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Who am I

• CEO & Founder - Green Coding Solutions


• We are specialized in the reduction of Software-CO2-Emissions


• Areas: Consulting & Integration, Research, Measurement Tools & Infrastructure


• We love open source - all our tools are open source and free to use
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Agenda

• Introduction: 


• Where exactly does software emit carbon emissions 


• Technology Carbon Standard


• Mapping emission categories to LCA steps 

• Open Source Tools Preview 

• CarbonDB: Putting everything together


• Summary
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Technology Carbon Standard - Scott Logic

https://www.techcarbonstandard.org/
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Alright, that's the background
Let's look at how we bring that into something actionable on an 

organizational level
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Assess your companies maturity with Green IT
GSF Maturity Matrix

https://greensoftware.foundation/
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Missing Tools and Missing Interoperability
Challenge

Challenge: We have many Carbon Measurement Tools, but they are often limited to 
Bare Metal Servers


Solution: GCS eco system supports all OSs and Virtualized / Non-Virtualized Systems, 
CI/CD SaaS products, Websites, Developer Machines, AI Models


Challenge: We have not good interoperability between the tools. Often no export 
functionality


Solution: Standard Export Formats. FOSS Database under your control
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Looking at the software "life cycle"
Expanding the view even more

Green Metrics Tool Carbon DB

Load Testing /  
Optimizations

Reporting / DashboardsTesting - CI/CD

Eco CIPowerHOG

Development

Cloud Energy

Monitoring
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Power Hog
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Power Hog
Development Cost measurement 
 
• Direct measurement of energy on the 

developer machine


• Granularity per process 


• Aggregation per project


• API and drill-down option in dashboard


• Local database for quick analyses

Tech Slide
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Power Hog
Embodied Carbon of Devices 
 
• Goal is to find resource consuming  

software which would trigger a device  
change 

• Keeping the device longer reduces per year 
embodied carbon  

• Aligned with the goals of the Blue Angel for  
Software :) 
 

Tech Slide
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Eco CI
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Eco-CI

• Integration into Github / Gitlab directly


• Export to central dashboard


• Statistical comparisons over time


• PR-triggered measurements


• Support for all major CI / CD systems


• FOSS - MIT License


 
 
 
 
Example for Github PRs: https://github.com/green-coding-berlin/green-metrics-tool/pull/653 
 
Example for Django Measurements over time: https://metrics.green-coding.io/ci.html?repo=green-coding-
berlin/django&branch=main&workflow=60545070 

Estimation in CI / CD Pipelines

Tech Slide

https://github.com/green-coding-berlin/green-metrics-tool/pull/653
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Green Metrics Tool
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Tech Slide

• Benchmarking via Standard-Usage-Scenarios 


• (academia based via UCB / Öko-Insitut e.V.)


• Reproducibility / DevOps Integration via 
version control, orchestration and HW-Limits


• Dashboard with statistical comparison 

• Modular / Extendable reporters for: Energy (Components, Machine), CO2 (Grid Intensity), Network, Memory, 
Temperature, Frequency, Embodied Carbon, VMs, distributed architectures ...


• SCI (ISO-Norm) / Blauer Engel compatible (German Eco Label) / ISO 14001/ GHG protocol


• Cluster-Automation with Measurement-Accuracy-Control


• FOSS - AGPL 3.0 License


• Online Dashboard: https://metrics.green-coding.io/index.html

Green Metrics Tool
CO2- and Energy-Measurement
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Create CO2 and Energy profiles of applications
Green Metrics Tool



GREEN CODING;￼19

Green Metrics Tool

• Detailed component break-down of an 
application


• Software with identical behaviour  
can have a vastly different carbon profile.


• Potential:


• Profiling before applications go to production


• Selection of dependencies


• Standard Software recommendations for Org.

Quantify, Identify and Optimize Software Applications
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Understanding outwards visibility: CO2 emissions of Front-Ends, APIs und Websites
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Green Metrics Tool

• Network data and client-side rendering  
(e.g., through browsers/apps) also cause  
CO2 emissions.


