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Abstract

Faced with growing environmental and economic challenges, sustainable development has
become a central concern in engineering and information systems. In this context, Sus-
tainable Software Engineering (SSE) emerges as a discipline aiming to design software
that is efficient, responsible, and aligned with long-term sustainability goals. This thesis
investigates how the integration of SSE principles with engineering methodologies can im-
prove the performance and sustainability of the Software Development Lifecycle (SDLC),
a structured framework that guides the planning, implementation, testing, and mainte-
nance of software systems. The study is based on a case project involving the development
of an e-commerce platform in Algeria. After analyzing the limitations of the company’s
software development processes, including its rigidity and lack of client interaction and
sustainability measures, several methods and tools were evaluated using a multi-criteria
comparison. Scrum was selected for its adaptability and collaborative structure. A sim-
ulation was conducted to predict and assess the impact of this integration on key project
indicators such as team velocity, rework hours, technical debt, and customer satisfaction.
The results demonstrate that applying Scrum with SSE principles improves responsive-
ness, quality, and sustainability in software projects

Keywords: Sustainable Software Engineering, SDLC, Scrum, Software Development
Process



Résumé

Face aux défis environnementaux et économiques croissants, le développement durable est
devenu une priorité centrale dans les domaines de 'ingénierie et des systémes d’informa-
tion. Dans ce contexte, l'ingénierie logicielle durable émerge comme une discipline visant
a concevoir des logiciels efficaces, responsables et alignés sur des objectifs de durabilité a
long terme. Ce mémoire étudie comment l'intégration des principes de la SSE avec des
méthodologies d’ingénierie permet d’améliorer la performance et la durabilité du cycle de
vie du développement logiciel, un cadre structuré qui guide la planification, 'implémenta-
tion, les tests et la maintenance des systémes logiciels. L’étude est fondée sur un projet de
développement d’'une plateforme e-commerce en Algérie. Aprés une analyse des limites du
processus de développement de 'entreprise, notamment sa rigidité, le manque d’interac-
tion avec le client et 'absence de prise en compte de la durabilité, plusieurs méthodes ont
été comparées selon une approche multicritére. La méthode Scrum a été choisie pour sa
flexibilité et son approche collaborative. Une simulation a été réalisée pour prédire et éva-
luer 'impact de cette intégration sur des indicateurs clés tels que la vélocité de 'équipe,
les heures de reprise, la dette technique et la satisfaction client. Les résultats montrent
que 'application de Scrum avec les principes de la SSE permet d’améliorer la réactivité,
la qualité et la durabilité des projets logiciels.

Mots-clés : Ingénierie Logicielle Durable, cycle de vie du développement logiciel,
Scrum, Processus de Développement Logiciel
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(General Introduction

In today’s increasingly digital world, software systems play a central role in shaping busi-
ness operations, user experience, and environmental impact. As digital platforms continue
to grow in complexity and scale, organizations must balance technical performance with
sustainable development goals. This need has given rise to Sustainable Software Engineer-
ing (SSE) an approach that integrates environmental, economic, and social responsibility
into the entire software lifecycle [35, 45]. When combined with agile practices such as
Scrum, SSE enables more adaptable, energy-efficient, and user-centered software systems
[39].

This project was conducted at ICOSNET, a leading Algerian IT service provider. The
core objective was to design and simulate a sustainable development workflow for an
e-commerce platform tailored to the Algerian market. The project specifically targeted
the limitations of ICOSNET’s current development process, which follows a development
process model characterized by low client involvement, rigid planning, and lack of sustain-
ability integration. Through our simulation, we explored how Scrum, supported by SSE
principles, could address these limitations and promote continuous improvement, early
feedback, and resource optimization [28].

Throughout the project, various tools and diagnostic methods were applied to evalu-
ate both technical and sustainability performance. The methodology combined theo-
retical foundations with practical implementation. Techniques such as SWOT analysis,
Ishikawa diagram, and the 5 Whys method were used to diagnose inefficiencies. Later, a
set of sustainability-oriented methods, including Scrum, Kanban, Value Stream Mapping
(VSM), and Life Cycle Assessment (LCA), were evaluated using a multi-criteria decision
matrix [24, 11]|. Based on the results, Scrum was adopted as the core framework for the
simulation objectives [2].

The practical implementation of Scrum was carried out across the most resource-intensive
phases of the Software Development Lifecycle (SDLC): design, implementation, testing,
and deployment [12]. Each sprint was carefully planned and reviewed using real project
data, prioritization techniques such as MoSCoW, and burndown charts [42].

This research contributes to a growing body of work that demonstrates the feasibility of
integrating sustainability into software development models [46]. By combining SSE prin-
ciples with Scrum, the project showed how even small teams working within constrained
environments can improve delivery rhythm, reduce waste, and maintain user-centric de-
velopment [37].



This thesis is structured as follows:

e Chapter 1: Foundations of Sustainable Software Engineering It begins by assess-
ing the environmental impact of I'T systems, then introduces core concepts in SSE,
explains its importance across the SDLC, and presents a selection of sustainable
tools such as Scrum, VSM, Kanban, and LCA.

e Chapter 2: Case Study — E-Commerce Platform Project Describes the business
context, outlines project needs and challenges, and analyzes the current develop-
ment model using SSE diagnostic tools and method selection criteria.

e Chapter 3: Optimized SDLC with Scrum Details the practical simulation of
Scrum, including sprint setup, backlog management, and feedback cycles, showing
how the team adapted agile principles to improve process flow.

e Chapter 4: Evaluation and Predictive Impact of Sustainable Scrum Adoption
Discusses the predicted and expected outcomes of using Scrum and SSE practices,
such as rework hours, team velocity, and client satisfaction, based on observed
metrics and sprint performance.



Chapter 1

Foundations of Sustainable Software
Engineering

As digital technologies continue to shape modern life, the reliance on software is increasing,
and with it, the environmental, economic, and social impacts of software systems. While
IT can play a central role in advancing sustainability, achieving real progress requires that
software itself be developed with sustainability principles in mind. SSE is an emerging
discipline that focuses on designing and managing software systems in alignment with
long-term sustainability goals [46].

This chapter introduces the foundations of SSE. It begins by presenting the environmen-
tal footprint of IT, including the CO2 emissions it generates and the potential for CO2
savings through digital solutions. We also define the Software Development Lifecycle
(SDLC), which serves as the main framework through which sustainability can be ap-
plied in practice. Furthermore, the chapter includes a comparison between traditional
Waterfall and Agile approaches to software development, highlighting their structural dif-
ferences and implications for sustainable practices. The chapter also outlines how software
engineering affects and can contribute to sustainability across four dimensions: environ-
mental, economic, social, and technical. Together, these elements form the groundwork
for integrating sustainability into software development in a structured and measurable
way.

1.1 CO2 Emissions and IT

Digital technology becomes deeply integrated into everyday life, the environmental impact
of the IT sector is growing rapidly. While it enables efficiency and productivity, it also
requires significant energy and resources, which results in CO2 emissions. This section
will examine the CO2 emissions associated with IT and the potential CO2 savings that
can be achieved through IT. Where it serves as the motivation behind this project.

