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[bookmark: _Toc227227003]Introduction

This Practical Delivery Guide serves as a pedagogical roadmap for educators and trainers involved in the implementation of the Digital4Sustainability upskilling curricula. Its primary objective is to ensure a standardized, high-quality delivery process that effectively bridges the gap between theoretical knowledge and industry-ready practical competences.
The curricula within this framework follow a blended learning approach, combining self-directed study through comprehensive, instructor-led sessions. The delivery is structured to foster active learning, encouraging participants to engage deeply with the material through 2 core components:
· Face-to-Face (F2F) activities: Collaborative sessions designed for knowledge exchange and the clarification of complex concepts.
· Project-Based Learning (PBL) activities: Hands-on activities and lab tasks that simulate real-world challenges.
A central feature of this methodology is the Capstone Project, an incremental assessment strategy where learners synthesize their skills through integrated workshops. Instead of traditional exams, this guide emphasizes a project-based evaluation, requiring learners to produce measurable outputs—such as refactored code, architectural designs, and executive briefings.
By following the guidelines provided in this document, trainers can facilitate a learning environment that not only transmits technical expertise but also empowers professionals to lead Europe’s twin digital and green transition.








[bookmark: _Toc227227004]Module 1: Sustainable Software Engineering

	[bookmark: _Toc227227005]Activity title:
	Sustainable Software Engineering

	[bookmark: _Toc227227006]ESTIMATED DURATION: 
	12 hours 

	[bookmark: _Toc227227007]Delivery Format:
	☐ Onsite 
☐ Online 
x Blended

	[bookmark: _Toc227227008]Handbook Reference:
	Module 1, T1.1. Introduction to Green Software and Architecture (2h), T1.2. Sustainable SOLID Principles (4h), T1.3. Design Patterns for Energy Efficiency (4h), T1.4. Measuring the Impact of Your Code (2h)

	[bookmark: _Toc227227009]Learning Outcomes Supported:
	· Explain the principles of green software engineering and sustainable software architecture, including their role in reducing energy consumption and software-related carbon emissions.
· Apply sustainable SOLID principles and energy-efficient design patterns to develop software that minimizes resource usage and environmental impact.
· Select and implement efficient algorithms and data structures to optimize computational performance and reduce energy consumption.
· Develop parallel and asynchronous software solutions that improve execution efficiency while minimizing unnecessary energy usage.
· Measure, analyze, and interpret the energy consumption and carbon footprint of software applications using appropriate tools and metrics.
· Integrate green software principles throughout the software development lifecycle, from design and implementation to testing and optimization.



Goal: The goal of this module is to equip students with the theoretical understanding and practical skills required to design, develop, and evaluate software systems in a sustainable manner, emphasizing the reduction of energy consumption and carbon emissions through informed architectural, design, and implementation decisions.

Objectives: 
· Explain the principles of green software engineering and sustainable software architecture, and their role in reducing energy consumption and software-related carbon emissions.
· Apply sustainable interpretations of SOLID principles and energy-efficient design patterns to create software solutions with minimized resource usage and environmental impact.
· Select and implement efficient algorithms and data structures to optimize computational performance while reducing energy consumption.
· Develop parallel and asynchronous software solutions that enhance execution efficiency and avoid unnecessary energy use.
· Measure, analyse, and interpret the energy consumption and carbon footprint of software applications using appropriate tools, metrics, and profiling methodologies.
· Integrate green software engineering principles across the entire software development lifecycle, from design and implementation to testing, evaluation, and optimization.

Required Materials and Resources for implementation:
· Hardware/Software: Projector/Screen, Laptops for learners.
· Assets:
· Module 1 Wrap-Up Video: GSF_D4_Video1
· Learner Handbook for Green Software Fundamentals curricula:  GSF_D2_Learner_handbook

Activity Structure:
	Step
	Time
	Activity / Subtopic
	Description / Guidelines for Trainer
	Learner Task
	Output / Evidence

	T1.1. Introduction to Green Software and Architecture (2h)

	1
	0.5 h
	Introduction to Green Software and Architecture (Concepts)
	Introduce green software engineering, environmental impact of software, and the misconception of “intangible” code. Use real-world examples (streaming, cloud, AI).
	Listen, ask questions, take notes
	

