Energien in Deutschland im Jahr 2008
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Carbon Chaos



wattzon.com



Counterproductive persuasion

 “While 71% of our participants [undergrads] 
prefer to purchase a used 3 year old car
to a brand new car, only 28% said they would 
prefer a one year old laptop to a new one.”
K. Hanks et al., Sustainable Millennials: Attitudes towards Sustainability
and the Material Effects of Interactive Technologies, CHI 2008 
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Enhanced efficiency doing harm

● Drowning in e-mail
● Faster PCs require more work

L. Hilty, Working Slower with More Powerful Computers, ERCIM News 62, July 2005

● Everybody on earth travels
70 minutes per day

● Friends on every continent
need to be visited
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Some first steps

● Switch the heating on
when an inhabitant gets near
J. Scott et al., Home Heating Using GPS-Based Arrival Prediction,
Pervasive Workshop on Energy Awareness 2010

● Computerized kinds of heating and a/c?
● Inform about locally produced food

and where to get it



Thank you!

www.j3L7h.de
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