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My background

• A.B. History and Science, Harvard University; M.S. and Ph.D, Energy and 
Resources Group, UC Berkeley

• Lecturer at Stanford now, Research Fellow & Consulting Professor before 
that. Visiting professor in past at Stanford (2003-4, 2008), Yale (2009), UC 
Berkeley (2011). 

• Formerly Staff Scientist + Group Leader (from 1991 to 2003) at Lawrence 
Berkeley National Lab (LBNL), post doc (1990-91), grad student (1984-90)

• Founded and led LBNL’s Energy Forecasting group
– Key technical support for EPA’s Energy Star group
– Analyzed efficiency standards, utility programs, and voluntary programs for 

DOE and others

• Coauthor on first comprehensive analysis of a 2C warming limit (1989)
• Focused on computing electricity use since early 1990s

– Key recent work on data center electricity use and trends in aggregate 
computing efficiency for computers and networks

• Pubs listed at http://www.koomey.com
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Savings estimates

• Accuracy/credibility

• Historical achievements

• Future ambition
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Accuracy/credibility of savings 
estimates

• Based on peer-reviewed methods from Webb 
et al. (2013), Aslan (2017) and latest industry 
data

• Transparent calculations, updated as time 
passes

• Projected savings in 2020

– Initial estimate: 1.1. TWh/year savings

– Current estimate: About 5 TWh/year savings

Copyright Jonathan G. Koomey 2017 4



Savings over time for console SRA
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Savings rel. to baseline to be about 5 TWh/year in 2020 (vs. 1.1 TWh/year initially projected)
Source: Microsoft, Nintendo, and Sony. Report on the 2017 review of the game console 
self regulatory initiative. October 13, 2017, www.efficientgaming.eu

http://www.efficientgaming.eu/


Historical achievements

• Sony’s progress: Total energy consumption 
over time for PlayStation consoles 

• Microsoft’s progress:  Xbox One S (2016) vs. 
most efficient Xbox 360

• Nintendo’s progress:  Wii U modal power 
consumption over time
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Sony’s progress: Total energy consumption 
(TEC) over time for PlayStation consoles
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Launch models for new Sony consoles had increased TEC from PS1 to PS2,
and from PS2 to PS3.  PS4 broke that trend, with launch model TEC about
one third lower for PS4 than PS3.  Even with that progress in the launch model
PS4 TEC rapidly decreased after the launch model.
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Microsoft’s progress: Xbox One S 
(2016) vs. most efficient Xbox 360 
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Consumption is in watts for each mode



Nintendo’s progress: Wii U modal 
power consumption over time
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Future ambition

• New technologies may enable more progress 
in efficiency in future, but economic and 
technology limits constrain what can be done 
without complete redesign of console 
architecture.

• Example of economic and technology limits:  
Separate video architecture for media play
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Separate video architecture not 
economically justified
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Sources: Assumes current TEC numbers for PS4 from Aslan 
(2017) and low power architecture characteristics from 
Webb (2014). Also assumes 50:50 split in media time 
between streaming and DVD and constant average 2015 
electricity prices for EU-28 (0.205€/kWh).  High efficiency 
video architecture assumes a device similar to Apple TV, 
with a parts cost of about 54 Euros. This cost doesn’t 
include assembly or markups.  Five-year electricity savings 
are a simple sum projected over that period. Zero-power 
case is a thought experiment to show a bounding case. 
Increased latency from separate architecture not assessed 
here, but that affects consumer amenity.



Conclusions

• Console industry self-regulatory agreement
– prodded manufacturers to reduce TEC in initial launch 

models
– prompted further efficiency improvements 

• Savings calculations based on peer-reviewed analysis 
and measured data

• Significant savings compared to what would have 
happened in absence of the agreement

• Until industry launches a new generation of consoles, 
big jumps in efficiency are unlikely

• Separate video architecture not justified based on costs 
and energy savings

12Copyright Jonathan G. Koomey 2017



References
• Aslan, Joshua, Kieren Mayers, Jonathan G Koomey, and Chris France. 2017. Electricity Intensity of Internet Data 

Transmission: Untangling the Estimates. The Journal of Industrial Ecology:  August. [ http://rdcu.be/uGk0 ]
• Aslan, J. 2017. Climate change implications of gaming products and services. Unpublished Draft Doctoral Thesis 

(Final expected March 2018). University of Surrey.
• Ec.europa.eu. (2017). Electricity price statistics - Statistics Explained. [online] Available 

at: http://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_price_statistics[Accessed 9 Nov. 2017].
• Koomey, Jonathan G., Stephen Berard, Marla Sanchez, and Henry Wong. 2011. "Implications of Historical Trends in 