	2
	0.5 h
	Digital Pollution & Emission Scopes
	Explain data centres, networks, devices, and hardware manufacturing. Present Scope 1, 2, and 3 emissions using diagrams and charts.
	Identify emission sources in daily digital activities
	Short written list

	3
	0.5 h
	Architecture vs. Design Decisions
	Discuss monolith vs. microservices, batch vs. real-time, serverless concepts, and long-term carbon impact.
	Group discussion: identify greener choices
	Discussion summary

	4
	0.5 h
	Reflection Activity
	Guide learners through digital carbon footprint calculation using online tools.
	Calculate personal digital footprint and reflect
	Reflection

	T1.2. Sustainable SOLID Principles (4h)

	5
	0.5 h
	Sustainable SOLID Overview
	Recap SOLID principles and introduce sustainability perspective (energy, memory, maintenance energy).
	Concept mapping of SOLID → sustainability
	Concept map

	6
	1.0 h
	SRP & OCP in Practice
	Explain SRP and OCP with energy-focused examples (memory footprint, recompilation, CI/CD energy).
	Analyse bad design examples
	Annotated code

	7
	1.0 h
	LSP, ISP, DIP & Energy Impact
	Show how violations increase defensive code, dependencies, and resource usage.
	Match principles to energy benefits
	Worksheet

	8
	1.0 h
	Micro-Activity: Code Refactoring
	Guide refactoring of UserManager into SRP-compliant classes using at least one SOLID principle.
	Refactor code
	Refactored source code

	9
	0.5 h
	Discussion & Quick Check
	Review takeaways, discuss sustainability–quality alignment, run quiz questions.
	Answer quiz & reflect
	Quiz results

	T1.3. Design Patterns for Energy Efficiency (4h)

	10
	0.5 h
	Patterns & Energy Efficiency Intro
	Explain why object creation, polling, and duplication waste energy. Introduce GoF patterns.
	Identify inefficient patterns
	Short answers

	11
	1.0 h
	Singleton & Observer Patterns
	Deep dive into resource reuse and event-driven execution. Show CPU/energy implications.
	Analyse polling vs event-driven design
	Analysis notes

	12
	1.0 h
	Caching, Lazy Initialization & Proxy
	Explain how avoiding unnecessary computation saves energy. Use diagrams and examples.
	Propose pattern usage for scenarios
	Design sketches

	13
	1.0 h
	Micro-Activity: Object Pooling Benchmark
	Run pooled vs non-pooled database code, measure time, memory, CPU.
	Execute benchmarks & record data
	Measurement table

	14
	0.5 h
	Review & Quick Check
	Discuss results, sustainability trade-offs, and quiz questions.
	Quiz + discussion
	Quiz results

	T1.4. Measuring the Impact of Your Code (2h)

	15
	0.5 h
	Why Measurement Matters
	Explain “you cannot reduce what you do not measure”, introduce energy vs carbon concepts.
	Identify measurable metrics
	Metric list

	16
	0.5 h
	Energy → Carbon Calculation
	Walk through formulas, carbon intensity, and provided C# examples.
	Perform sample calculations
	Calculation results

	17
	0.5 h
	Measurement Tools
	Demonstrate Task Manager, Activity Monitor, Visual Studio Diagnostic Tools.
	Observe and record metrics
	Screenshots / logs

	18
	0.5 h
	Micro-Activity: Image Processing Benchmark
	Compare baseline vs optimized code, analyse CPU, memory, energy, carbon savings.
	Run benchmark & analyse
	Comparison report (1 page)




Expected Outputs / Deliverables
· Quiz results
· Reports

Assessment Criteria (more in a form of Feedback Guidelines and Success Indicators)
Instructions for the Trainer: 
· Conceptual Understanding. Assesses the learner’s ability to explain key concepts of green software engineering, including energy consumption, carbon emissions, sustainable architecture, and design principles. Evidence: correct explanations, participation in discussions, quiz answers. 
· Practical Implementation & Measurement. Measures the learner’s ability to implement code, use profiling or measurement tools, and interpret performance, energy, and carbon-related metrics. Evidence: benchmark results, measurement reports, screenshots, calculations.
· Analysis, Reflection, and Sustainability Awareness. Assesses critical thinking, including the ability to analyze results, reflect on environmental impact, and propose improvements aligned with sustainability goals. Evidence: written reflections, comparison reports, reasoned conclusions.
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	[bookmark: _Toc227227011]Activity title:
	Energy-Efficient Architecture

