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If you are worried about someone or you are in need of guidance yourself, 
don’t wait. We may not physically be together at EWI but we are a community 
in which there is always someone to talk to. You can contact:

- Your own academic counsellor by making an appointment here or writing an email to
ac-msc-eemcs@tudelft.nl

- One of the student psychologists at psychologen@tudelft.nl

- Your own GP or the SGZ.

- There is also a hotline for suicide prevention: www.113.nl or call 0800-0113 (this is 
anonymous)

- Is there an emergency on campus? Call 015 – 278 8888 of 112 (24/7)

- MoTiv has group and individual consultations - call 015 2006060 (16:00 – 18:00 en 20:00 –
22:00)
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We are all looking for a bit of balance within the limitations of the current 
situation. Variety is, after all, the spice of life and this not only applies to food! 

How do you balance between studying and time off? Finding time to enjoy your courses, 
getting to know people in a project, managing your time: you can find all kinds of tips, tools 
and support at TUD’s wellbeing and study page. 

Are you looking for online social events to meet up with fellow students? Check out
CH’s calendar, ETV’s calendar or Delft/SEA. Activities are in English and open to everybody. 

Looking for ways to energize yourself by trying something new? There is a well being week 
with all kinds of different activities starting from February onwards. X has all kinds of online 
courses on offer, also the fields and courts are open again. You can even go to a Gardening Quiz. 
Also, MoTiv offers inspiration workshops in May. 

Opening up and talking to the people around you is a vital part of keeping your perspective.
Finding students to work together with, meeting up frequently to check in on each other. For
practical tips on taking initiative and finding balance between studying and time off: you are 
also welcome to make an appointment with an academic counsellor at EWI. 
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Individual Sustainability
• Survey with 600+ developers

• Pandemic remote work isn’t remote work.

• “We have lost somewhere between 20%-40% 
effectiveness in use of time. In order to keep up, people 
are working longer hours. We are starting to see burnout." 
(participant 1384)

• A few proposed practices: 
Build and maintain team culture. 
Include social activities as part of “work.” 
Be mindful of other people’s time. 
Actively work to be inclusive.
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(Miller et al., 2021) 
Preprint: https://arxiv.org/pdf/2101.05877.pdf
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Green Software Engineering

• What is it?
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Bitcoin example

• No central authority — consensus algorithm.


• One transaction — multiple agents to compute a hash that 
validates the transaction.


• Several discussions regarding social sustainability.


• How does bitcoin transactions compare to traditional 
centralised transactions w.r.t. environmental impact?
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Bitcoin example
• Annual energy consumption equivalent to Chile’s (77.78 TWh).


• Problem with e-waste.
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Bitcoin example
• Annual energy consumption equivalent to Chile’s (77.78 TWh).


• Problem with e-waste.
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https://digiconomist.net/bitcoin-energy-consumption

780K

52K hours

Alternatives?

higher than the Netherlands’ (120TWh💰 > 111TWh🇳🇱)

https://cbeci.org/cbeci/comparisons
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Training Neural Networks
• Deep Learning in NLP.


• Training and tuning an NLP model is 
comparable to the CO2 emission of a 
normal car throughout its lifetime.


• Researchers should prioritize developing 
efficient models and hardware.

(Strubell, 2019)
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Green Field

• There is no awareness of the energy consumption.


• There is little information about the energy consumption of 
our decisions and practices as software architects and 
developers.


• Little is known about our footprint as users and developers. 
E.g, watch a movie in streaming platforms.

14



Greenpeace Report
•  IT sector consumes 7% of global electricity (2017).


• “The continued lack of transparency by many companies 
regarding their energy demand and the supply of 
electricity powering their data centers remains a 
significant threat to the sector’s long-term 
sustainability.”


• Report provides an analysis of environmental sustainability 
of tech providers in different angles. Transparency, Commitment, 
Energy Efficiency, Renewable Procurement, Advocacy.

Gary Cook, Jude Lee, Tamina Tsai, Ada Kongn, John Deans, Brian Johnson, Elizabeth Jardim, and Brian Johnson. 
2017. Clicking Clean: Who is winning the race to build a green internet? Technical report, Greenpeace.

15



(Greenpeace, 2017)
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(Side note)
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How to check for green hosts

• Greendomain database. Provided by The Green Web Foundation.


• https://datasets.thegreenwebfoundation.org/daily_snapshot/greendomain
18
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• Not really: Carbon offset is 
an easy strategy that allows 
large polluting services to 
simply throw money at the 
moment. 


• It practice, it boils down to 
creating monocultures of 
trees in underdeveloped 
countries.

20



Checkpoint 1
• From all the things you do as a Computer Science expert, 

name a few that you find to be carbon intensive.


• Add a sticky note with a brief answer (200 max). Add your 
name in the end.


• Upvote other answers using the thumbs up 👍 emoji.


• Some sticky notes will be selected for discussion. 
- What is the trade-off between carbon intensity and 
usefulness? 
- How could we measure?


• Miro board: https://edu.nl/8b639
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How to Measure Energy 
Consumption

1. Create a scenario. 

2. Execute and collect power data.

3. Implement energy improvement.

4. Execute and collect power data.

5. Analyse and compare results.
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Collect Power Data

• Electricity bill 🤑

• Execution time

• Estimation tools (a.k.a. energy profilers)

• Power Monitors (e.g., Monsoon)
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Estimation tools
• Windows Energy Estimation Engine (E3) 

7-day dump > powercfg.exe /srumutil  
https://edu.nl/mdkvc

• Intel RAPL (Linux and Mac).