1.1.1 CO2 Consumption Caused by IT

Every digital activity, like browsing, streaming, or using the cloud, consumes energy and
generates CO2, especially when powered by non-renewable sources.
Some examples :

e Data centres alone account for about 1% of global electricity use, potentially ris-



ing to 8% by 2030 without changes [32]. These facilities require massive energy,
particularly for cooling.

e Networks that support internet and mobile services are also energy-intensive. Trans-
ferring just 1 GB of data can consume 5 kWh and emit 1.5 kg of CO2 if powered
by coal [7]. Without intervention, the ICT sector could contribute over 14% of
global CO2 emissions by 2040 [9].

e Devices like desktops and smartphones add to this impact. Producing a desktop
emits 120-250 kg of CO2, with yearly use adding up to 175 kg. Their short lifespan
increases this footprint [9].

1.1.2 CO2 Savings from IT

While I'T contributes to CO2 emissions, it also has significant potential to reduce emissions
across other sectors. IT can enhance industrial operations, transportation, and energy
management efficiency, promising a more sustainable future [20].

Some studies include:

e IT has the power to optimise power grids [29], dynamically matching supply and
demand to reduce energy waste. It has been demonstrated to reduce energy con-
sumption by up to 10% in certain regions [23].

e [T solutions in transportation, such as intelligent traffic systems and fleet optimi-
sation, can reduce fuel consumption. These systems have the potential to reduce
CO2 emissions in urban areas in the future. Ride-sharing applications, autonomous
vehicles, and telecommuting have also reduced emissions [20].

e Smart Manufacturing: Iot sensors and predictive maintenance allow factories to
operate more efficiently. Manufacturers can reduce energy use and prevent costly
equipment breakdowns by monitoring machinery and optimising processes. This
approach, often referred to as lean manufacturing, has the potential to reduce
operational CO2 emissions |20, 29|

As Figure 1.1 illustrates, IT contributes significantly to CO2 emissions through data
centres, networks, and device manufacturing. However, I'T also offers solutions for CO2
savings, particularly in the power management, transportation, and industrial sectors.
By implementing these strategies, I'T can help reduce its environmental impact and play
a crucial role in achieving global sustainability goals.

1.2 The Software Development Lifecycle

The Software Development Lifecycle (SDLC) is a structured process that guides the devel-
opment of software from initial concept to deployment and maintenance. It helps teams
organize work, allocate resources, and track project progress efficiently [27, 47|. Choosing
the right SDLC model significantly impacts the success and sustainability of a project.
A standard SDLC consists of six key phases|[12, 27, 16], each with a specific purpose, as
shown in Figure 1.2:

1. Requirement Gathering and Analysis: Stakeholders define the project’s goals
and capture both functional and non-functional requirements. This step builds a
solid foundation for the rest of the process.

2. Design: Based on the analysis, the team designs system architecture, user inter-
faces, and technical components. Prototypes may be developed to validate early

7



Trends in global data center energy-use drivers

10

01 |

100 ;

Relative change from 2010 to 2018 (2018/2010)

@ Global installed storage

capacity (exabytes)
26 ® Global data center IP
traffic (zettabytes/year)
6.5 Data center workloads and Service
compute instances (millions) | 4amands
13 Global installed base of have risen
servers (millions)
@ Average PUE 075 Energy
| @ Typical server energy intensity efficiency
(watt-hour per computation)”  0.24 0.19 has
Average number of servers 0.11 increased

per workload

Average storage drive energy
use (kilowatt-hour/terabyte)

PUE, power usage effectiveness; IP, internet protocol.

Figure 1.1: Power Usage Effectiveness

concepts with stakeholders.

3. Implementation or Coding: Developers write the actual code, following the
design plan. Unit testing is performed to ensure components function as expected.

4. Testing: The software is tested through multiple levels (e.g., system, integration,

UAT) to identify bugs and verify that requirements are met before release.

5. Deployment: Once validated, the software is deployed to the production envi-

ronment. Final adjustments may be made based on live testing.

6. Maintenance: Post-deployment, the team monitors performance and addresses
user issues,

Understanding the SDLC is essential for integrating sustainability, as each phase presents
unique opportunities to reduce waste, optimize resources, and improve long-term main-
tainability. The next section explores how Sustainable Software Engineering aligns with

applying updates to keep the software secure and functional.

and improves this lifecycle.

1.2.1 The Waterfall Model

The Waterfall model is one of the earliest and most widely used software development
models, characterized by a linear and sequential flow of phases [3]. Each stage must be
completed before the next one begins, with minimal overlap or iteration. A typical Wa-
terfall process follows the steps of requirement analysis, design, implementation, testing,
deployment, and maintenance, which aligns with the standard SDLC structure described

earlier.
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Figure 1.2: A Typical SDLC

This model provides a clear and disciplined framework for software development, partic-
ularly suited for projects with well-defined requirements and low expected volatility. It
ensures that each deliverable is reviewed and approved before moving forward, offering
predictability, documentation, and control over progress. These advantages have made it
popular in enterprise environments and public sector projects [27, 36].

1.2.2 Agile Development Approaches

While traditional models like Waterfall follow a linear and phase-driven structure, Agile
represents a more flexible and adaptive mindset toward software development. Agile is
not a single method, but rather a collection of iterative, incremental approaches that
emphasize collaboration, responsiveness, and continuous value delivery|36].

Agile frameworks, including Scrum, and XP, share key characteristics: short develop-
ment cycles, evolving requirements, cross-functional teams, and direct user involvement.
Instead of fully defining requirements upfront, Agile embraces change and encourages
frequent reassessment of priorities based on feedback and working software [27].

At the heart of Agile is the idea of delivering value early and regularly. Each iteration
includes planning, coding, testing, and demonstration of potentially shippable features
[39]. This cycle promotes rapid learning, higher client satisfaction, and better alignment
with real-world needs.

In Agile environments, documentation is streamlined, and team communication is priori-
tized over formal processes. Governance exists, but it is lightweight, where it focuses more
on outcomes than procedures. This enables teams to adapt quickly to changes without
sacrificing quality [36].

1.2.3 Comparison: Waterfall vs. Agile

To highlight the contrast between traditional and modern development approaches, Table
1.1 compares the Waterfall and Agile models across key dimensions relevant to software
engineering and sustainability [36, 17].



Table 1.1: Key Differences Between Waterfall and Agile Development Models

Aspect

Waterfall Model

Agile Development

Process Structure

Sequential, phase-based

Tterative and incremental

Requirement Han-
dling

Fully defined at the beginning

Evolving  throughout  the

project

User Involvement

Late (mostly at testing/UAT
phase)

Continuous (in every iteration
or sprint)

Flexibility to | Low — changes are costly once | High — frequent re-evaluation

Change development starts and reprioritization

Delivery Style One-time delivery at the end | Frequent delivery of working
software

Documentation Comprehensive and predefined | Minimal, just enough for clar-
ity

Team Structure

Predefined, often hierarchical | self-organizing

This comparison illustrates the fundamental differences between two dominant software
development paradigms. The Waterfall model provides clarity and control but lacks the
adaptability required for fast-changing environments like e-commerce projects. In con-
trast, Agile approaches prioritize responsiveness, user involvement, and continuous deliv-
ery, those characteristics align closely with the goals of Sustainable Software Engineering|17].

1.3 Sustainability in Software Engineering

Sustainability in software engineering involves designing, building, and maintaining sys-
tems that meet present needs without compromising future viability. It aims to mini-
mize negative impacts across environmental, economic, social, and technical dimensions
[46, 35, 25].

