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Computing Industry is Growing

Global AI Market Growth
29.86 billions (2020) to 299.64 billions (2026)

https://www.fnfresearch.com/artificial-intelligence-market
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Growing Importance in the Research Community



Computing’s Environmental Footprint
Applications

Hardware Manufacturing

Chasing Carbon: The Elusive Environmental Footprint of Computing. Udit Gupta, Young Geun Kim, Sylvia Lee, Jordan Tse, 
Hsien-Hsin Lee, Gu-Yeon Wei, David Brooks, Carole-Jean Wu. In Proceedings of the International Symposium on HPCA. 2021

Embodied vs. Operational CO2



Manufacturing  
accounts for 74% of 
Apple’s end-to-end 
breakdown in 2019

Manufacturing Dominates the Environmental Footprint of 
Client Computing

Manufacturing

Product Use

Integrated circuits account for 
33% of emissions 

(SoCs, DRAMs, NAND Flash) 

Product use account for 
19% of emissions

RecyclingManufacturing Product Transport Product Use



Historical analysis of Facebook’s carbon footprint

2014 2015 2016 2017 2018 2019

Scope 3 dominates 
Facebook’s carbon emissions. 

49% of Scope 3 comes from 
hardware, infrastructure, data 

center construction

Impact of renewable energy in 
data centers

Scope 1 - 
Capacity

Scope 2 - 
Operation

Scope 3 - 
Capacity



Efficiency optimization is a must

Systems Algorithms Data



But, efficiency alone is not enough! 

Size of state-of-the-art NLP 
models has grown by 3 orders of 
magnitude in 2 years 1 

Size of Facebook’s production 
recommendations models has 
grown by an order of magnitude 
in 3 years 2

Benefits of higher efficiency overshadowed by higher application demands
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1 “On the Dangers of Stochastic Parrots: Can Language Models Be Too Big?”  E. Bender et. al.  2021.
2 “Understanding Capacity-Driven Scale-Out Neural Recommendation Inference” M. Lui et. al. ISPASS-2021.

System Performance
(FLOPs)



Environmentally-sustainable computing 
infrastructures

Metrics and 
Accounting

Optimization at 
Scale

CO2 Footprint 
Amortization



Metrics and Accounting

Carbon cost modeling

End-to-end product 
life cycle analyses

Component-level 
carbon costs 

Open-source models 
and tools 

Carbon 
model

Inputs
● Workload 
● HW design
● Renewable energy
● Fab characteristics
● Recycling
● HW Lifetime

Carbon emissions



Metrics and Accounting

Carbon cost modeling

Carbon cost accounting/reporting

MLPerf



Optimization at Scale

Datacenter scale load shaping 

Cloud-edge computation scheduling



Carbon Footprint Amortization

Utilization

• Virtualization, multi-tenancy, workload consolidation

Hardware Lifetime

• Modular infrastructure design

• Disaggregated infrastructures 

• Resilient hardware/software systems



Call to Action 

Growing Compute Demands Embodied vs. Operational CO2
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