	[bookmark: _Toc227227012]ESTIMATED DURATION: 
	8 hours

	[bookmark: _Toc227227013]Delivery Format:
	☐ Onsite 
☐ Online 
x Blended

	[bookmark: _Toc227227014]Handbook Reference:
	Module 2, T2.1. Architectural Models: MVC and Sustainable Design (2h), T2.2. Microservices and Modern Architectures (2h), T2.3. Sustainable Cloud Computing (2h), T2.4. Carbon-Aware Computing (2h)

	[bookmark: _Toc227227015]Learning Outcomes Supported:
	· Evaluate and compare software architectural models (e.g., MVC, microservices) based on their energy efficiency, scalability, and environmental impact.
· Design and assess microservices and modern architectures with respect to resource utilization, system efficiency, and sustainability goals.
· Apply sustainable cloud computing strategies, including workload optimization, virtualization efficiency, and energy-aware deployment models.
· Design system architectures optimized for renewable energy availability, incorporating carbon-aware and energy-adaptive computing techniques.
· Analyze and apply carbon-aware computing approaches to reduce emissions by aligning computation with low-carbon energy sources.
· Apply sustainable IT operations (GreenOps) practices, including monitoring, optimization, and continuous improvement of energy efficiency in production systems.



Goal: Enable students to design, evaluate, and operate modern software architectures that are scalable, maintainable, and environmentally sustainable, with a strong understanding of cloud efficiency and carbon-aware decision-making.



Objectives: 
· Explain how architectural models (MVC, microservices) influence sustainability, maintainability, and scalability.
· Analyze architectural decisions in terms of energy consumption, resource usage, and long-term environmental impact.
· Apply sustainable principles when designing or selecting cloud-based architectures.
· Understand and evaluate carbon-aware computing strategies in modern cloud environments.
· Propose practical techniques to reduce the carbon footprint of software systems while maintaining performance.

Required Materials and Resources for implementation:
· Hardware/Software: Projector/Screen, Laptops for learners.
· Assets:
· Module 1 Wrap-Up Video: GSF_D4_Video1
· Learner Handbook for Green Software Fundamentals curricula:  GSF_D2_Learner_handbook

Activity structure:
	Step
	Time
	Activity / Subtopic
	Description / Guidelines for Trainer
	Learner Task
	Output / Evidence

	T2.1 Architectural Models: MVC and Sustainable Design (2h)

	1
	0.5 h
	MVC Architecture Overview
	Explain MVC components (Model, View, Controller) and separation of concerns. Use diagrams and real-world application examples.
	Listen, ask questions, take notes
	Notes

	2
	0.5 h
	MVC & Maintainability
	Discuss how modularity reduces maintenance effort, rework, and energy usage over time.
	Identify benefits of separation of concerns
	Short written summary

	3
	0.5 h
	Sustainable Design Perspective
	Connect MVC to sustainable design (reduced redundancy, easier updates, longer software lifespan).
	Group discussion: sustainability advantages
	Discussion summary

	4
	0.5 h
	Mini Case Study
	Analyze a simple monolithic vs MVC-based application scenario.
	Identify sustainability improvements
	Case analysis

	T2.2 Microservices and Modern Architectures (2h)

	5
	0.5 h
	Microservices Fundamentals
	Introduce microservices, APIs, containers, and independent deployment. Compare with monolithic architecture.
	Listen and ask questions
	Notes

	6
	0.5 h
	Sustainability Trade-offs
	Discuss benefits (scalability, fault isolation) and costs (network overhead, orchestration energy).
	Identify pros/cons
	Comparison table

	7
	0.5 h
	Modern Architectures
	Introduce serverless, event-driven systems, and edge computing from a sustainability view.
	Match architecture to use cases
	Worksheet