Key aspects of Sustainable Software Engineering (SSE) include:

e Environmental Impact: Reducing energy consumption and hardware demands
helps reduce CO2 emissions while maintaining performance [32, 35].

e Economic Efficiency: Sustainable systems are designed to be maintainable and
scalable, minimizing the cost of redesigns and ensuring long-term financial value
[45].

e Social Responsibility: Inclusive and accessible software promotes equity and
supports diverse user needs, aligning with ethical digital development [45].

e Technical Longevity: Systems built to be modular, well-documented, and adapt-

able reduce the risk of obsolescence and electronic waste, supporting long-term
usability [45, 34].

By applying these principles, developers can build software that is not only functional but
also capable of evolving over time with minimal environmental footprint and maximum
value for users and businesses.

10



1.4 Sustainable Techniques and Tools Mapped to SDLC
Phases

This section examines engineering techniques and their integration into the phases of the
SDLC. The goal is to incorporate methodologies that improve efficiency, reduce waste,
and minimize environmental impact at each stage of the SDLC. Four methods will be
introduced: VSM, Scrum, Kanban, and LCA. The section will also explore the impact
of these methods on SSE, mapping each method to the SDLC phases where it can have
the most significant effect. Based on studies and use cases, the best application of each
method will be discussed, alongside the metrics that can assess sustainability for each
approach.

Figure 1.3 highlights how each methodology can be mapped to specific stages of the
lifecycle to maximize sustainability for software development.

Life cycle Assessement

SCRUM

Analysis H Design HlmplemtationH Testing }— DeploymentH Maintenance

Value Stream Mapping KANBAN

Figure 1.3: Mapping Engineering Methods to the SDLC Phases

1.4.1 Value Stream Mapping

Value Stream Mapping (VSM) is a key tool in Lean methodology that visualizes, analyzes,
and optimizes the flow of materials and information within a process. In the context of
software development, VSM is valuable for identifying both value-added and non-value-
added activities, helping to streamline operations, reduce waste, and improve efficiency
throughout the SDLC [24].

VSM starts by creating a "current state map" that outlines the existing flow of tasks,
identifying bottlenecks, delays, and inefficiencies. By calculating the time spent on value-
added versus non-value-added activities, teams can design a "future state map" that
incorporates improvements such as automation, process simplification, and better com-
munication [43].

In the context of sustainability, VSM plays a crucial role by pinpointing inefficiencies and
optimizing resource usage. It helps reduce waste in terms of energy, time, and materials by
eliminating non-value-added activities like unnecessary waiting times or redundant tasks.
This method supports long-term sustainability by encouraging iterative improvements
and reducing the need for extensive rework, which can have significant environmental and
operational impacts.
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1.4.2 Kanban

Kanban is a visual workflow management tool used in the SDLC to optimize processes
and enhance sustainability. It helps teams visualize tasks, limit Work In Progress (WIP),
and manage flow, ensuring efficient use of resources and reducing waste [39]. The Kanban
board, a core component of this tool, provides a clear view of the development process, as
shown in Figure 1.4, which illustrates how a Kanban board is applied in a software devel-
opment lifecycle. This visualization enables teams to identify bottlenecks and prioritize
tasks effectively [2].

Work-in-progress
limits

Backlog Analysis (3) Development (3)| Acceptance (2) | Deploy (1)] Live
Ll‘ K—l Ongoing ! Done Ongoing : Done Ongoing : Done .
I8 —, = — e — LA]
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= ‘ “ “ . ' m

l &5 an ©
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I n 1

| 1 |

I I |

Visualized workflow

Figure 1.4: Kanban Board

By implementing WIP limits, Kanban prevents bottlenecks, improves workflow, and dis-
courages teams from working on too many tasks simultaneously. This approach reduces
stress, minimizes inefficiencies, and ensures a focused and sustainable development pro-
cess. Additionally, the emphasis on completing tasks before starting new ones helps to
minimize energy and resource consumption, aligning with sustainable practices.

Kanban also supports sustainability by promoting a lean approach, avoiding overproduc-
tion, reducing defects, and optimizing resource allocation. It ensures that the development
process remains efficient, environmentally friendly, and focused on delivering value to the
customer [8].

1.4.3 Scrum

Scrum is an Agile framework for managing and developing complex software, focusing
on collaboration, adaptability, and iterative progress (see Figure 1.5). Unlike traditional
methods, Scrum works in short, structured sprint cycles, typically lasting between one
and four weeks, (more details are explained in Appendix B). Each sprint delivers a
functional software increment, allowing teams to continuously refine their work based on
feedback and evolving requirements [39]. This iterative approach makes Scrum effective in
dynamic environments, such as sustainability-focused projects, where priorities can shift
[28].

Scrum contributes to sustainability by promoting resource efficiency and waste reduction.
Through practices like sprint planning and retrospectives, teams identify inefficiencies and
streamline workflows, minimizing rework and optimizing the use of development resources
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Figure 1.5: Scrum Process

. By reducing software obsolescence and technical debt, Scrum also supports long-term
sustainability. Integrating sustainability criteria into the development roadmap ensures
that software remains maintainable and scalable, which aligns with broader sustainability
goals by extending the software’s life cycle and reducing its environmental impact [28].

1.4.4 Life Cycle Assessment

Life Cycle Assessment (LCA) is a method for evaluating the environmental impact of a
product or process across its entire life cycle. In software development, LCA helps assess
the environmental effects of the software product and its development process, from de-
sign through to end-of-life, considering both direct and indirect impacts |11, 18]. Figure
1.6 [6] shows how tools like SimaPro facilitate LCA by using data from unit processes
stored in databases. This data is applied to a life cycle model to evaluate environmental
impact. The results are then analyzed to understand the effects and guide more sustain-
able decision-making. By applying LCA to software engineering, it becomes possible to
categorize, standardize, and prioritize environmental impacts, ensuring sustainability is
integrated into design and process decisions, aligning software development with broader
ecological goals [11].
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Figure 1.6: Use of SimaPro in LCA
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Table 1.2: Aligning sustainability methods and their impact with SDLC phases.

Method SDLC Phase Sustainability | Purpose in | Reference
Metrics Sustainability
Value Stream | Analysis,  De- | Process effi- | Identifies in- | [43, 33, 24|,
Mapping sign, Implemen- | ciency, lead time | efficiencies  in | [5], [4] [44]
(VSM) tation, Testing | reduction, and | workflows to
reduced rework | minimise waste
and optimise
energy usage.
Scrum Design, Im- | Team velocity, | Ensures adap- | [8, 42, 35,
plementation, reduction of | tive and efficient | 28]
Testing, Deploy- | wasted time, | development
ment and client satis- | cycles, reducing
faction wasted effort
and computing
resources.
Kanban Implementation, | Flow efficiency, | Limits work- | [39, 2, 15]
Testing, De- | work-in-progress | in-progress  to
ployment, reduction, and | reduce  unnec-
Maintenance operational sta- | essary resource
bility consumption
and optimise
workflow.
Life Cycle | All Phases Environmental | Evaluate  soft- | [6, 21, 18]
Assessment impact, energy | ware sustain-
(LCA) efficiency, car- | ability ~ across
bon footprint all  stages of
the SDLC to
minimise the
ecological foot-
print.

Each tool contributes to sustainability in the SDLC by impacting key sustainability met-
rics. VSM improves process efficiency and lead time reduction, minimizing rework and
energy consumption. Scrum helps reduce wasted time, increasing team velocity and client
satisfaction while optimizing computational resources. Kanban improves flow efficiency,
reduces WIP, and promotes operational stability, limiting unnecessary resource use. LCA
provides a comprehensive view of the software’s environmental impact, helping to reduce
its carbon footprint and improve energy efficiency.
Table 1.2 maps these tools to relevant sustainability metrics, showing their direct impact
on reducing waste, optimizing resource usage, and ensuring environmentally responsible
software development.

