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Overview

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

Why Comparing These Two Architecture Styles?
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Related Work

Monolith vs. Microservices in Terms of Performance

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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Papers are listed on slide References for Related Work



Reference Application
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Reference Application – T2-Project

Business & System Context
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Reference Application – T2-Project

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

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

Modularity
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Measurement Methodology
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Measurement Methodology

Green Software Measurement Model (GSMM) by Guldner et al. (2024)
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[GBC+24]



Measurement Model – Measurements & Metrics
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GET – product list

POST – add item to cart

POST – confirm order

David Kopp – Energieeffizienz verschiedener Backend-Architekturstile: Monolith vs. Microservices

•         “       w   ” : Energy consumption of one order

• Measurement: Processing of three sequential HTTP requests



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

Kepler



Measurement Setup – Green Metrics Tool (simplified)
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Measurement Setup – K8s & Kepler (simplified)
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Measurement Model – Data Evaluation (Green Metrics Tool)

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

GMT Dashboard: CPU Energy Consumption
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Measurement Model – Data Evaluation (Green Metrics Tool)

GMT Dashboard: CPU Utilization
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Measurement Model – Data Evaluation (Green Metrics Tool)

GMT Dashboard: Comparison View
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Measurement Model – Data Evaluation (Kepler)

Grafana Dashboard
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Results & Discussion
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Results – Green Metrics Tool 

Energy Consumption of Boot Phase
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Results – Green Metrics Tool 

Scenario: 100 Sequential Executions
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Results – K8s & Kepler

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

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

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

Energy Consumption in Idle (30 min)
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Limitations
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One small reference application (with saga) is not representative

Autoscaling and measurement of scaling behavior could be improved

Costs of infrastructure components are not taken into account

Optimizing for energy efficiency is not everything
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Discussion

Energy Efficiency – Modular Monolith vs. Microservices
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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)

David Kopp – Energieeffizienz verschiedener Backend-Architekturstile: Monolith vs. Microservices

Symbols by [Fer22]



Learnings
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GMT: Easy usage & utilizes best practices for measuring usage scenarios

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

Different philosophies of measurement tools:
Per-process measurement? Usage scenarios? Metrics provider? Virtualized environments?

Energy consumption of network transfer? Biggest issue is data processing

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



Conclusions
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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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Additional Slides
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Foundations

Architecture & deployment styles in the cloud
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[Sol17]
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Foundations

Spring Modulith

• Set of libraries that support developers implementing logical modules in Spring Boot 

applications

• Features:

• Apply structural validation

• Document the module arrangement

• Run integration tests for individual modules

• Observe the modules interaction at runtime

• Implement module interaction in a loosely-coupled way
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Foundations

Performance of Saga Frameworks
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Source: Šte a   , M., Chaloupka, O., & Rossi, B. (2019). The saga pattern in a reactive microservices environment. https://doi.org/10.5220/0007918704830490 

https://doi.org/10.5220/0007918704830490


Reference Application – T2-Project

Business Process – Implemented with the Saga Pattern
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Measurement Setup – Green Metrics Tool

usage_scenario.yml
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name: T2-Modulith Basic Usage Scenario

author: David Kopp

description: One user gets the inventory, adds one product to cart and confirms the order.

compose-file: !include monolith-compose.yml

sci:

R_d: order

flow:

- name: single user orders one product

container: jmeter

commands:

- type: console

command: jmeter -Jhostname=backend -Jport=8080 -JnumExecutions=1 -JnumUser=1 -JnumProducts=1

-JthinkTimeMin=0 -JloggingEnabled=true -n -t /tmp/repo/t2-project-flexible.jmx

log-stdout: true

read-notes-stdout: true

read-sci-stdout: true



Measurement Setup – K8s & Kepler

Workload Generation for Scaling: 50 users, 10 min ramp-up, 5 min hold
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Results – Green Metrics Tool 
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Number of

Executions

Think 

Time [s]
Duration [s]

Machine

Energy [J]

CPU Energy 

[J]

Memory 

Energy [J]

Network 

Energy [J]

SCI 

[mgCO2e / 

order]

Modulith 0 0 3.8 113.3 53.2 3.0 0.0 N/A

Microservices 0 0 4.0 125.6 55.9 3.4 0.5 N/A

Modulith 1 0 5.8 181.5 85.8 5.4 1.0 34.2

Microservices 1 0 16.6 441.3 164.3 14.0 4.7 87.3

Modulith 100 0 13.4 393.9 166.5 13.5 83.1 0.8

Microservices 100 0 78.1 1815.3 572.1 67.2 330.3 3.8

Modulith 100 1 113.5 1809.8 254.3 58.1 84.9 4.4

Microservices 100 1 175.2 3457.7 808.7 115.5 345.6 7.6
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Results – K8s & JMeter

Scenario: 1 user, 100 executions (equal total CPU resources)

Kubernetes Resource Requests & Limits:

• Modulith: 1.5 Cores

• Microservices: 0.25 Cores
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MicroservicesModulith



Results – K8s & Kepler

CPU Usage in Idle (30 min) (one replica each)
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