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Introduction & Background
• The information and computing technology (ICT) 

industry contributes to 3-5% of the world’s total 

carbon footprint (CFP)

• Embodied CFP: 

• Manufacturing, design, recycle

• Deployment CFP: 

• End-user operation,

programming hardware

• Embodied CFP has increased 

over time due to :

• Lower yields in newer technology nodes

• Increased time required for design closure

Embodied CFP of 

FPGAs is 

amortized 

across multiple 

applications

• GreenFPGA helps identify scenarios where FPGAs serve 

as sustainable alternatives to ASICs 

• Example, for a DNN application FPGAs are best for 

application lifetime <1.6 yr/app, 2M app volume, and > 5.5 

number of applications
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• Architectural model 

for embodied CFP

• Based on industry 

reports 

ECO-CHIP 

[HPCA 2024]

• Heterogeneous 

integration (HI) for 

sustainability

• Estimates design 

and advanced 

packaging CFP

• Evaluates 

operational CFP

𝐶𝐹𝑃𝐺𝐴    - Total FPGA CFP
𝐶𝑒𝑚𝑏      - Embodied carbon
𝐶𝑑𝑒𝑝𝑙𝑜𝑦  - Deployment carbon

𝑁𝑎𝑝𝑝   - Number of applications
𝑇𝑖    - Application lifetime

𝑪𝑨𝑺𝑰𝑪 = 

𝒊=𝟏

𝒊=𝑵𝒂𝒑𝒑

(𝑪𝒆𝒎𝒃,𝒊 + 𝑻𝒊 × 𝑪𝒅𝒆𝒑𝒍𝒐𝒚,𝒊 )

𝑪𝑭𝑷𝑮𝑨 = 𝑪𝒆𝒎𝒃,𝒊 + 

𝒊=𝟏

𝒊=𝑵𝒂𝒑𝒑

 𝑻𝒊 × 𝑪𝒅𝒆𝒑𝒍𝒐𝒚,𝒊 

𝑪𝒆𝒎𝒃 = 𝑪𝒅𝒆𝒔 + 𝑪𝒎𝒇𝒈 + 𝑪𝒑𝒌𝒈 + 𝑪𝑬𝑶𝑳

Embodied CFP: Comprises of four components:

Manufacturing, design, packaging, end of life 

Deployment CFP: Comprises of two components:

Operational carbon and application development

• Embodied CFP of FPGA stays the same, while that of 

ASIC increases as the number of applications increase

• Increase in operational CFP of ASIC is lesser compared 

to FPGA  as application lifetime  increases

𝑪𝒎𝒇𝒈 = 𝑪𝑭𝑷𝑨 × (𝑫𝒊𝒆 𝒂𝒓𝒆𝒂 + 𝑾𝒂𝒔𝒕𝒆𝒅 𝒂𝒓𝒆𝒂)

𝑪𝒅𝒆𝒔 = 𝑪𝒆𝒎𝒑 × 𝒕𝒐𝒕𝒂𝒍 𝒆𝒎𝒑 𝒑𝒆𝒓 𝒄𝒉𝒊𝒑 ×
#𝒈𝒂𝒕𝒆𝒔 

𝒂𝒗𝒈 #𝒈𝒂𝒕𝒆𝒔
× 𝑻𝒑𝒓𝒐𝒋
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𝑪𝒂𝒑𝒑−𝒅𝒆𝒗 = 𝑷𝒂𝒑𝒑−𝒅𝒆𝒗 × 𝑻𝒂𝒑𝒑−𝒅𝒆𝒗 × 𝑪𝒔𝒓𝒄

https://github.com/ASU-VDA-Lab/GreenFPGA 

• Embodied CFP of the FPGA is amortized across multiple 
applications unlike ASICs 

• FPGAs are a good solution for sustainably for large 
number of application, low application volume, and short 
application lifespans

https://github.com/ASU-VDA-Lab/GreenFPGA
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