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Who am I? 

2Designing AI systems with environmental responsibility in mind

(Sustainable) Software 
Engineering 
& Green AI



AI-Based Software is eating the world
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AI-Based Software is eating the world
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Architecture of AI-based systems
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Hardware

Software

Data Centers
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Preprocessing Evaluation

Model Inference

Life Cycle of AI

Model Monitoring

Data Collection Model Training

Tuning



AI: What is the limit? 

7
Computing for AI training has been doubling every 3.4 month since 2012. 
[https://openai.com/research/ai-and-compute, 2018]

https://openai.com/research/ai-and-compute
https://openai.com/research/ai-and-compute
https://openai.com/research/ai-and-compute
https://openai.com/research/ai-and-compute
https://openai.com/research/ai-and-compute


AI-Based Software is Heating the world
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"By 2026, the AI industry is 
expected to
have grown exponentially to 
consume at least ten times its 
demand in 2023."
 

Training 1 NLP model: 5x 
lifetime emissions of a car.

INTERNATIONAL ENERGY AGENCY (2024) & Strubell et al. (2019)



AI-Based Software is Heating the world
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Google’s global data centers 
consumed ~6 billion gallons of 

potable water in 2024

Chat-GPT emits 4.3 g of CO₂ for a 
single query and uses nearly 

0.5 L for 10-50 queries (GPT-3).

Training GPT-3 was equivalent 
to supplying electricity for about 

120 U.S. homes annually, or 
emitting 552 t CO₂



Greening  
AI-Based Software
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Green AI 
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“Green AI regards practices aimed at [...] 
mitigating the impact that AI itself can 
have on the natural environment.”

Verdecchia et al. (2023)



Red AI vs Green AI
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Red AI

Accuracy: 0.999999999999 Energy
Time

Reproducibility
Reusage

Green AI

Schwartz et al. (2020)



Green AI: Where are we now?
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Architecture of AI-based systems
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Hardware

Software

Data Centers

Green tactics

Low power hardware

‘Green’ data centers

Follow the sun Scheduling

Edge / Federated Computing

Distillation
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Preprocessing Evaluation

Model Inference

Life Cycle of AI

Model Monitoring

Data Collection Model Training

Tuning
Data CleaningReduced datasets

Pruning

Quantization

Pre-trained models

Convergence-based
Early Termination

Integration of 
Sustainability metrics

Batching queriesConcept Drift detectors

Prompt Engineering



Research General Directions
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From LLMs to (D)SLMs
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Large Language Model

Small Language Model

Domain Specific Language 
Model



AI as microservices
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Interface

LLM Router



Complexity everywhere?

19Cruz et al. (2025)



Evolving AI Systems
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● Rapid emergence of new models
and architectures

● Continuous hardware and
accelerator (e.g., GPU, AI chips) 
innovation

● Frequent changes in software 
frameworks and stacks



Measuring Environmental Impact
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● Multiple metrics with different 
meanings and scopes (e.g., J, W, 
CO2eq)

● Environmental impact varies over 
time and location (e.g., rebound 
effect)

● Sustainability spans full system 
lifecycle (e.g., LCA)



Limited Access and Representativeness

22

● Limited access to large scale
industrial infrastructure

● Studies focus on small or local
systems by necessity

● Difficulty validating results at 
realistic scale

● Dominant AI systems often remain
opaque



Comparing and Reusing Results
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● Results are highly context 
dependent

● Hardware, configuration, and
workload strongly influence
outcomes

● Lack of shared reporting formats 
and metadata

● Hard to generalise findings across
systems



People and Organisational Change
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● Sustainability impact is indirect and
delayed

● Limited incentives to optimise for
energy or carbon

● Low trust in complex or uncertain
measurements

● Tools are not adapted to existing
workflows



Greening AI : From Complexity to Actionable 
Directions

25Cruz et al. (2025)



Evolving AI Systems
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● Rapid emergence of new models
and architectures

● Continuous hardware and
accelerator (e.g., GPU, AI chips) 
innovation

● Frequent changes in software 
frameworks and stacks

➢ Focus on system level abstractions
rather than model specific
optimisations

➢ Study trends across model and
hardware generations

➢ Encourage software hardware co-
design for energy efficiency



Measuring Environmental Impact
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● Multiple metrics with different 
meanings and scopes (e.g., J, W, 
CO2eq)

● Environmental impact varies over 
time and location (e.g., rebound 
effect)

● Sustainability spans full system 
lifecycle (e.g., LCA)

➢ Use multiple complementary metrics
instead of a single score

➢ Support component level attribution
where possible (critical path)

➢ Evaluate impact across the full AI 
system lifecycle (Adaptive systems)



Limited Access and Representativeness
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● Limited access to large scale
industrial infrastructure

● Studies focus on small or local
systems by necessity

● Difficulty validating results at 
realistic scale

● Dominant AI systems often remain
opaque

➢ Identify when small scale
experiments are valid proxies

➢ Develop trusted industry academia
collaboration models

➢ Report scope and representativeness
limits explicitly



Comparing and Reusing Results
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● Results are highly context 
dependent

● Hardware, configuration, and
workload strongly influence
outcomes

● Lack of shared reporting formats 
and metadata

● Hard to generalise findings across
systems

➔ Risk of misleading comparisons and
rankings

➢ Standardise reporting formats and
contextual metadata

➢ Focus on patterns and practices
rather than rankings

➢ Hardware agnostic programming



People and Organisational Change
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● Sustainability impact is indirect and
delayed

● Limited incentives to optimise for
energy or carbon

● Low trust in complex or uncertain
measurements

● Tools are not adapted to existing
workflows

➢ Align incentives with sustainability
goals

➢ Provide role specific guidance for
researchers, engineers, and
managers

➢ Establish specific regulation
➢ Design easy/ready to use tools for

existing workflows
➢ Education
➢ Multidisciplinary research



Behave Workshop at ICT4S 2026 (12/06/26)
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https://www.noureddine.org/research/behave/ict4s-2026-workshop


Wrap Up
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Philosophy
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Human Intelligence before Artificial 
Intelligence

34
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