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“Tackling Climate Change with Machine Learning”…

https://dl.acm.org/doi/10.1145/3485128
David Rolnick, Priya L. Donti, Lynn H. Kaack, Kelly Kochanski, Alexandre Lacoste, Kris Sankaran, Andrew Slavin Ross, Nikola Milojevic-Dupont, Natasha Jaques, Anna Waldman-Brown, Alexandra Sasha Luccioni, Tegan Maharaj, Evan D. Sherwin, S. Karthik Mukkavilli, Konrad P. Kording, Carla P. 

Gomes, Andrew Y. Ng, Demis Hassabis, John C. Platt, Felix Creutzig, Jennifer Chayes, and Yoshua Bengio. 2022. Tackling Climate Change with Machine Learning. ACM Comput. Surv. 55, 2, Article 42 (March 2023), 96 pages. DOI:https://doi.org/10.1145/3485128

https://dl.acm.org/doi/10.1145/3485128
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…only works if we…

Gröger, J. | Liu, R. | Stobbe, L. | Druschke, J. | Richter, N.: Green Cloud Computing Lebenszyklusbasierte Datenerhebung zu

Umweltwirkungen des Cloud Computing – Abschlussbericht 06 / 2021 

https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/2021-06-17_texte_94-2021_green-cloud-computing.pdf

https://arxiv.org/abs/1907.10597

๏ …provide equitable access to computation resources

๏ …prioritize computationally efficient hardware and algorithms

๏ …report training time and sensitivity to hyperparameters.

https://arxiv.org/pdf/1906.02243.pdf

https://www.oeko.de/das-institut/team/team-detail/jens-groeger
https://www.oeko.de/das-institut/team/team-detail/ran-liu
https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/2021-06-17_texte_94-2021_green-cloud-computing.pdf
https://arxiv.org/abs/1907.10597
https://arxiv.org/pdf/1906.02243.pdf
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What’s the efficiency of software languages?

Pereira, Rui, et al. "Energy efficiency across programming languages: how do energy, time, and memory relate?." Proceedings of the 10th ACM SIGPLAN International Conference on Software 
Language Engineering. 2017.
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Is the faster language always the more 

energy efficient?

Pereira, Rui, et al. "Energy efficiency across programming languages: how do energy, time, and memory relate?." Proceedings of the 10th ACM SIGPLAN International 

Conference on Software Language Engineering. 2017.
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Once we can decide what is the best software language…

๏ execution time and energy consumption, then yes, it is almost always possible to choose the best language. 

๏ if memory is also a concern, it is no longer possible to automatically decide for a single language

Pereira, Rui, et al. "Energy efficiency across programming languages: how do energy, time, and memory relate?." Proceedings of the 10th ACM SIGPLAN International 

Conference on Software Language Engineering. 2017.

https://greenlab.di.uminho.pt/wp-content/uploads/2019/02/Rui-Alexandre-Afonso-Pereira.pdf p.89

https://greenlab.di.uminho.pt/wp-content/uploads/2019/02/Rui-Alexandre-Afonso-Pereira.pdf
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…tools for green coding emerge!

T. Carção, "Measuring and visualizing energy consumption within software code," 2014 IEEE Symposium on Visual Languages and Human-
Centric Computing (VL/HCC), 2014, pp. 181-182, doi: 10.1109/VLHCC.2014.6883045.
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Think bigger:

Review of the software develoment cycle

๏ sustainability criteria and metrics for software products

๏ model all extractions from the environment (e.g. ores, fossil resources or fuels, 

water) and all emissions to the environment (e.g. heavy metals, CO2, CH4, 

radiating particles) that occur in each life cycle phase. 



Florian Michahelles

Example: Track CO2 from _your_ computing

https://codecarbon.io/

https://codecarbon.io/
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Pop Quiz

๏ How much energy does your home TV use in an hour?

๏ How many full phone charges can the same amount of energy provide?

๏ 10

๏ 20

๏ 40

๏ 80

๏ more
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Source: https://carbon.kilowh.at/
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But.. Are all devices created equal?
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Can’t we just “read the label”?
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How many do you have at home?
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Using metaphors

J. L. Zapico and B. Hedin, "Energy weight: Tangible interface for increasing energy literacy," 2017 Sustainable Internet and ICT for Sustainability (SustainIT), 2017, pp. 
1-3, doi: 10.23919/SustainIT.2017.8379807.

Hedin, B.; Luis Zapico, J. What Can You Do with 100 kWh? A Longitudinal Study of Using an Interactive Energy Comparison Tool to 
Increase Energy Awareness †. Sustainability 2018, 10, 2269. https://doi.org/10.3390/su10072269
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The Goal

Create a tool that enables non-experts (i.e., the 

layperson) to estimate and quantify personal energy use 

through understandable tangible metaphors.
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Use Case: Indoor Awareness

18

“using YOUR laptop for X hours takes as 

much energy as charging YOUR phone from 

0-100% Y times.”
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Use Case: Outdoor “Autarky”

Autarky comes from the Greek words autos (self) and arkein (to 
govern)
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https://nesslabs.com/

The Bigger Picture

๏ Making informed decisions

๏ Education

๏ Energy use “mental model”

๏ Digital companions

๏ Decision support

Kritzler et al. (2019), doi: https://doi.org/10.1145/3308560.3316510
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Let’s...

๏ …look into how our cloud-services are powered and where they run.

๏ …document the consumption of ML model training.

๏ …quantify systematically the impacts of software

๏ …refine our methodologies: document, reconsider, redesign

๏ …provide an understanding of energy
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Thank you.

References

๏ Green software
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Baking sustainability into the development process

Coral Calero and Mario Piattini. 2015. Green in Software Engineering. Springer Publishing Company, Incorporated. https://doi.org/10.1007/978-3-319-08581-4

https://doi.org/10.1007/978-3-319-08581-4
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SCI Procedure

๏ What: software boundary, i.e. the components of a software system to include.

๏ Scale: carbon emissions per one functional unit, pick the functional unit which 

best describes how the application scales.

๏ How: quantification method, real-world measurements based on telemetry

๏ Quantify: Calculate a rate, an SCI value, for every software component. The 

SCI value of the whole application is the sum of the SCI values for every 

software component in the system.

๏ Report. The SCI has standards for reporting that must be met, including a 

disclosure of the software boundary and the calculation methodology.

https://github.com/Green-Software-Foundation/software_carbon_intensity/blob/main/Software_Carbon_Intensity/Software_Carbon_Intensity_Specification.md#software-boundary
https://github.com/Green-Software-Foundation/software_carbon_intensity/blob/main/Software_Carbon_Intensity/Software_Carbon_Intensity_Specification.md#functional-unit
https://github.com/Green-Software-Foundation/software_carbon_intensity/blob/main/Software_Carbon_Intensity/Software_Carbon_Intensity_Specification.md#quantification-method
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