In summary, integrating engineering techniques like VSM, Scrum, Kanban, and LCA
into the SDLC helps optimize resource usage, reduce waste, and minimize environmen-
tal impact. By aligning these methodologies with key sustainability metrics, software
development becomes more efficient, adaptable, and environmentally responsible.
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1.5 Conclusion

This first chapter introduced the foundations of SSE, emphasizing the growing need to
integrate sustainability principles into the SDLC. We examined how sustainability can be
applied across environmental, economic, social, and technical dimensions, highlighting the
importance of balancing performance, long-term viability, and responsible resource use.
Finally, several methods were presented as potential enablers for embedding sustainability
into different SDLC phases.

These theoretical foundations now serve as a reference for the rest of the report, which will

analyze a real-world software development process and propose practical improvements
based on the principles outlined here.
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Chapter 2

Case Study : E-Commerce Platform
Project

This chapter presents the case study used to apply the sustainable software engineering
principles introduced earlier. The project focuses on building an e-commerce platform for
a local men’s fashion brand in Algeria, developed under the supervision of ICOSNET, a
leading IT services company.

The chapter begins by presenting the departement structure and the development team
allocated for the project, then analyzing ICOSNET’s current development model, which
follows a traditional Waterfall approach, it then describes the project context, objectives,
and implementation challenges. . Each phase of the SDLC is examined to understand its
structure, deliverables, and limitations in terms of adaptability and sustainability. Diag-
nostic tools such as SWOT, Ishikawa, and the 5 Whys are used to identify inefficiencies
and root causes of recurring problems.

Finally, a comparative analysis of potential sustainable methods is conducted. A weighted
multicriteria matrix is used to evaluate techniques like Scrum, Kanban, VSM, and LCA
based on their feasibility, efficiency, and alignment with sustainability goals. The chapter
concludes by selecting the most appropriate method to simulate an optimized SDLC in
the next chapter.

2.1 Presentation of the Internship Hosting Company

Icosnet, founded in 1999, is a leading telecommunications and IT solutions provider in
Algeria. As the country’s sole private Internet Service Provider (ISP), Icosnet delivers
a broad range of services to enterprises, SMEs, and international clients. The company
operates two Tier III-certified data centers in Algiers and Oran, ensuring high availability
and compliance with national data regulations.

Icosnet’s service offerings are organized into six main categories (see Figure 2.1): Internet
Access Solutions, Cloud Services, Cybersecurity Solutions, Unified Communi-
cations, Data Center Infrastructure, and E-commerce Solutions. The company
is committed to innovation, security, and scalability, working with global technology lead-
ers like VMware, Sophos, and IceWarp. Through its Al-driven cybersecurity systems and
disaster recovery plans, Icosnet continues to drive Algeria’s digital transformation and
meet the evolving needs of its clients across various sectors.
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Figure 2.1: ICOSNET’s Solutions (internal document)

2.2 Development Team and Department Structure

The development of the e-commerce platform was carried out within the Development
Department of ICOSNET, operating under the supervision of the Chief Technical Of-
ficer (CTO). As part of the company’s broader technical operations, this department
focuses on software engineering, web platform development, and technical innovation in
alignment with the digital transformation strategy.

For this project, a dedicated five-member team was assembled, The team included:

e Project Manager / Technical Lead (dual role)
e Three Full-Stack Developers
e One QA Tester / Designer (shared responsibilities)

This compact but versatile team structure enabled full-cycle development, from frontend
and backend implementation to UI/UX refinement and manual testing. The Project
Manager also acted as the Technical Lead, ensuring both strategic alignment with project
goals and direct oversight of code quality and architecture decisions.

The Development Department itself is one of the key units under the CTQO’s leadership
and collaborates closely with other technical divisions such as infrastructure, cybersecu-
rity, and cloud services. Project execution also involves interaction with supporting roles
including the Project Manager Officer, Quality Manager, and Internal Audit teams, en-
suring cross-functional alignment with company-wide compliance and performance stan-
dards.

Figure 2.2 shows the organizational hierarchy of the internship hosting company.
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2.3 Project overview

This project involves developing a dedicated online store for a local men’s fashion brand
seeking to expand into digital commerce. The platform is designed to address specific
challenges in the Algerian market like payment integration and delivery logistics, while
providing a smooth, locally adapted shopping experience. To better understand the con-

text and scope, the table 2.1 summarizes the key elements of the project.

For a full

strategic view, the Business Model Canvas (BMC) is presented in Appendix A.

Table 2.1: E-Commerce Project Overview

Aspect

Description

Project Title

Client

Target Market
Scope

Development
Technology

Key Features

Deployment En-
vironment
Expected Out-
come

E-Commerce Platform for a Local Men’s Fashion Brand

Fashion retailer expanding into digital commerce (via ICOSNET ser-
vice offering)

Algerian men, primarily young adults seeking modern, affordable style

Full-featured online store with admin tools, payment integration, and
delivery support

e Modern web stack (React) with responsive design
e Node.js for secure order management and database connectiv-

1ty

Product catalog, checkout, payment (CIB, BaridiMob, COD), order
tracking, admin dashboard

Hosted via ICOSNET's infrastructure.

A scalable, user-friendly e-commerce platform tailored to local con-
sumers habits

2.4 Current SDLC Model

This section presents a structured analysis of the software development process currently
used by the team. The team follows a traditional waterfall model [36], where develop-
ment flows sequentially from one phase to the next. Each stage of the SDLC is mapped
and reviewed with its corresponding practices and deliverables. Alongside this breakdown,
we assess how well the current process aligns with sustainability principles and highlight
key inefficiencies.

This model offers a clear structure from start to finish, with each phase handled by
specialized roles. It helps manage tasks, deadlines, and responsibilities, keeping the work
organized and reducing risk throughout the project [16].

The SDLC at ICOSNET includes six main phases: Analysis, Design, Implementation,
Testing, Deployment, and Maintenance. Each step has its own goals and outputs, and
the team moves from one phase to the next in a sequential way [10]. While some small
adjustments are made depending on the project, this structure stays mostly the same
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Figure 2.3: High Level SDLC Model

across all developments. The figure 2.3 shows the general SDLC model currently applied
at the company.

2.4.1 Current Process — Requirement Analysis Phase

The analysis phase is the first step in the development process. It focuses on understanding
the client’s needs and translating them into clear, structured requirements.

Feasability &
Market study

Requirements

Understanding
s Document

The Client Nee Business Model

Figure 2.4: Requirements Analysis Phase

It begins with meetings between the client and the internal team to define the project’s
main objectives, target users, and expected functionalities. This early exchange helps
align the project with both technical capabilities and business goals.

For market-oriented projects like e-commerce, a quick analysis of local trends is also done.
This helps the team understand user preferences, especially regarding payments, delivery,
and platform usage. The findings help shape a realistic and user-focused solution from
the start.

The main output is a formal requirements specification document. It includes functional
and non-functional needs, use cases, roles, and constraints. However, this process remains
traditional, with limited client feedback once the document is finalized. Figure 2.4 shows
how this phase is currently structured at ICOSNET.

2.4.2 Current Process — Design Phase

Once the requirement document is approved, the design phase begins. This step trans-
lates client needs into a technical blueprint through collaboration between developers and
designers. It starts with high-level system design, where the architecture, data flow, and
main modules are outlined.

