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Software Carbon Emissions

Hardware Resources
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Energy Consumption 

during Production
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Software Carbon Emissions
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SCI = ((E * I) + M) per R

• See https://www.iso.org/standard/86612.html and https://sci.greensoftware.foundation/ for more details

Software Carbon Intensity (SCI) Specification

I = Carbon emissions per 

kWh of energy, 

gCO2eq/kWh

E = This is the energy 

that a software system 

consumes at runtime.

R = Functional unit; this is how the 

software scales, for example per user 

or per API call

M = CO2-eq emissions for 

the production of

hardware / software

https://www.iso.org/standard/86612.html
https://sci.greensoftware.foundation/
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Microservices – R is typically an “API Call”

Microservice 1

Microservice …

Microservice N

API Call 1 API Call … API Call N

SCI = (( *  ) +  ) per R

https://opentelemetry.io/ 

https://opentelemetry.io/
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Microservices – E cannot be measured directly (in many cases)

Microservice 1

Microservice …

Microservice N

API Call 1 API Call … API Call N

SCI = ((E *  ) +  ) per R

https://github.com/RETIT/opentelemetry-javaagent-extension 

+Extension

+Extension

+Extension

https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
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Microservices – E is derived using models from the collected data

SCI = ((E * ) +  ) per R

https://github.com/RETIT/opentelemetry-javaagent-extension 

https://www.cloudcarbonfootprint.org/docs/methodology/ 

E

https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://github.com/RETIT/opentelemetry-javaagent-extension
https://www.cloudcarbonfootprint.org/docs/methodology/
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Microservices – I can come from several sources

SCI = ((E * I) +  ) per R

https://github.com/cloud-carbon-footprint/ccf-coefficients

I

https://www.carbon-aware-computing.com/ 

https://app.electricitymaps.com/ 

https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://www.carbon-aware-computing.com/
https://www.carbon-aware-computing.com/
https://www.carbon-aware-computing.com/
https://www.carbon-aware-computing.com/
https://www.carbon-aware-computing.com/
https://app.electricitymaps.com/
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Microservices – M is provided by various sources

SCI = ((E * I) + M) per R

https://github.com/cloud-carbon-footprint/ccf-coefficients 

M

https://dataviz.boavizta.org/serversimpact 

https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://github.com/cloud-carbon-footprint/ccf-coefficients
https://dataviz.boavizta.org/serversimpact
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Demo for Microservices in Java (Quarkus + Spring)

https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service   https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service 

java -javaagent:opentelemetry-javaagent-all.jar -Dotel.javaagent.extensions=io.retit.opentelemetry.javaagent.extension.jar 

-Dio.retit.emissions.cloud.provider=<your_cloud_provider> -Dio.retit.emissions.cloud.provider.region=<your_cloud_region> 

-jar <your_app>.jar

https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/spring-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
https://github.com/RETIT/opentelemetry-javaagent-extension/tree/main/examples/quarkus-rest-service
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Accuracy

                                                                            

                      

             

              

               

               

               

               

               

               

               
  

  
  

 
 
 
 
 
  
  

  
  

  
  

  

  
  
  

 
  
 
 

  
  
 

  
  
  

 
 
 
 
 

  
  
 

  
  
  

 
  
 
 

  
  
 

  
  
  

 
 
 
 
 

  
  
 

  
  
  

 
  
 
 

  
  
 

  
  
  

 
 
 
  
 

  
  
 

  
  
  

 
 
 
  
 

  
  
   
  
  

 
  
  
 

  
  
   
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
   
  
  

 
 
 
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
 
 
  
 

  
  
   
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
 
 
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
   

  
  

 
  
  
 

  
  
   

  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
 
 
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

  
  
  

 
  
  
 

  
  
 

              

                

                              

                                  

                                      

                           

                               

                                          

Inefficiency of power supplies (~4-12%), cooling, 

baseline consumption of main memory, BMC, …
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Load CPUnone CPUKepler CPUScaphandre CPUOTJAE CPUJoularJX

0T/s 0.01% 0.08% 0.09% 0.02% 0.10%

690T/s 28.52% 29.35% 29.66% 29.23% 30.57%

1050T/s 48.58% 48.74% 51.61% 52.64% 54.31%

1440T/s 74.67% 77.10% 78.84% 73.76% 85.05%

1680T/s 94.30% 89.72% 95.89% 93.78% 93.44%

CPU Overhead
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Power Overhead
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Thank you for your attention!

Questions?

Andreas Brunnert

brunnert@retit.de

mailto:brunnert@retit.de
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