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• While learning about these works, try to be critical about them and find their 
pitfalls.
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• We have seen that measuring energy consumption is not trivial


• It is not practical considering that developers have other priorities above 
energy efficiency


• At the same time, every now and then there are some efforts to improve 
energy efficiency in some cases. This is time consuming and requires 
expertise.


• How can we reuse these efforts?
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Energy Patterns for Mobile 
Apps

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



Methodology

5. Catalog of Energy Patterns 22 
patterns

F-droid Curated Lists
1. App Collection 1783 

apps

3. Manual Refinement of Subjects of 
Interest

1563 
changes

4. Thematic Analysis
431 

reusable 
changes

2. Collect Changes With Potential Interest
/.*(energy|power|battery).*/

6028 
changes



Thematic Analysis

1. Familiarization with data 

2. Generating initial labels 

3. Reviewing themes

4. Defining and naming themes



• Energy Pattern: design pattern to improve energy efficiency.. 

• 22 energy patterns.


• Each pattern is described by Context, Solution, Example, References from 
literature, and Occurences (links to code changes from git repositories).
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https://tqrg.github.io/energy-patterns

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


Dark UI Colors 
Provide a dark UI color theme to 
save battery on devices with 
AMOLED screens.

• Context: […] Apps that require heavy usage of screen can 
have a substantial negative impact on battery life. 

• Solution: Provide a UI theme with dark background colors. […]

• Example: In a reading app, provide a theme with a dark 
background using light colors to display text. […] 
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Dark UI Colors 
Provide a dark UI color theme to 
save battery on devices with 
AMOLED screens.

• Context: […] Apps that require heavy usage of screen can 
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background using light colors to display text. […] 
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Dynamic Retry Delay

• Context: […] In a mobile app, when a given resource is 
unavailable, the app will unnecessarily try to connect the resource 
for a number of times, leading to unnecessary power consumption. 

• Solution: Increase retry interval after each failed connection. […]

• Example: Consider a mobile app that provides a news feed and 
the app is not able to reach the server to collect updates. […] use 
the Fibonacci series to increase the time between attempts.

Whenever an attempt to access a 
resource fails, increase the time 
interval before retrying.
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Batch Operations 

• Context: Executing operations separately leads to extraneous 
tail energy consumptions  

• Solution: Bundle multiple operations in a single one. […]

• Example: Use system provided APIs to schedule background 
tasks. These APIs, guarantee that device will exit sleep mode 
only when there is a reasonable amount of work to do or when a 
given task is urgent. […]
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Avoid Extraneous Graphics and 
Animations  

• Context: Mobile apps that feature impressive graphics 
and animations. […] 

• Solution: Study the importance of graphics and 
animations to the user experience and reduce them when 
applicable. […]

• Example: Resort to low frame rates for animations when 
possible. 

Despite being important to improve user experience, graphics 
and animations are battery intensive and should be used with 
moderation.  
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Energy Patterns are 
more Frequent

in Android Apps



Example case: Nextcloud

FOSS



Example case: Nextcloud

• Users complain that sometimes they go on a trip and  Nextcloud drains their 
battery. Users consider uninstalling the app when battery life is essential.


• File sync can be energy-greedy. Send large files to the server, long 3G/4G data connections. 

• It is mostly used for backup. No real-time collaboration is needed. 

• Energy requirements vary depending on context and user. Some days you really 
need all the battery you can get.


• https://github.com/nextcloud/android/commit/
8bc432027e0d33e8043cf40192203203a40ca29c

Solutions?
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Example case: K-9 mail
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Example case: K-9 mail
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Solutions?

• Some users noticed that K-9 mail was spending more energy than usual. 🙉


• A user that was having issues with a personal mail server  noticed that K-9 
mail was the one of the most energy-greedy apps. IMAP IDLE protocol for real-time 
notifications. 

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


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

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


EcoAndroid

• Plugin for IntelliJ (Android Studio)


• Dynamic Retry Delay


• Push Over Poll


• Reduce Size


• Cache


• Avoid Graphics and Animations
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Carbon-Aware Computing for 
Datacenters 

https://sites.google.com/view/energy-efficiency-languages
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Ana Radovanovic ́, Ross Koningstein, Ian Schneider, Bokan 
Chen, Alexandre Duarte, Binz Roy, Diyue Xiao, Maya 
Haridasan, Patrick Hung, Nick Care, Saurav Talukdar, Eric 
Mullen, Kendal Smith, MariEllen Cottman, and Walfredo Cirne 

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




• Google’s Carbon-Intelligent Computing System (CICS)


• Main idea: use carbon-intensity data to shift datacenter jobs in time


• Typically, job schedulers use a metric of cluster capacity to schedule a job in 
a particular cluster.


• CICS overrides this metric with the virtual capacity curve (VCC) that 
factors in Carbon intensity 

• When a new job comes in, the scheduler estimates its CPU load and power 
usage and assigns it to a cluster if the VCC is not exceeded.
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• Jobs are divided between flexible and inflexible.


