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Apple’s Aggregated End-to-End Carbon Footprint Breakdown
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Manufacturing
accounts for 74% of 
Apple’s end-to-end 
breakdown in 2019

Integrated circuits
account for 33% of emissions 

(SoCs, DRAM, NAND Flash)
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Product Use
accounts for 19% of 

emissions



Scope 1 - Capex Scope 2 - Opex Scope 3 - Capex

2014 2015 2016 2017 2018 2019
Scope 3 (Capex)

Hardware and racks
Data center construction 
Purchased Goods, Business travel
Transportation and distribution

Scope 1 (Capex)
Direct emission from facilities
Diesel, gas, refrigerant 
Transport owned by Facebook

Scope 2 (Opex)
Operation-related emission
Emissions from electricity & heat  

Greenhouse Gas (GHG) Protocol
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Facebook Datacenters’ Carbon Footprint



Scope 1 - Capex Scope 2 - Opex Scope 3 - Capex

2014 2015 2016 2017 2018 2019

Impact of purchasing 
renewable energy
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Score 2 Location

Score 2 Market

Facebook Datacenters’ Carbon Footprint



Scope 1 - Capex Scope 2 - Opex Scope 3 - Capex

2014 2015 2016 2017 2018 2019

o Scope 3 (capex) dominates 
Facebook’s carbon emissions. 

o 49% of Scope 3 come from HW 
manufacturing, infrastructure and 
data center construction
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Facebook Datacenters’ Carbon Footprint



Semiconductor Manufacturing
TSMC

1x 2x 4x 8x 16x 32x 64x
Chemicals & gases

PFC & diffusive 
emissions

Wafers
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Other

Energy

Breakdown of TSMC wafer carbon footprint 
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Carbon footprint of TSMC’s wafer manufacturing process
• 63% comes from energy consumption which renewable energy can reduce

• By 2025, TSMC plans to power 20% of the electricity using renewable energy to drive upcoming 3nm fab. 

Leftmost bar from TSMC Corporate Social Responsibility Report, 2018

TSMC fab operation
• 5nm: 720MW = 6.3 billion kWh annually
• 3nm: 880MW = 7.7 billion kWh annually 
• 3nm = ~730,000 household consumption

** TSMC 5nm fab in Tainan Science Park



Design Methodology
to Include Carbon Footprint
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• IC and packaging tools

• Report Opex for 
• Design tools themselves
• Chip functional operations

• Report Capex for fabrication

• PPA + Carbon = Low-Carb PPA
SPICE

PV signoffSimulation

Synthesis Packaging

Architecture

P&R



Carbon-aware Resource Provisioning
e.g., Exploiting (EDA) Cloud Heterogeneity  
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Disruptive Energy-Efficient Technologies

• 10,000x improvement in latency for matrix multiply
• Energy at the atto-joule level (10-18)
• 5G will enable more offloading to datacenters
• Eco-friendly, speaking of carbon footprint 
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Looking Ahead

Application/Algorithms

Runtime systems

Systems

Compilers

Architecture

Circuits

Scale down hardware

Reliability (longer lifetime)

Operational energy minimization

Carbon-aware load balancing

Specialized hardware

Datacenter heterogeneity

Lower footprint circuit design

Scheduling workloads

Devices & Manufacturing Scheduling workloads
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Addressing computing’s carbon footprint requires cross-layer optimizations across 
the computing stack. 