	8
	0.5 h
	Architecture Decision Exercise
	Present real scenarios (e-commerce, IoT, batch analytics).
	Choose architecture and justify
	Short justification

	T2.3 Sustainable Cloud Computing (2h)

	9
	0.5 h
	Cloud Computing & Sustainability
	Explain cloud resource sharing, virtualization, elasticity, and energy efficiency.
	Listen and take notes
	Notes

	10
	0.5 h
	Resource Optimization Strategies
	Discuss right-sizing, autoscaling, container efficiency, and idle resource reduction.
	Identify optimization techniques
	Optimization list

	11
	0.5 h
	Time-Shifting & Workload Placement
	Explain scheduling workloads during low-carbon periods and regions.
	Analyse example schedules
	Annotated schedule

	12
	0.5 h
	Cloud Sustainability Case
	Review a cloud migration scenario focused on cost and carbon reduction.
	Propose improvements
	Short report

	T2.4 Carbon-Aware Computing (2h)

	1 3
	0.5 h
	Carbon-Aware Computing Concepts
	Introduce carbon intensity, renewable energy mix, and real-time carbon signals.
	Listen, ask questions
	Notes

	14
	0.5 h
	Carbon-Aware Scheduling
	Explain how workloads can be shifted in time or location to reduce emissions.
	Identify suitable workloads
	Workload list

	15
	0.5 h
	Monitoring & Reporting
	Demonstrate carbon footprint monitoring tools and dashboards conceptually.
	Interpret sample metrics
	Metric interpretation

	16
	0.5 h
	Reflection & Wrap-up
	Guide reflection on ethical, regulatory, and professional responsibilities.
	Reflect and discuss
	Reflection notes



Expected Outputs / Deliverables
· Quiz results
· Reports

Assessment Criteria (more in the form of Feedback Guidelines and Success Indicators)
Instructions for the Trainer: 
· Conceptual Understanding. Assesses the learner’s ability to explain key concepts of green software engineering, including energy consumption, carbon emissions, sustainable architecture, and design principles. Evidence: correct explanations, participation in discussions, quiz answers. 
· Practical Implementation & Measurement. Measures the learner’s ability to implement code, use profiling or measurement tools, and interpret performance, energy, and carbon-related metrics. Evidence: benchmark results, measurement reports, screenshots, calculations.

Analysis, Reflection, and Sustainability Awareness. Assesses critical thinking, including the ability to analyze results, reflect on environmental impact, and propose improvements aligned with sustainability goals. Evidence: written reflections, comparison reports, reasoned conclusions.











[bookmark: _Toc227227016]Final Assessment 

	[bookmark: _Toc227227017]Activity title:
	FINAL ASSESSMENT

	[bookmark: _Toc227227018]ESTIMATED DURATION: 
	4 hours

	[bookmark: _Toc227227019]Delivery Format:
	☐ Onsite 
☐ Online 
x Blended

	[bookmark: _Toc227227020]Handbook Reference:
	Module 1, Module 2.

	[bookmark: _Toc227227021]Learning Outcomes Supported:
	All learning outcomes covered


Goal: To synthesize knowledge from the entire curriculum and verify competence through a formal defense.

Objectives:
· Identify Carbon Hotspots: Pinpoint energy-intensive components within a software workflow and map them to Scope 1, 2, and 3 emissions.
· Apply Sustainable Logic: Implement Sustainable SOLID principles and energy-efficient design patterns (e.g., Observer) to reduce unnecessary computation.

Required Materials and Resources for implementation:
· Assessment Tools: Evaluation Rubric (printed for the trainer).
· Student Materials: 
· Final PDF report : A consolidated executive report:
· The proposed architectural structure.
· Resource scaling and cloud optimization strategies.
· Estimated theoretical carbon savings compared to a standard "unoptimized" baseline.
· Design Diagrams: Visual representations of the architecture (MVC/Microservices) and integrated design patterns.
· Carbon-Aware Scheduling Worksheet: A plan detailing which background tasks are shifted to low-carbon hours and why.