The UX/UI team then creates wireframes and mockups using tools like Figma. These
visuals guide the user experience and are reviewed by the project manager. In parallel, the
technical stack is defined based on performance needs and team expertise. Technologies
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like React, Node.js, or Laravel are often selected. Database structures and APIs are also
designed to ensure integration between frontend and backend.

Before implementation starts, a formal design review is held to align the team and validate
the plan. Figure 2.5 illustrates this process. While the approach is solid, sustainability
factors, such as energy efficiency or long-term maintainability, are not yet considered,
highlighting a potential area for improvement.

2.4.3 Current Process — Implementation Phase

The implementation phase follows a structured workflow that begins with task delegation
and ends with code review. Tasks or tickets are assigned by the project manager based on
the design specifications. Developers then proceed to write code for the assigned modules,

using Git to manage changes and ensure collaboration.

Figure 2.6: Implementation Phase Process

Tasks / Tickets
assignment

Once development is complete, the developer performs initial manual testing to verify that
the functionality works as expected. This testing is typically done by the same developer
who wrote the code and is mostly manual. If issues arise, a bug fixing cycle begins, where
the same developer iterates until the issue is resolved. After basic validation, the code is
submitted for review. The team members check for logic, performance, and adherence to
standards before approving the merge.

This disciplined approach ensures quality control, as shown in Figure 2.6. However,
sustainability aspects such as energy-efficient coding or hardware resource usage are not
considered during development or review.
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2.4.4 Current Process — Testing Phase

Testing begins after the main development work is complete.
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Figure 2.7: Testing Phase Process

The QA engineer manually checks the platform’s features based on the requirements
document. However, there’s no formal test plan early on, the test cases are usually
written late, just before testing starts. This leads to last-minute issues that sometimes
delay the project. Bugs are tracked using basic tools and fixed in cycles, with the code
sent back for retesting. The only structured client feedback happens during the User
Acceptance Testing. At this stage, the platform is shared with the client for review.
They test key features and give feedback, but since this happens late in the cycle, most
suggestions are either postponed or cause delays if they require major changes.

As shown in Figure 2.7, the testing process works, but it’s slow and reactive. Without au-
tomation or long-term quality strategies, there’s little room for efficiency or sustainability
improvements.

2.4.5 Current Process — Deployment Phase

Once the application passes both internal and client validation, the team moves to pro-
duction setup. This includes configuring servers, adding SSL certificates, and preparing
the database and API connections. Everything is done manually, there are no automated
deployment pipelines. While this gives developers more control, it also increases the risk
of errors or delays if someone is unavailable.

A final round of live testing is done to check critical functions like login and checkout. If
all works well, the platform is deployed in a single version. In case of serious issues after
launch, the team uses manual rollback, as there’s no automated backup or backup system
in place.

As shown in Figure 2.8, the process is straightforward but lacks automation and moni-
toring. Without tools for resource optimization or green hosting, the platform may also
use more energy than needed.

2.4.6 Current Process — Maintenance Phase

In the current SDLC model, the maintenance phase is managed by the same development
team responsible for the platform’s implementation. When a client reports a problem :
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a server downfall, a critical bug, or an unexpected behavior,the team immediately delays
ongoing project work to address what they call les quotidiens (daily incidents). These
interventions are treated as top priority and are resolved as quickly as possible to restore
service continuity. This introduces challenges in terms of workflow management and
performance evaluation. Since team members shift unpredictably between development
tasks and incident resolution, it becomes difficult to measure individual productivity.
There is no systematic way to differentiate time spent on client support from time allocated
to planned project tasks.

This model focuses only on keeping the platform operational, there is no structured feed-
back loop, no usage analytics, and no plan for continuous improvement unless explicitly
requested by the client. Moreover, the absence of a dedicated maintenance team results in
context-switching, which can reduce code quality and increase the risk of technical debt
over time.

The current software development process follows a structured and sequential waterfall
model, progressing through six main phases: analysis, design, implementation, testing,
deployment, and maintenance. Fach phase is clearly defined and executed by the internal
team based on established practices. This approach ensures technical reliability but lacks
iterative feedback loops and adaptability.

In the next section, we will evaluate this model through diagnostic tools to better under-
stand where inefficiencies occur and how improvements can be made from a sustainability
point of view.

2.5 Diagnostics of the Current Software Development
Process

This section builds on the previous analysis of the current SDLC by applying diagnostic
tools to highlight inefficiencies, risks, and missed opportunities related to sustainability.
While the existing SDLC is stable and well-structured, it lacks flexibility and does not
fully align with sustainability goals, particularly in areas like energy efficiency, resource
optimization, and client collaboration.
To better understand the root causes of these limitations, three well-established analysis
methods are applied:

¢ SWOT Analysis, to assess internal strengths and weaknesses as well as external

opportunities and threats.
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e Fishbone Diagram (Ishikawa), to visualize the underlying causes behind key
sustainability challenges.

e 5 Whys, to break down specific issues related to rework, lack of feedback, and
inefficient practices.

2.5.1 SWOT Analysis

The SWOT matrix is a strategic analysis tool used to identify internal and external
factors that affect a project or organization. It helps evaluate Strengths, Weaknesses,
Opportunities, and Threats to provide a clear overview of current conditions. In the
context of this software development process, it was used to highlight both technical and
organizational aspects that influence performance, sustainability, and client satisfaction.

Figure 2.9 presents the SWOT matrix applied to the current development process.

The SWOT analysis reveals a development environment with a strong technical foundation
but notable gaps in process agility and sustainability integration. On the internal side,
strengths include a skilled development team, use of modern development technologies,
and access to the secure hosting infrastructure. These factors provide a solid base for
high-quality software delivery.

However, several weaknesses affect long-term efficiency and adaptability. The absence of
sustainability criteria, lack of KPI tracking, and reliance on manual workflows limit the
team’s ability to measure and improve performance. Additionally, feedback from clients
is only collected at the final stages, increasing the risk of misaligned features and costly
rework.

The opportunities identified point toward the growing demand for local e-commerce plat-
forms in Algeria and the potential to integrate lighter, greener features (e.g., image
caching, modular APIs) to improve energy efficiency. These trends align with broader
sustainability goals and represent strategic directions for improvement.

On the other hand, threats include increased competition in the digital services market
and the risk of client dissatisfaction due to late delivery adjustments. Without proactive
changes, these threats could undermine project outcomes and business reputation.

Overall, the SWOT matrix supports the need for a more iterative and metrics-driven
solution, making Scrum a strong candidate for addressing the identified weaknesses and
seizing available opportunities.

2.5.2 Ishikawa Diagram

The Ishikawa diagram, also known as the fishbone diagram, is used to identify the root
causes behind a recurring problem or inefficiency. In our case, it helped categorize the
different factors affecting sustainability and development quality. These factors were
grouped under categories like Method, Manpower, Milieu (Environment), Materials, and
Measurements to provide a clear visual breakdown of potential issues.

Figure 2.10 illustrates the Ishikawa diagram for the current development process.