• Flexible load is considered shapeable/shiftable as long as its total daily 
compute (CPU) demand is preserved


• The system needs to consider that, while running a job, the virtual capacity 
curve (VCC) might drop. Hence, this job should not start in the first place.


• They forecast VCC for the next day
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Virtual Cluster Capacity (VCC)
• Aims at reducing the peak load at carbon intensive hours but in total it should allow for the 

some amount of daily computation!


• Considers Carbon intensity 

• Using data from electricityMap.org


• It does not use carbon intensity directly. 
Carbon intensity is converted to a cost (kgCO2 -> $$)


• This way, they can factor in other metrics that can also be converted to money. E.g., the 
cost saved by preventing peak load


• Peak workload entails extra cost at the infrastructure level (e.g., control faclities’ 
temperature).


• By using money cost instead of carbon cost, they have more data available.
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Virtual Cluster Capacity (VCC)

• If the forecast of VCC fails it shift flexible workload more than expected. 


• This happens because the amount of workload forecasted was below the 
workload needed, and VCC was “aggressively” low.


• The systems fall back to the real cluster capacity for 1 week until results 
start being realistic again.
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Next steps

• They will consider spatial flexibility.


• I.e., tasks that can be shifted over time and over space.


• It needs to factor in relocation overheads, though.
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Critical questions

• Who defines what is flexible and inflexible?


• How do you estimate the CPU load of a given task?
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Energy Regression Testing

→Energy?

Greener? Greener?

Greener?

Greener?

Greener?

Greener?

Greener?

Greener?



E-compare

Github Actions

➜ https://koenhagen.github.io/E-Compare/

https://koenhagen.github.io/E-Compare/


Energy Regression Testing 



4. Debugging Energy with 
Docker Images



Unveiling the Energy Vampires 
A methodology for debugging Software 
Energy Consumption

 ✅ ICSE 2025



Data Centers and Docker

• Containers are the most popular way to deploy apps into the cloud


• Base image is an important choice when building an image


• Criteria


• Linux distribution and binaries


• Image size


• Energy?
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Redis energy consumption

• Ubuntu/Alpine base images have different energy consumption for Redis
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Redis Energy Consumption
•RQ1: What is the difference 
in energy consumption 
between glibc and musl?


•RQ2: Can we use tracing 
to compare energy 
consumption in shared 
libraries?


•RQ3: Can we verify the 
origin of energy 
consumption differences by 
recreating the workload 
behavior closely?
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Tracing
• Find libc function running at the end of the benchmark


• Tracing: Capture calls made to libc 

• Introduces non-linear overhead
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Synchronization
• Tracing slows down execution and increase energy consumption


• Run separately and synchronize with logs
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Tracing Analysis
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Tracing Analysis
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Benchmarking memcpy

• Copy bytes from one part of memory to 
another


• Depending on function parameters, different 
assembly-level optimizations


• Some not included in musl
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Benchmarking memcpy
• Copy 4 bytes from fixed 

pointer to moving pointer


• (100,300,500,600) x 1M 
requests


•  15% more power and 3X time
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Conclusions

• Significant difference in energy consumption for memcpy 

• 8.6% difference for Redis workload and 13% in our benchmark


• musl trades performance for a smaller codebase


• No official documentation


• No awareness about energy performance
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5. Energy Efficiency vs Code 
Quality



Measuring Maintainability
• According to ISO/IEC 25010, Maintainability is “the degree of 

effectiveness and efficiency with which a software product or 
system can be modified to improve it, correct it or adapt it to 
changes in environment, and in requirements” 

• We use the code analysis tool Better Code Hub to assess 
maintainability 

• Better Code Hub maps the ISO/IEC 25010 standard on 
maintainability into a set of guidelines derived from static analysis
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Maintainability of Energy Changes
• What is the impact of making energy-oriented code changes on 

the maintainability of mobile apps? 

Maintainability 
Difference 

vE-2 vE-1 vE

Energy 
Commit

vE+1

M(vE-1) M(vE)

Parent 
Commit

∆M
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Threshold Marks
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Better Code Hub
Maintainability

Combine
datasets

Energy
Commits

Baseline
Commits

Bao et al. 
(2015)

Moura et al. 
(2016)

Cruz et al. 
(2018)

Cruz et al. 
(2019)

Energy Code Changes 
Dataset

539 commits 
from 306 mobile apps

539 baseline commits 
from 306 mobile apps
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Impact of energy changes on 
maintainability
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Which energy 
patterns are more 
likely to affect 
maintainability?
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Typical maintainability issue I
https://github.com/einmalfel/PodListen/commit/2ed5a65

4 changed files with 28 additions and 0 deletions.

…

…
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Typical maintainability issue II
https://github.com/mozilla/MozStumbler/commit/6ea0268

5 changed files with 66 additions and 14 deletions.
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