The Electrical Efficiency of Computing."  IEEE Annals of the History of Computing.  vol. 33, no. 3. July-September. 
pp. 46-54. [http://doi.ieeecomputersociety.org/10.1109/MAHC.2010.28]

• Koomey, Jonathan. 2008. "Worldwide electricity used in data centers."  Environmental Research Letters.  vol. 3, no. 
034008. September 23. [http://stacks.iop.org/1748-9326/3/034008]

• Koomey, Jonathan G., H. Scott Matthews, and Eric Williams. 2013. "Smart Everything: Will Intelligent Systems 
Reduce Resource Use?" The Annual Review of Environment and Resources. vol. 38, October. pp. 311-343. 
[http://arjournals.annualreviews.org/eprint/wjniAGGzj2i9X7i3kqWx/full/10.1146/annurev-environ-021512-
110549 

• Koomey, Jonathan, and Samuel Naffziger. 2015. "Efficiency's brief reprieve:  Moore's Law slowdown hits 
performance more than energy efficiency." In IEEE Spectrum. April. 
[http://spectrum.ieee.org/computing/hardware/moores-law-might-be-slowing-down-but-not-energy-efficiency]

• Koomey, Jonathan. 2015. "A primer on the energy efficiency of computing."  In Physics of Sustainable Energy III:  
Using Energy Efficiently and Producing it Renewably (Proceedings from a Conference Held March 8-9, 2014 in 
Berkeley, CA). Edited by R. H. Knapp Jr., B. G. Levi and D. M. Kammen. Melville, NY: American Institute of Physics 
(AIP Proceedings). pp. 82-89. 

• Koomey, Jonathan, and Samuel Naffziger. 2016. "Energy efficiency of computing:  What's next?" In Electronic 
Design. November 28. pp. [http://electronicdesign.com/microprocessors/energy-efficiency-computing-what-s-
next]

• Krause, Florentin, Wilfred Bach, and Jon Koomey. 1989. From Warming Fate to Warming Limit: Benchmarks to a 
Global Climate Convention. El Cerrito, CA: International Project for Sustainable Energy Paths. 
[http://www.mediafire.com/file/pzwrsyo1j89axzd/Warmingfatetowarminglimitbook.pdf]

13Copyright Jonathan G. Koomey 2017

http://rdcu.be/uGk0
http://ec.europa.eu/
http://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_price_statistics


References (2)
• Masanet, Eric, Arman Shehabi, and Jonathan Koomey. 2013. "Characteristics of Low-Carbon Data 

Centers."  Nature Climate Change.  vol. 3, no. 7. July. pp. 627-630. 
[http://dx.doi.org/10.1038/nclimate1786 and 
http://www.nature.com/nclimate/journal/v3/n7/abs/nclimate1786.html#supplementary-
information]

• Masanet, Eric R., Richard E. Brown, Arman Shehabi, Jonathan G. Koomey, and Bruce Nordman. 2011. 
"Estimating the Energy Use and Efficiency Potential of U.S. Data Centers."  Proceedings of the IEEE.  
vol. 99, no. 8. August. 

• Mayers, Kieren, Jonathan Koomey, Rebecca Hall, Maria Bauer, Chris France, and Amanda Webb. 
2014. "The Carbon Footprint of Games Distribution." Journal of Industrial Ecology. September 1. 
[http://dx.doi.org/10.1111/jiec.12181]

• Microsoft, Nintendo, and Sony Interactive Entertainment. 2017. Report on the 2017 review of the 
game console self regulatory initiative. October 13. [www.efficientgaming.eu]

• Shehabi, Arman, Sarah Smith, Dale A. Sartor, Richard E. Brown, Magnus Herrlin, Jonathan G. Koomey, 
Eric R. Masanet, Nathaniel Horner, Inês Lima Azevedo, and William Lintner. 2016. United States Data 
Center Energy Usage Report. Berkeley, CA: Lawrence Berkeley National Laboratory. LBNL-1005775.  
June 27. [http://eta.lbl.gov/publications/united-states-data-center-energy-usag]

• Webb, Amanda, Kieren Mayers, Chris France, and Jonathan Koomey. 2013. "Estimating the Energy 
Use of High-Definition Games Consoles." Energy Policy. vol. 61, October. pp. 1412–1421. 
[http://www.sciencedirect.com/science/article/pii/S0301421513003923]

• Webb, A. 2014. Evaluating Games Console Electricity Use: Technologies and Policy Options to 
Improve Energy Efficiency. Engineering Doctorate in Sustainability for Engineering and Energy 
Systems, University of Surrey, Guildford, UK.

14Copyright Jonathan G. Koomey 2017