The central study focus was The Development Process referring to issues such as
rework, low adaptability, and lack of process visibility.
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The diagram organizes the causes into five main categories: Milieu (Environment), Man-
power, Method, Material, and Measurements.

e Milieu: Highlights environmental distractions, such as lack of quiet space for
focused development, frequent interruptions, and poor internal communication.

e Manpower: Reflects a small and overstretched team, with developers handling
both development and client support, skill gaps and the absence of formal retro-
spectives further reduce learning.

e Method: Points to the linear, phase-based SDLC model and the lack of mecha-
nisms for continuous improvement, sustainability integration, or structured client
feedback loops.

e Material: Identifies technical and tooling limitations, including reliance on spread-
sheets, unreliable testing environments, and hardware issues affecting productivity.

e Measurements: Exposes the complete absence of performance tracking—no KPIs
for code quality, test coverage, or developer effort—making it difficult to assess or
improve over time.

This analysis reveals how deeply interrelated and systemic the inefficiencies are. Many of
the problems trace back to structural and methodological limitations, not just technical
constraints. The diagram also illustrates how the lack of sustainability practices, weak
internal coordination, and the overload of multitasking developers compound each other
to affect delivery quality and team well-being.

By visualizing these root causes, the Ishikawa diagram strongly supports the case for
adopting Agile methods as Scrum, to bring structure, metrics, and focus to the de-
velopment process. It also highlights the need for dedicated roles, better tooling, and
environmental adjustments to improve both productivity and sustainability outcomes.

2.5.3 The 5 Whys Method

The 5 Whys is a root cause analysis tool that helps dig deeper into a specific issue
by repeatedly asking “why” until the underlying problem is identified. In this study, it
was applied to two main issues observed during the internship: rework due to late bug
discovery, and lack of traceability due to the absence of project management tools. This
method revealed structural limitations of the current SDLC that affect efficiency and
quality.

Figures 2.11 present the two 5 Whys diagrams used in this analysis.

In both cases, the analysis led to the same root cause, which is the rigidity of the Waterfall
model, which lacks intermediate feedback loops and early testing mechanisms. Feedback
is typically collected only during UAT, making it too late to influence design decisions
without costly rework. Similarly, testing occurs at the end of the cycle, allowing unde-
tected issues to accumulate. These problems are not caused by technical shortcomings,
but by a linear process model that prevents adaptation and continuous improvement.
From a sustainability perspective, this structure blocks the monitoring of quality, effi-
ciency, and stakeholder alignment throughout the project. The findings confirm the need
for a more iterative and flexible approach like Scrum, where feedback is built into every
stage of development.
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2.5.4 Diagnostic Results and Improvement Proposals

The combined diagnostic results reveal a development process that, while operationally
functional, suffers from rigidity, poor visibility, and a lack of sustainable practices. All
three tools point to recurring issues such as delayed feedback, rework, missing performance
metrics, and outdated tools. The SWOT matrix highlighted strategic weaknesses like the
absence of KPIs and sustainability criteria, the Ishikawa diagram traced inefficiencies to
staffing, tooling, and process gaps, and the 5 Whys confirmed that the root cause lies in
the linear SDLC model. These findings collectively demonstrate that the current workflow
does not suite the dynamic needs of modern software projects, reinforcing the need for a
more iterative, measurable, and client-centered approach.

To clearly synthesize these observations, Table 2.2 links the main anomalies to their root
causes and outlines targeted solutions. It serves as a practical roadmap for transform-
ing the current development approach into one that aligns with SSE principles. The
recommended changes target the pain points od the development process.

Table 2.2: Observed Issues, Root Causes, and Improvement Proposals

Observed Issue Root Cause Suggested Improvement
Delayed client feedback | Linear SDLC; feedback oc- | Adopt Scrum with regular
curs only at UAT sprint reviews to involve clients
earlier
Rework and late bug dis- | Manual testing and late val- | Integrate continuous testing
covery idation cycles and test automation in each
sprint
Lack of performance vis- | No KPIs, no tracking tools | Introduce simple metrics (ve-
ibility locity, rework hours) and vi-

sual dashboards

Unpredictable workload | Shared resources and infor- | Define a support buffer within

during maintenance mal prioritization each sprint; separate incident
handling
Tooling gaps (manual | No digital PM tools; limited | Introduce lightweight tools
tracking, outdated pro- | process evolution (e.g., Trello, Jira) and Agile
cesses) estimation techniques
No sustainability metrics | Sustainability not embed- | Map SSE indicators (e.g., en-
ded in process or goals ergy usage, tech debt) to de-

velopment activities

These findings make a compelling case for adopting a structured yet flexible approach
like Scrum, supported by SSE principles. Scrum enables iterative delivery, continuous
client feedback, and measurable progress, while SSE adds a long-term perspective by
encouraging maintainability, energy efficiency, and stakeholder-centered outcomes.
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Figure 2.10: the Ishikawa Diagram for the Current Development Process
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comes too late in the

Problem
Client feedback

Figure 2.11: The Two 5 Whys Diagrams Used in Diagnostic Analysis
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2.6 Methodological Selection Approach

After identifying the limitations of the current SDLC model, this section focuses on se-
lecting the most appropriate methods to optimize the process. The goal is to adopt a
structured, sustainability-aware development approach that better addresses the chal-
lenges highlighted in the previous diagnostics.

To support this transition, a multi-criteria decision-making process was used. The ap-
proach begins with defining six weighted evaluation criteria based on both practical feasi-
bility and sustainability priorities. These criteria are then used to compare four candidate
methods: Scrum, Kanban, Value Stream Mapping, and Life Cycle Assessment.

Each method is scored based on expert input and field relevance, resulting in a weighted
matrix that guides the final selection. This structured framework ensures that the chosen
methodology is well-aligned with project needs, team capabilities, and SSE objectives.

2.6.1 Criteria for Method Selection

To identify the most suitable methods for our project’s sustainable development simula-
tion, a set of six evaluation criteria was selected. These reflect a combination of technical
feasibility, sustainability objectives, and organizational priorities. The weight assigned
to each factor represents its strategic importance for ensuring both project success and
long-term impact. These weightings were discussed and validated with the project tu-
tor and department leads at Icosnet to ensure alignment with internal expectations and
real-world constraints.

e Feasibility (30%)

Feasibility carries the most weight, nearly one-third of the decision matrix, because
no method, no matter how sustainable in theory, is useful if it cannot be realisti-
cally implemented. It covers aspects like ease of integration, availability of data,
team familiarity, and tool readiness. In a context like ours : limited timeframe,
fixed team structure, and predefined tech stack, this becomes the most limiting fac-
tor. The Chaos Report [14] confirms this by linking project failures to unrealistic
planning and overly ambitious scope. Similarly, Gartner and Eriksson’s case study
[19] showed that even experienced teams struggle with applying advanced practices
like Continuous Delivery unless properly coached and supported. Tools reviewed
in Gartner’s Magic Quadrant [31] often cite “ease of adoption” as a competitive
edge. All of this reinforces why feasibility needs to drive the method selection.

e Resource Efficiency (20%)

This factor is the second highest because of its double impact: better use of de-
veloper time and infrastructure, and reduced chances of rework or bottlenecks. A
method that helps avoid redundant tasks or manual tracking can significantly im-
prove delivery speed without increasing energy consumption or workload. In some
reviews, over 50% of sustainable success factors were tied to resource efficiency like
"paperless communication" and lean documentation [40]. Others also connect ef-
ficient algorithms and reuse practices to both sustainability and productivity [30].
And the standish group [14] reveals that poor resource use contributes to the 189%
average cost overruns seen in challenged projects. In that sense, resource-efficient
methods don’t just save effort, they save the project.
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e Environmental Impact (15%)