• Front ends differ greatly in this regard.


• Front ends contribute significantly to  
the CO2 profile of an application.


• Emissions are visible and measurable  
and contribute to the external impact.

Images from https://website-tester.green-coding.io - Try it out! :)

https://website-tester.green-coding.io
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Cloud Energy
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Cloud Energy

• The setup of the model is based  
on a research paper from Interact DC  
and the University of East London


• 90%+ Accuracy in/out-of sample


• Near 0% overhead 


• XGBoost implementation


• POSIX stream compliant


• Usable in minimalistic environments 
cross-platform (Linux Microcontrollers / Automotive) with only native OS dependencies


• FOSS - MIT License

Estimation for Cloud and VMs

Tech Slide
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Ok, nice tool overview
How do I see the bigger picture now?
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Carbon DB
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CarbonDB
Integrating carbon data sources to a centralised dashboard

• Aggregation Dashboard for GCS 
Tool eco system


• Supports arbitrary data inputs 
also (e.g. own power generation)


• Supports also interfacing with 
already existing Dashboards 
like Grafana through API Gateway
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CarbonDB
Drill-Downs by user, machine, project, team etc.
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Full client view

Energy efficiency of can differ significantly

Anonymized
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What does CarbonDB allow
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Summary

• Get Insights into real time relation of embodied vs. operational emissions


• Identify most emitting teams / products


• Understand how load shifting / location shifting impacts your IT infrastructure footprint


• Easily create monthly reports 

• Integrate any IT component that can make a web request 

• Try it out, it is open source!
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Want to know more?
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Thank you

• Website / Blog / Newsletter: https://www.green-coding.io


• Demo Open Data Repository: https://metrics.green-coding.io


• Our tools: https://www.green-coding.io/#products


• Our case studies: https://www.green-coding.io/case-studies


• Meetup group (Berlin / Remote): https://www.meetup.com/green-coding


• E-Mail: arne@green-coding.io

https://www.meetup.com/green-coding
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Optimization Potentials
How and where to reduce - Low hanging fruits
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Dynamic scaling VMs - Kubernetes / Docker Swarm etc.
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Potentials in Architectures

• Machines turn off when no 
user is using them


• Machines turn on when demand 
is increasing


• Scale-to-zero architecture can  
save up to 100% of avoidable 
emissions (idle time)


• Overhead can often be merged 
to existing load balancers

https://middleware.io/blog/what-is-autoscaling/
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Potentials in dependencies / components

• Software carbon and energy transparency


• Different software products for same 
use-case can have vastly different 
energy and carbon profiles


• Levers:


• Library / Dependency selection


• Default software recommendations

Quantifying dependencies and toolchains in terms of carbon
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Power behaviour of hardware and how to leverage non-linearity. Cloud and non-cloud!
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ASUSTeK Computer Inc. RS720Q-E9-RS8 
(2019)

High Idle, but almost linear

Potentials of different hardware configuration

QuantaGrid D43K-1U (2022)

Idle optimized

Hewlett Packard Enterprise ProLiant DL110 
Gen10 Plus

50% Power increase at 70% utilization
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Programming language potentials

Energy efficiency of can differ significantly• Greenlab study has looked at different 
programming languages for a  
pure compute task


• Comparison of energy, runtime and memory 
footprint


• C# 3x slower than C


• Javascript 6x runtime vs. C, but only 4x energy


• Python 75x more energy than C, 25x of C# 
=> Does NOT account for C machine learning libraries

Energy efficiency of can differ significantly
Programming language potentials
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Model difference 
AI Model Inference

Source: https://www.scaleway.com/en/blog/how-can-engineers-make-it-more-sustainable-part-4/
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Model difference 
AI Model Inference
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GREEN CODING;

How much can you save by selecting beneficial DC locations?
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Potential: Save carbon by location shifting
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For your customer facing digital services
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Potential: Avoid a bad PR case

snocks.de launched new "sustainability" page

http://snocks.de
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https://www.sei.org/perspectives/move-beyond-carbon-tunnel-vision/

Carbon tunnel vision
Are we there yet?


