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Temperature Change in BW
[Haw24]



Climate Crisis – Responsibility of the ICT 
Sector

ICT’s carbon footprint? ► 2.1 – 3.9 % of global GHG emissions

Main GHG sources?
► Operation: Energy consumption

► Manufacturing: Embodied carbon

Renewable energies?
► Required for other purposes

► Does not solve all environmental issues

Consequence? ► Drastic decrease in energy 
demand and emissions necessary
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[FBW+21]



Energy Demand of Data Centers
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[IEA24]
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[GSF22]



Approach & Overview

T2-Project

Approach

• Comparison of cloud-based architecture styles
• Focus: Modular Monolith vs. Microservices
• Metric: Energy Efficiency

Reference 
Application

• Microservices: T2-Project (implementing saga pattern)
• Modular Monolith: Own implementation

Measurement 
& Analysis

• Measurement Environments:
1. Green Metrics Tool
2. Kubernetes & Kepler
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https://t2-documentation.readthedocs.io/


Modular Monolith vs. Microservices
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Why Comparing These Two Architecture Styles?

[Bro18]



Related Work

Monolith

Better throughput 
under low load

Lower response times
(no overhead through network 

communication)

Microservices

Better throughput under 
high load

(especially in compute-
intensive scenarios)

Better scalability
(due to smaller 
components)
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Monolith vs. Microservices in Terms of Performance

Papers are listed on slide References for Related Work



Reference Application
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Reference Application – T2-Project
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Business & System Context
                                         

        

    

                      
      

        

          

                         
                

        

          

                       
          

    
        
     



Reference Application – T2-Project
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Variants: T2-Microservices & T2-Modulith

                                 

           
        

        
                

                 
            

            
        
         

   
     

   
      

                                      

                
        

             

                 
            

            
            

            
         

             
         

         
                

  
                    

         
                

     
                

       
                

            
                

    
                

    
           

    
           

    
           

    
           

    
           

    
           

    
           

   
     

   
     

   
      

   
      



Reference Application – T2-Project
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Implementation of the Saga Pattern & Messaging Middleware

                                 

           
        

        
                

                 
            

            
        
         

   
     

   
      

                
        

             

                 
            

            
            

            
         

             
         

          
                    

     
                    

         
                    

         
                

  
                    

         
                

     
                

       
                

            
                

    
                

    
           

    
           

    
           

    
           

    
           

    
           

    
           

   
     

   
     

   
      

   
      

         
     

         
     

         
     

         
     

   
      

   
      

       
     

   
     



Reference Application – T2-Project
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Modularity

                                              

        
           

         
        

  
        

         
        

     
        

       
        

    
        

    

    

    

    

            



Measurement Methodology
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Measurement Methodology
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Green Software Measurement Model (GSMM) by Guldner et al. (2024)

[GBC+24]



Measurement Model – Measurements & Metrics

• Metric (“useful work”): Energy consumption of one order
• Measurement: Processing of three sequential HTTP requests
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GET
product list

POST
add item to cart

POST
confirm order



Measurement Model – Procedure
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Measurement Model – Setups
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Green Metrics Tool
Kubernetes &

Kepler



Measurement Setup 1
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Green Metrics Tool



Green Metrics Tool
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Source: 
https://docs.green-

coding.io/docs/prologue/
measurement-process/ 

Main purpose: measure energy consumption of use case scenarios

https://docs.green-coding.io/docs/prologue/measurement-process/
https://docs.green-coding.io/docs/prologue/measurement-process/
https://docs.green-coding.io/docs/prologue/measurement-process/


Measurement Setup 1: Green Metrics Tool
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Green Metrics Tool – Data Evaluation
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GMT Dashboard: Single Run View (Key Metrics)



Green Metrics Tool – Data Evaluation

31.07.2024 24

GMT Dashboard: CPU Energy Consumption



Green Metrics Tool – Data Evaluation
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GMT Dashboard: CPU Utilization



Green Metrics Tool – Data Evaluation
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GMT Dashboard: Comparison View



Measurement Setup 2
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Kepler

• “Kubernetes-based Efficient Power Level Exporter”
• Measures/estimates power consumption of containers in real-time

Source: https://sustainable-
computing.io/usage/deep_dive/
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https://sustainable-computing.io/usage/deep_dive/
https://sustainable-computing.io/usage/deep_dive/


Measurement Setup 2: K8s & Kepler
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Measurement with Kepler – Data Evaluation
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Grafana Dashboard



Results & Discussion
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Results – Green Metrics Tool
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Energy Consumption of Boot Phase



Results – Green Metrics Tool
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Scenario: 100 Sequential Executions



Results – K8s & Kepler
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Scenario: 1 user, 100 executions (no scaling)



Results – K8s & Kepler
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Scenario: 50 users, 10 min ramp-up, 5 min hold



Results – K8s & Kepler
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Scenario: Compute-intensive (~1 sec per order), 50 users, 10 min ramp-up, 5 min hold



Results – K8s & Kepler
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Energy Consumption in Idle (30 min)



Discussion

No overhead through network 
communication

Only one runtime environment

Local transactions

Fain-grained scalability

Potential for better utilization of 
resources due to smaller size

Hibernate of individual components
(not tested)
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Energy Efficiency – Modular Monolith vs. Microservices

Symbols by [Fer22]



Learnings
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GMT: Good for measuring usage scenarios and comparing different versions

Kepler: Good for monitoring workloads over longer time in K8s environments

Different philosophies of measurement tools:
Measurement/Estimation? Metrics provider? Per-process measurement? Virtualized environments?

Energy consumption of network transfer? Quantification is challenging

Saga is quite slow and inefficient (but ensures data integrity and scalability)



Conclusions

Modular Monolith is easier to handle than a microservices system

Monoliths are more energy efficient in scenarios with low or constant load

Microservices have advantages in compute-intensive scenarios with high load

There is no general recommendation, it depends on your scalability needs
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Meetup Green Software Development Stuttgart

https://www.meetup.com/de-DE/green-software-development-stuttgart/

Nächste Termine:

• 5. September 18:00 – 20:00 Uhr
• Ort: Syngenio (Wilhelmsplatz)
• Thema: tba.

• 5. Dezember 18:00 – 20:00 Uhr
• Ort: Gutbrod (Friedrichsplatz)
• Thema: tba.
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