Activity structure

Workshop 1: Sustainable Logic (2 hours)
	Step
	Time
	Activity / Subtopic
	Description / Guidelines for trainer
	Learner Task
	Output / Evidence
	Project section addressed

	1
	0.5 h
	Project Selection & Scoping
	Explain "Digital Pollution." Help teams pick a project and identify where it consumes the most energy (User devices? Data centres?).
	Pick a topic and list 3 major "Carbon Hotspots" in its workflow.
	Project Charter & Hotspot List
	Problem Statement
(Defines the problem, context and motivation)

	2
	0.5 h
	Sustainable SOLID Logic
	Translate SOLID into energy terms (e.g., SRP = smaller binaries/less RAM). Focus on reducing "Maintenance Energy."
	Map 2 SOLID principles to specific components of the project.
	SOLID Design Logic
	Sustainable Design
(Shows the technical proof of how code efficiency was improved (e.g., Caching/Observer))

	3
	0.5 h
	Green Design Patterns
	Contrast "Energy Vampires" (Polling) with "Green Patterns" (Observer, Caching, Lazy Init).
	Sketch a data-flow diagram using an Observer or Proxy pattern to save resources.
	Pattern Integration Sketch
	

	4
	0.5 h
	Efficiency Audit
	Guide teams to "cut the fat" from their initial idea. Focus on reducing unnecessary data transfers.
	Peer-review another team's design and find 2 "energy leaks."
	Audited Workflow Diagram
	Optimization Workflow
(A "Before vs. After" comparison of data flow.)


Expected Outputs / Deliverables: 
· Written Briefing (PDF) 
· Learner Feedback Forms.

Workshop 2: Green Infrastructure & Measurement (2 Hours)
	Step
	Time
	Activity / Subtopic
	Description / Guidelines for trainer
	Learner Task
	Output / Evidence
	Project section addressed

	1
	0.5 h
	Architectural Trade-offs
	Compare MVC for maintainability vs Microservices for scalability (and the "Network Tax" involved).
	Choose an architecture (MVC, Microservices, or Serverless) and justify the choice.
	Architectural Blueprint
	Infrastructure
(Justify the chosen architecture)

	2
	0.5 h
	Cloud & Resource Optimization
	Discuss "Right-sizing" and "Scale-to-Zero." Explain why idle servers are the biggest climate enemy.
	Create a scaling strategy: When does the app spin up/down to save energy?
	Resource Scaling Plan
	
Cloud strategy
(Details how the app avoids "Idle Energy" through auto-scaling.)

	3
	0.5 h
	Carbon-Aware Scheduling
	Introduce Carbon Intensity. Explain how to shift "heavy" tasks to times/places with cleaner grids.
	Identify 2 background tasks that can be delayed for "low-carbon" hours.
	Carbon-Aware Schedule
	Temporal shifting
(Explains which tasks are moved to "cleaner" hours.)

	4
	0.5 h
	Impact Pitch & Wrap-up
	Teach basic carbon estimation ($Energy \times Carbon Intensity = Impact$).
	Present the final project and estimate the % of energy saved via design.
	Final Project presentation
	Final Project presentation



Expected Outputs / Deliverables: 
· Written Briefing (PDF) 
· Learner Feedback Forms.
· Final presentation.

Assessment Criteria
This rubric is used by the trainer to grade the Final Assignment – Capstone Project during Session 3

	Criteria
	Weight
	Indicators (Pass if...)

	1. Sustainability Logic - 
	40%
	The learner correctly applied at least two Sustainable SOLID principles and one Energy-Efficient Design Pattern (e.g., Observer or Factory) to their specific project. They must explain why these choices reduce energy consumption.

	2. Architectural Strategy
	40%
	The learner justified their choice of architecture (MVC, Microservices) based on Carbon-Awareness. They must have a clear plan for Time-Shifting (scheduling tasks) and Cloud Optimization (scaling/idle reduction).

	3. Design Clarity
	20%
	The final project is concise, uses clear diagrams, and effectively communicates the theoretical carbon savings to a non-technical stakeholder.


                                                                                                                                                                

     


Pass Threshold: Learner must demonstrate accuracy in at least 2 out of 3 criteria to receive the certificate or finish the programme. 		
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