Although environmental impact is central to sustainable software engineering, its
relative weight is moderate. This reflects a practical consideration: not all meth-
ods have direct or immediate effects on energy use or emissions, and in short-term
simulations, these impacts can be harder to quantify. Studies stress the value of
methods that promote energy-efficient design, low-carbon code, and reduced infras-
tructure demands. When sustainability becomes embedded early in the process,
even small gains like smarter caching or reduced builds, can lower power consump-
tion and increase overall eco-performance [40, 30].

e Client Feedback Integration (10%)

While not as heavily weighted as feasibility or efficiency, client feedback remains
a vital component of sustainable and adaptive development. It helps avoid mis-
aligned work and reduces the risk of late-stage revisions that consume additional
time and energy. According to the Chaos Report [14], user involvement is the
top-ranked success factor across all project types. The faster teams can validate
work with the client, the fewer unnecessary iterations they’ll face. In practice, this
means a method that encourages regular feedback has a clear edge in terms of
agility and responsiveness.

e Scalability & Reusability (15%)
Reusability supports long-term sustainability by reducing duplication and increas-
ing maintainability. A reusable component today saves development time tomor-
row. At the same time, scalability ensures that methods and processes can grow
with the product or be reapplied to similar projects. The literature explicitly lists
reusability as a sustainability success factor, while Mahmoud & Ahmad [30] in-
tegrate it at both the design and end-of-life stages of their model. It also shows
that scalable approaches lead to more stable delivery cycles and smoother team on-
boarding, which adds long-term value even if the immediate benefits aren’t always

visible [40, 35].

e Team Alignment & Collaboration (10%)

Collaboration is critical for method adoption and team morale. Methods that
support shared understanding, clear roles, and transparent progress are more likely
to stick and lead to successful delivery. In Gdartner et al. case study [19], the team’s
success in applying a complex delivery pipeline was credited largely to collaborative
practices like stand-ups, retrospectives, and informal check-ins. Tools that support
real-time collaboration also reduce noise and increase team cohesion. When a
method promotes a healthy, communicative environment, it indirectly improves all
other dimensions.

Validation with experts:

The chosen criteria and weights were discussed during internal meetings and validated
by the project supervisor, PMO, and department leads. In addition, the scoring of each
method, based on feasibility, resource efficiency, and other factors, was reviewed and
approved by the same experts, ensuring the chosen approach aligns with both technical
priorities and organizational realities.
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2.6.2 Multicriteria Decision Matrix

The matrix provides a structured comparison, ensuring that the final choice is supported
by both practical relevance and alignment with sustainable development goals. The results
of this evaluation are presented in the table 2.3 below:

Table 2.3: Multicriteria Decision Matrix

Criteria Weight | Scrum | Kanban | VSM | LCA
Feasibility 0.30 4 4 3 2
Resource Efficiency 0.20 4 4 5 3
Environmental Impact 0.15 3 3 4 )
Client Feedback Integration 0.10 5t 3 2 1
Scalability & Reusability 0.15 4 4 3 2
Team Velocity & Collaboration 0.10 D 4 3 2
| Weighted Score \ | 4.05 | 3.75 | 3.45 | 2.55 |

2.6.3 Final Selection Based on Decision Matrix

The multi-criteria matrix evaluated Scrum, Kanban, VSM, and LCA based on key sustainability-
related criteria, with Feasibility and Resource Efficiency given the highest weight. These
priorities reflect the issues previously identified through the SWO'T, Ishikawa, and 5 Whys
analyses, including poor feedback loops, lack of KPIs, and rigid planning models.

Scrum scored the highest (4.05/5), mainly due to its strong support for iterative feedback
and collaboration. These strengths directly address the process rigidity and late client
involvement observed in the diagnosis.

Kanban (3.75/5) ranked second. It promotes continuous delivery and resource control
but lacks the structured planning and stakeholder feedback that Scrum offers.

VSM received a (3.45/5). It helps identify inefficiencies and environmental waste but is
harder to apply consistently due to data and implementation gaps.

LCA scored the lowest (2.55/5), confirming that While it excels in environmental impact
assessment, its practical application in development processes remains challenging. It
remains a valuable supporting tool, particularly in design and deployment phases.

The diagnosis and the matrix supports our decision to adopt Scrum as the main frame-
work for the process optimization, with the highest score of 4.05, Scrum offers the best
balance across all selected criteria. It stands out in areas such as client feedback in-
tegration, team collaboration, and scalability, all of which are essential for delivering a
sustainable, iterative software process. Its strong feasibility and alignment with agile
principles.

2.7 Conclusion

The diagnostic tools applied in this chapter exposed clear weaknesses, including the ab-
sence of KPIs, limited client engagement during development, and a lack of tools for
process tracking and automation. These factors contribute to performance bottlenecks
and resource waste, while also hindering the team’s ability to iterate or make data-driven
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improvements. On the other hand, the project’s strengths like the well-defined goal and
modern tech stack offer a strong foundation for improvement. The findings highlight a
need to transition toward a more adaptive and collaborative development process that
integrates sustainability as a core consideration.
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Chapter 3

Scrum Implementation in the SDLC

This chapter introduces the optimized SDLC adopted for the e-commerce platform project,
following the diagnostic findings of Chapter 2. The goal is to improve the development
process previously in use for a more flexible, iterative framework that better aligns with
both the project’s objectives and sustainability principles.

To do so, Scrum was selected as the core methodology to simulate and structure the
Design, Implementation, Testing, and Deployment phases as one continuous agile cycle.
This new flow offers enhanced responsiveness, early feedback, reduced rework, all while
improving operational efficiency.

3.1 Scrum Framework Overview

Scrum was adopted as the foundation of the new SDLC. It introduces structured roles,
recurring events, and essential artifacts that guide iterative development and team collab-
oration. A full overview of the Scrum framework, including roles, artifacts, events, and
a comparison with other approaches, is presented in the cheat sheet (Appendix B) to
support better understanding of the work.
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Figure 3.1: Transition to Scrum
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3.2 The Proposed SDLC

Figure 3.1 illustrates the transition to the newly proposed Scrum-based workflow.

Initially, the development process caused delays in issue detection, limited client feedback
to the very end, and led to increased rework and inefficient resource use.

The process was redesigned using an Agile simulation that integrates Scrum practices
across the four central SDLC phases. Each sprint now includes a full cycle of design,
coding, testing, and deployment tasks. This reorganization fosters continuous feedback,
early validation, and a more sustainable workload. It also improves collaboration, reduces
delays, and aligns the team’s output with evolving client needs.

3.3 Project Simulation with Scrum

This section presents the practical application of the optimized SDLC using the Scrum
framework.

Setup and Team First Sprint Continuous
Alignment Simulation Improvement

Figure 3.2: Scrum Implementation Plan

The implementation is structured into three connected steps, as illustrated in Figure 3.2,
each step represents a key phase of the project simulation:
e Step 1: Team Setup and Planning : presenting the team structure, the sprint
planning logic, and backlog estimation strategy.
e Step 2: Sprint Execution : showing how development, testing, and client valida-
tion unfolded during the simulation.
e Step 3: Continuous Improvement : summarizing feedback loops, process adjust-
ments, and sustainability-related observations for future sprints.
The goal is to demonstrate how the integration of Scrum supports better task manage-
ment, faster feedback, and improved sustainability practices across the design, implemen-
tation, testing, and deployment phases.

3.3.1 Step 1: Setup and Team Alignment

The first step in applying Scrum to the project was to define the roles and prepare the
team to adopt an iterative workflow. The setup was done in a simplified and realistic way,
keeping in mind the internal structure and constraints of the organization.

