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Computing

● Feels ubiquitous

● Uses steadily growing

● How much energy?

Our world in data, 2016

https://ourworldindata.org/internet


Finance

New York Times, 2021Coinbase last night

https://www.nytimes.com/interactive/2021/09/03/climate/bitcoin-carbon-footprint-electricity.html
https://www.coinbase.com/price/bitcoin


Artificial Intelligence
● 540 billion parameter language models

PaLM: Scaling Language models with Pathway

https://ai.googleblog.com/2022/04/pathways-language-model-palm-scaling-to.html


Artificial Intelligence

Figure source. Data from Strubell et al, 2019

https://www.technologyreview.com/2019/06/06/239031/training-a-single-ai-model-can-emit-as-much-carbon-as-five-cars-in-their-lifetimes/
https://arxiv.org/pdf/1906.02243.pdf


Entertainment

● ~8 billion hours of Twitch streaming so far this year

Twitch Tracker

https://twitchtracker.com/statistics


A usage projection

Gupta et al, 2020

https://arxiv.org/pdf/2011.02839.pdf


Outline 
I. Operational energy

II. Hardware + Manufacturing energy

III. Outlook

TSMC clean room

Data center concept

https://time.com/6102879/semiconductor-chip-shortage-tsmc/
https://www.forbes.com/sites/jonathanburgos/2022/02/21/singapores-glp-to-invest-13-billion-in-maiden-data-center-projects-in-japan-as-digital-economy-booms/?sh=1205862c636d


What is a data center?

● Space for computers
○ Data storage
○ Computing jobs
○ Networking

● Thousands of them 

Image by Google



Data Centers

AWS data centers Non descript data center

Several at each point. Some secret

https://aws.amazon.com/about-aws/global-infrastructure/
https://www.missioncriticalmagazine.com/articles/93092-mixing-it-up-to-make-air-side-economizing-work-for-data-centers


The issue 

● Lots of processing

● It gets very hot

● Sensitive equipment

Gilfoyle and Anton

https://www.youtube.com/watch?v=NJYphFa8x9c


Keeping cool

● Variety of methods

● 2.7% electricity demand in EU ‘18

 

● Lots of development in cooling tech

Georgia data center

One way to cool 

https://digital-strategy.ec.europa.eu/en/library/energy-efficient-cloud-computing-technologies-and-policies-eco-friendly-cloud-market
https://www.google.com/about/datacenters/gallery/
https://journal.uptimeinstitute.com/a-look-at-data-center-cooling-technologies/


And yet

IEA 2021

https://www.iea.org/reports/data-centres-and-data-transmission-networks


Where are the emissions?

● About 10^7 g CO2 - eq

● 0.5-2% global emissions

● Similar to airline industry

Mb Abu Bakar Siddik et 
al, 2021

https://iopscience.iop.org/article/10.1088/1748-9326/abfba1/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/abfba1/pdf


GHG protocol reminder

EPA

https://www.epa.gov/climateleadership/scope-1-and-scope-2-inventory-guidance


Large purchasers of renewables

● Buy mostly renewables 

● Buy offsets when not possible

● Target 100% renewable ‘25 

Google data center in Finland

https://www.aboutamazon.com/news/sustainability/amazon-extends-position-as-worlds-largest-corporate-buyer-of-renewable-energy
https://www.blog.google/outreach-initiatives/sustainability/internet-24x7-carbon-free-energy-should-be-too/


Economies of scale

Mb Abu Bakar Siddik et al, 2021

https://iopscience.iop.org/article/10.1088/1748-9326/abfba1/pdf


Power usage efficiency (PUE)

Google PUE Trends

Industry average ~ 2

https://www.google.com/about/datacenters/efficiency/


Hardware tailwinds

Moore’s Law Koomey’s Law

https://en.wikipedia.org/wiki/Moore's_law
https://en.wikipedia.org/wiki/Koomey%27s_law


In summary

● Economics says hyperscale wins

● Extra revenue ↔ Increased investment

● Great for environment!

AMZN, Earnings

https://www.statista.com/statistics/233725/development-of-amazon-web-services-revenue/
https://www.cnbc.com/2022/04/28/aws-earnings-q1-2022.html


Some words on hardware



Mostly capital expenditure emissions

● Operational Expenditures
○ Running services
○ Keeping the lights on

● Capital Expenditures
○ Hardware purchases
○ Building



Emissions at Apple

● 25 million metric tons CO2 ‘19 
○ BP 374 million tons CO2 ‘20

● Mostly from manufacturing

● Split depends on device

Gupta et al, 2021

https://www.reuters.com/article/us-bp-emissions/bp-reports-10-drop-in-overall-emissions-in-2020-idUSKBN2BE2DN
https://arxiv.org/pdf/2011.02839.pdf


Emissions breakdown for chip fab

● TSMC 15 million tons CO2 in 2020 

● 30% emissions from chemicals

● 60% from energy procurement

https://www.cnbc.com/2021/11/03/tsmc-samsung-and-intel-have-a-huge-carbon-footprint.html


Chip manufacturing is crazy!

http://www.youtube.com/watch?v=Hb1WDxSoSec


Carbon reductions for chip fabs

● Use more renewables to power plants
○ Difficult logistically esp in Taiwan
○ 40% by ‘30

● Seek further hardware optimization

● Spread out manufacturing

https://www.cnbc.com/2021/11/03/tsmc-samsung-and-intel-have-a-huge-carbon-footprint.html


Summary

● Exponential growth in demand

● Exponential growth in efficiency

● Fabrication and construction most of emissions

● Use more renewables



Thanks!



Addenda

Some ideas for 
improvements

https://arxiv.org/pdf/2011.02839.pdf
https://arxiv.org/pdf/2011.02839.pdf