• Powerstat (Linux) 🟢 
https://edu.nl/edcb9

• Powermetrics (Mac)

• Intel PowerGadget (Windows and Mac) 🟢 
https://edu.nl/xmdvd

• Intel PowerLog. CLI tool shipped with PowerGadget. Measure any given bash 
command. 
> /Applications/Intel\ Power\ Gadget/PowerLog -cmd <CMD>
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Other estimation tools

• Website Carbon Calculator. #LetsGreenTheWeb  
https://www.websitecarbon.com  
 

• ML CO2 Impact. Extra: it generates badges in LaTeX for ML projects. 
https://mlco2.github.io/impact/
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W = ∫
t2

t1

P(t) ⋅ dt 👍

Power

time
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• Measuring energy consumption is difficult!

• Solutions?

• Software Design Pattern 
General, reusable solution to a recurrent problem within 
a given context in software design.

• Energy Pattern 
Design pattern to improve energy efficiency.
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Energy Patterns for Mobile

https://tqrg.github.io/energy-patterns/
32 @luismcruz | 2019

https://tqrg.github.io/energy-patterns/
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Energy Patterns are more Frequent
in Android Apps
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noticed that K-9 mail was one of the most energy-greedy 
apps. IMAP IDLE protocol for real-time notifications.

• When connection is not possible the app automatically 
retries later.

• https://github.com/k9mail/k-9/commit/
86f3b28f79509d1a4d613eb39f60603e08579ea3

🙉
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Solutions?
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https://sites.google.com/view/energy-efficiency-languages

Which programming 
languages are most energy 

efficient?

(Pereira, 2017)
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https://edu.nl/9fxcv
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Checkpoint 3 
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Checkpoint 3 
• Check the Catalog of Energy Patterns for Mobile Apps. 

https://tqrg.github.io/energy-patterns/
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(max. 500 chars):
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https://tqrg.github.io/energy-patterns/

• Choose one energy pattern and do one of the following exercises 
(max. 500 chars):

• a) Explain how the pattern would help in one of your previous 
projects. Sticky note in yellow (preferably).
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Checkpoint 3 
• Check the Catalog of Energy Patterns for Mobile Apps. 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• Choose one energy pattern and do one of the following exercises 
(max. 500 chars):

• a) Explain how the pattern would help in one of your previous 
projects. Sticky note in yellow (preferably).

• b) Explain how would you measure the energy-improvement from a 
particular pattern. Sticky note in green (preferably).
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Checkpoint 3 
• Check the Catalog of Energy Patterns for Mobile Apps. 

https://tqrg.github.io/energy-patterns/

• Choose one energy pattern and do one of the following exercises 
(max. 500 chars):

• a) Explain how the pattern would help in one of your previous 
projects. Sticky note in yellow (preferably).

• b) Explain how would you measure the energy-improvement from a 
particular pattern. Sticky note in green (preferably).

• Read some of your colleague's answers and upvote your favourite 
with the emoji 👍.
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Checkpoint 3 
• Check the Catalog of Energy Patterns for Mobile Apps. 

https://tqrg.github.io/energy-patterns/

• Choose one energy pattern and do one of the following exercises 
(max. 500 chars):

• a) Explain how the pattern would help in one of your previous 
projects. Sticky note in yellow (preferably).

• b) Explain how would you measure the energy-improvement from a 
particular pattern. Sticky note in green (preferably).

• Read some of your colleague's answers and upvote your favourite 
with the emoji 👍.

• Miro board: https://edu.nl/8b639
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• Several research opportunities. Growing niche.


• Integrate systems with energy consumption feedback. (Inform users)


• Energy-efficiency at different levels. API, programming language, IDE, user, developer, 
etc. 


• Impact of different architectures. Controlling for implementation, hardware and feature 
set is not trivial. 

• Domain-specific energy patterns. So far, only mobile. 

• Green AI, E-waste, Green deFi, Green Mobile Computing…


• Many initiatives are emerging to address Sustainable IT: ClimateAction.tech; 
#LetsGreenTheWeb, TheGreenWebFoundation, #11at11, etc.

Green Open Field
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Assignment
• A) Analyze the change history of the project and find code changes that are 

related to green computing. Present and discuss the rationale behind those 
changes.


• B) Recommend energy improvements to be implemented in the project 
(development, source, infrastructure). Implement them, if possible.


• C) Measure the energy consumption of potential hotspots. (Using an energy 
profiler) 
 
Output: Two-page essay with all the rationale behind the study


• Critical thinking is a big plus. A few things to help:

• Is it always possible to reduce energy consumption?

• What are the trade-offs of improving energy efficiency?

• What are the implications on UX or business metrics?

• Would automation tools help?

• What is missing in the project to improve energy efficiency?
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Wrap-up
• What is Sustainable Software


• What is Green Software?


• How can we measure energy consumption?


• What are the sources of energy consumption in software 
engineering?


• What is an energy pattern?


• What are the common trade-offs when improving energy 
efficiency?
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