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Motivations

• ICT already accounts for 2% of global CO₂ emissions
• Expected to consume up to 20% of global electricity by 2030
• Decisions on software increasingly affect emissions and energy

IEEE Spectrum (2024)
https://ieeexplore.ieee.org/abstract/document/10491388/

Communications of the ACM (2023)
https://dl.acm.org/doi/pdf/10.1145/3603746

ACM CSUR (2025)
https://dl.acm.org/doi/pdf/10.1145/3728638 

https://ieeexplore.ieee.org/abstract/document/10491388/
https://dl.acm.org/doi/pdf/10.1145/3603746
https://dl.acm.org/doi/pdf/10.1145/3728638


A software-centred perspective

• From hardware-aware to carbon-aware development
• consider resources + energy + carbon
• act at different stages:

• design & architecture
• configuration & tuning
• deployment & orchestration

• Tooling needed along the whole
lifecycle!



carbonstat

• Use of Strategy Pattern to offer multiple service flavours
• Minimise carbon, while guaranteeing avg output quality based on:

• carbon intensity forecasts
• workload forecasts
• quality thresholds

Forti, S., Soldani, J., Brogi, A., Carbon-aware software services, ESOCC 2025, https://doi.org/10.1007/978-3-031-84617-5_6 
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carbon-aware software service

Up to 50% CO₂ reduction, 
maintaining desired output quality!
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Work in progress

assess software 
sustainability using 

standard
(e.g. ISO SCI)

carbon- and QoS-
aware cloud-edge 

networks 
(orchestration, 
routing, SDN)

green design patterns 
and support to make 

carbon-aware 
software



Looking for…

• Opportunities to validate and extend these approaches
• decentralised systems
• applications (AI, HPC, …)
• real-world use cases
• …

• Open to co-design new solutions!
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