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Prognose des IKT-Strombedarfs in Deutschland bis 2020
(Prozentualer Anteil nach Sektoren)

Netzzugang und Kernnetz

Server und Rechenzentren

Endgeräte in Unternehmen
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Motivation 1: Energy Consumption of ICT is still increasing 

Datenquelle: Fraunhofer IZM; Fraunhofer ISI (2009): Abschätzung des Energiebedarfs der weiteren Entwicklung der Informationsgesellschaft, S. 115 
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ENERGY STAR® is a registered mark owned by the US government 

 

Motivation 2: An Energy Label for Software is missing! 
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Source: http://en.wikipedia.org/wiki/Software_bloat 

Motivation 3: Windows® Hardware Requirements 
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What is Green and Sustainable Software? 

“Green and Sustainable Software is software  

 whose direct and indirect negative impacts on economy, 

society, human beings, and environment 

 that result from development, deployment, usage, and 

disposal of the software are minimal and/or 

 which has a positive effect on sustainable development” 
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What is Sustainable Software Engineering? 

“Sustainable Software Engineering is the art of 

 defining and developing software products in a way so that 

 negative and positive impacts on sustainability that  

result or are expected to result from the software product 

 over its whole lifecycle  

 are continuously assessed, documented and optimized” 



II. A Generic Model for Green and 

Sustainable Software Engineering 
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The 

GREENSOFT 

Model 
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Life Cycle Thinking for Software Products 
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Sustainability relevant criteria 
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Life Cycle Thinking for Software Products 

Starting points for activities 
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AcquisitionDistributionDevelopment Disposal
Product

Definition
Usage Deactivation

Sustainability Relevant Criteria 

… 

Transportation for daily way to work 

Working conditions (offshore workers) 

Business trips 

Energy for ICT 

Office lighting 

Office HVAC 
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AcquisitionDistributionDevelopment Disposal
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… 
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AcquisitionDistributionDevelopment Disposal
Product

Definition
Usage Deactivation

Sustainability Relevant Criteria 

… 

Accessibility 

Update size & frequency 

Screen size requirements  

Hardware requirements 

Memory & processor usage 

Network load 
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Starting Points for Activities 

AcquisitionDistributionDevelopment Disposal
Product

Definition
Usage Deactivation

Optimize development process 



23 

Starting Points for Activities 

AcquisitionDistributionDevelopment Disposal
Product

Definition
Usage Deactivation

Estimate impacts and  

optimize product 
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Overview of a GSE-Process Model 
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Development Lifecycle Phase
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III. Influences of Software on Energy 

Consumption 
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Software Selection and Configuration 

 How big is the influence of the software selection and 

configuration on the energy efficiency?  

 Type of user  

 Private users  

 Professional users  

 Typical end user test scenarios 

 Word processing  

 Browsing the web 
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Test Scenarios for Internet Browsers 

 Comparing two browsers 

 Internet Explorer 8 

 Mozilla Firefox 3.6 

 Measurement of the energy consumption for 10 minutes  

 Websites with different kinds of content  

 Video Streaming  

 Knowledge Base (text and images) 

 Geographical Information System (JavaScript) 



30 

Results of the “Wikipedia” Test 

Consumption of resources of the knowledge base website 
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Test Rig 
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Measuring Options 
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Measuring Joomla: Setup of the Testing Website 

 Content: 
 text passages from EU legal 

documents 

 self-taken photographs 

 graphics from R&D project 

 Navigation area: 
 10 articles without optimized 

images 

 10 articles with optimized 

images 

 list of 100 generic articles to 

simulate paging 
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Measurement results 

 Comparing different scenarios: 

 common techniques reducing resource consumption of 

websites do also reduce the energy consumption 

 approx. savings: 4.23 % (see table below) 

 may be further increased by implementing additional 

suggestions  

Scenario Load level Energy (AVG) 

a) Joomla without any improvements (reference system) 50% 39.250 Wh 

b) 
Joomla with application level cache, optimized images 

and compression 
50% 37.573 Wh 
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Scenarios and Workload Definition 

 Workload levels: 

 10 % CPU load with 20 users 

 30 % CPU load with 50 users 

 50 % CPU load with 72 users 

 Measurement experiements 

 40 minutes for each SUT 

→ Set up phase (2 minutes) 

→ Stabilization phase (5 minutes) 

→ Observation periode (30 minutes) 

→ Supplementary phase (3 minutes) 
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Measuring Joomla: with vs. without HTML Caching 
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Integrating measurements into development process 
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Results 
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CSS Optimization Hints in IDEs 
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Integrating these issues e.g. into Scrum 



IV. Summary & Challenges 
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Visualizing of Energy & Web: Green Power Indicator 

 A tool to visualize the power quality of a website 

 For users in the life cycle phase usage/maintanance 

 Visualization to create awareness 
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Challenges 

 What is energy-efficient Software? 

We need reproducible metrics and measurement, and 

we need energy-aware software architectures! 

 

 How can we produce energy-efficient Software? 

We need process models which contain “green” ideas! 

 

 How can we reinforce energy-efficient Software? 

customer requirements, norms, certificates, teaching … 
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Thank you for your attention! 

Feel free to contact us: 

Stefan Naumann 
{s.naumann|e.kern}@umwelt-campus.de 

Trier University of Applied Sciences 

Environmental Campus Birkenfeld 

Institute for Software Systems 

Germany 

greensoft@umwelt-campus.de 

http://www.green-software-engineering.de/ 
Ref.-No. 17N1209 


