1. Energy-efficient LLMs for software developers

Introduction: LLMs are rapidly becoming part of everyday development; developers use
them to generate code in IDEs, summarize it, generate test cases, fix bugs, or support code
reviews. These tools are used many times a day, even small energy use per request can add
up, making sustainability a growing concern. To reduce energy use, prior research has
proposed many efficiency methods to build efficient LLMs. Some tasks may work well with
smaller models while other may need bigger models. This means that energy-aware decision
are task- dependent. Apart from Model size, there can be other factors that may affect
energy consumption in practice. For instance, model compression, model choice, serving
optimization (batching, caching), context strategies (RAG, code search + reranking),
parameter efficient (LoRA vs. fine-tuning), routing models (smaller first and then bigger if
needed), workflow design (when to trigger LLM).

Although many such techniques exist in research, their evidence is scattered and making it
hard for developers to know what works for which tasks. Therefore, we explore (1) which SE
tasks drive energy demand, (2) which efficiency methods reliably reduce energy, and (3)
when trade-offs in memory, runtime, and output quality are acceptable so that we can
directly inform how we build “green” developer tooling (reduce environmental impact
without reducing maintainability and productivity).

Potential Research questions:
1. Which software engineering tasks are often studied for energy-efficient LLM use?

2. What efficiency techniques have been proposed for reducing energy in developer-
facing LLM tools?

3. What evidence exists that these techniques reduce energy consumption (or carbon
impact) for different SE tasks?

4. How do other performance factors like memory use (how much RAM/VRAM is
needed) and speed (how fast the model runs) affect energy use when developers
use LLM tools? (for example, energy changes because the model uses less memory,
runs faster, or both)

5. What actionable recommendations can you provide to developers for choosing
energy-efficient designs for developer tools?
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2. Energy patterns for Programming Practices (Python or Java or of
your choice)

Introduction: The intensive use of Energy-optimized code does not just provide
environmental benefits; it can also help optimize the operational cost. However, various
programming languages are efficient for various tasks based on performance and energy
efficiency. Previous work has identified various energy patterns specific to programming
languages, such as improving loops, input output operation. Rani et al identified the energy
patterns specific to web applications.

Terminology for energy patterns: programming operations, programming concepts,
programming APls, energy patterns, code smells

Potential Research questions:

e What programming concepts play a role in writing efficient code (energy
efficiency, time efficiency)?

e Whatkind of empirical research methods (controlled experiment, survey) are
used to assess the impact of these coding practices?



e Whatkind of tools (profilers) are used to assess the impact of these coding
practices?

e How do these coding practices impact the code’s sustainability (time, memory,
energy, and task-specific metrics) ?

e What actionable recommendations can you provide to Python/Java developers?

Related Work:
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3. Software-only sustainability guidelines for greener software

Introduction:

Software has become an integral part of scientific research workflows, enabling complex
data processing and knowledge extraction. While there are many benefits with these
advancements, researchers have highlighted the growing energy footprints of these
software systems. It is estimated that the energy footprint of the ICT sector to be up to 5.5%
of world carbon emissions and 20% of all electricity and is growing at an alarming rate.
Despite the recent awareness towards energy consumption, the focus has been on
hardware with little attention on Software.

Aim: Conduct a literature review of software-only practices, principles, and guidelines that
aim to reduce the environmental impact of software through engineering decisions within

the software lifecycle (requirements, architecture/design, implementation, testing, release
engineering, maintenance).

Out of scope: hardware design, data center efficiency, cloud region choice,
network/infrastructure optimization, procurement, and organizational facilities.


https://dl.acm.org/doi/pdf/10.1145/2597073.2597110

Goal of the review: Identify what guidance exists that developers can apply directly in
software artifacts (code, architecture, runtime configuration, release pipelines), how
actionable it is, and where research gaps remain.

Potential Research questions:

e Which software lifecycle phases (requirements, design, coding, testing, CI/CD,
maintenance) have the strongest evidence-backed guidance for reducing
energy/carbon impact?

e What kinds of software practices are recommended (e.g., algorithmic efficiency, I/0
reduction, caching strategies, batching, data structure choices, concurrency patterns,
resource-aware design patterns)?

e How do papers operationalize “greener” within software boundaries (energy proxies,
runtime metrics, performance-per-watt, cost models, profiling approaches)?

e How actionable are the contributions (principles vs. concrete rules/tools), and what
tool support exists (linters, profilers, energy estimation tools, refactoring support)?

e What trade-offs are discussed (maintainability, latency, reliability, security) when
applying green software practices?

Related Work:
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