See Appendix C for the official Scrum role definitions.

Initial Findings:
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Table 3.1: Team Roles and Responsibilities

Role

Assigned To

Responsibilities

Product Owner

Project Manager
+ PMO

Prioritized the backlog, validated features,
and represented business needs

Scrum Master

External IT Con-
sultant

Facilitated events, removed blockers, and
supported Agile discipline

Scrum Team

3 developers +
QA tester

Handled full-stack tasks flexibly; no strict
handovers needed

align expectations.
e User stories were not written in the standard "As a user, I want to..." format, but
the backlog items were functional and clear enough to serve as the basis for early

sprint work.

A kickoff meeting was held with the Product Owner, PMO, and Scrum Master to

e Tools such as Jira were not used, but an old spreadsheet from a previous project
was repurposed to track tasks and simulate the Scrum board (see Figure 3.3).

e Task estimation was still informal.

This phase laid the groundwork for the project’s transition to Scrum. While not every
practice was implemented by the book, the team managed to set up a working structure
that balanced organizational habits with Agile principles, making the upcoming simula-
tion both functional and realistic.

3.3.2 Step 2 : Sprint Execution and Feature Prioritization

After setting up the Scrum team, the project moved into a two-week sprint. The goal was
to test delivery rhythm, validate backlog-driven planning, and build a smoother, iterative

workflow.

Backlog Prioritization with MoSCoW

Before sprint planning, the existing backlog was reviewed using the MoSCoW technique
[26, 22| to help structure the work based on client needs and technical feasibility:

Table 3.2: MoSCoW Prioritization of Project Requirements

Category

Example Requirements

Must Have

Product catalog management, local payment integration (Eda-
habia, CIB), admin dashboard

Should Have

Order tracking system, secure checkout, basic analytics

Could Have

Loyalty program, customer reviews, promotional pop-ups

Won’t Have

Al-based recommendations, advanced CRM tools

This prioritization helped define a realistic Sprint Goal and filtered high-value features

for early delivery.
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A B | C | D | E | F | G , H | I | J | K | L |
Story ID Story Name As a... [Actor) Yl can... (Goal) Ystatus h Priority h Dependencies‘ Story Points  Dev Dev Owner Dev Actual Dev
Increment Complete Time |
Date (man days)
5073 View Assessment Summary Organisation View summary data about my assessment Should 6 v8.0 (id) NL 21/04/2025 7
User
5136 View Assessment Summary Organisation View my target score along with my Should 1 v8.0 (i5) NL 28/04/2025 1
Target Score User assessment summary
5077 Look and Feel General User Use the application easily and without Must 6 v8.0 (i2) ™ 25/02/2025 4
aesthetic insult to my eye
5104 Look and Feel w2 General User Have an enhanced aesthetic experience, Must S077 5 v8.0 (i2) ™ 04/03,/2025 4
with lovely soft curves caressing my visual
senses
5078 Improved Navigation General User Navigate the site more easily 2 v8.0 (i2) DES 18/02/2025
5096 Improved Navigation - Information Be able to navigate to the information S078 1 v8.0(i3) NL 19/03/2025 0,5
Information Mapping Mapping User  mapping functions
5074 Navigate to Views Maintenance XYZ ABC User, Be able to access the Views Maintenance N/A
Organisation function
Administrator
5079 Home Page General User View information on the home page Must 2 v8.0 (i2) ™ 24,/02/2025 2

Figure 3.3: The Product Backlog



Sprint Setup and Planning

Based on the product backlog, the PO selected a set of stories that reflected a mix of
functional importance and technical feasibility. Each story followed a basic “As a... [
can. .. ”format, even if not all were fully structured. Items were prioritized using MoSCoW
technique, though little change was made to the existing priority structure due to time
constraints. To estimate effort, the team used the Planning Poker estimation tech-
nique (see Appediz E) with Fibonacci scale [10] assigning story points from (1 to 13)
to reflect complexity, risk, and repetition. Estimated development time was tracked in
man-days, providing a practical reference for sprint capacity.

In parallel, the team agreed on a shared Definition of Done, which specified the min-
imum criteria for a story to be considered complete, including coding, basic testing and
review.

The Table 3.3 illustrates the user stories planed for the first Sprint.

Table 3.3: Sprint 1 — User Stories

1D User Story Story Priority
Points
US1 | Asavisitor, I want to see a clean and responsive | 5 Must

homepage with a navigation menu, banner, and
featured categories so that I can quickly under-
stand what the site offers.

US2 | As a new customer, I want to create an account | 3 Must
using my email and password so that I can save
my profile and access order tracking.

US3 | As a registered user, I want to log in securely | 3 Must
using my credentials so that I can manage my
account and start shopping.

US4 | Asa user, I want to browse a list of men’s cloth- | 5 Must
ing items by category so that I can quickly find
what I'm looking for.

US6 | As a site administrator, I want to upload prod- | 3 Should
uct images through a secure admin interface so
that new items can be visually showcased.

US7 | As a frontend developer, I want to build the UI | 5 Should
using a mobile-first responsive design so that
users have a seamless experience on any device.
US8 | As a developer, I want to organize the project | 2 Could
using Git and create a clear branch structure so
that the team can collaborate without conflicts.

Sprint Execution

The sprint lasted two weeks and was managed without using formal tools like Jira. The
team relied on shared understanding supported by direct communication. Tasks were
assigned to specific developers, and stories were grouped under planned release versions.
A board was used to illustrate to visualize progress and simulate a Scrum board (see
Figure 3.4).
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The sprint backlog (Table 3.3) were executed efficiently, and overall, defect fixing time
remained low. This showed good code quality and clear task understanding among the
team.

Figure 3.4: Scrum Board

Sprint Review

At the end of the sprint, a short review session was held with the Product Owner. The
team demonstrated completed features, and feedback was collected for the next sprint
according to the SBOK [41] (see Figure 3.6). Beta testing (with the client) phases were
planned according to the backlog. Team members noted that:

e Development speed was good, with accurate estimations (Figure 3.5).

e Tasks involving Ul dependencies required earlier clarification.

e Direct collaboration and in-person discussions worked better than expected.

B | ¢ o = F G | H | I J K L M N
Total Story Total Story Story Points |Story Points
Points In Total Man i Points Man Days Man Days Story Points (Actual (Actual
Scope Days Velocity Delivered Actual Velocity Date (Today) (Cumulative) |(Est Cumulative) |Today) Cumulative)

26 24 1,083333333 24,5 0,979591837 25/01/2025 3 3 3,25 1 1
26/01/2025 2 5 5,416666667 2 3

27/01/2025 3 8 8,666666667 2 5

28/01/2025 2 10 10,83333333 05 55

29/01/2025 2 12 13 5 10,5

Week 2 30/01/2025 4 16 17,33333333 2 12,5

31/01/2025 0 16 17,33333333 2 14,5

| 01/02/2025 4 20 21,66666667 3 17,5

02/02/2025 3 23 24,91666667 8| 25,5

03/02/2025 1 24 26 0 25,5

Figure 3.5: The Sprint Tracking Sheet
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Figure 3.6: Sprint Review Process According to the SBOK
3.3.3 Step 3 : Continuous Improvement and Sustainability Inte-

After Sprint 1, the team held a retrospective session to reflect on performance, identify
issues, and plan adjustments. The goal was to reinforce continuous improvement while
setting the stage for integrating lightweight sustainability practices in future sprints.

Using the tracking sheet (Figure 3.5) and the corresponding burndown chart (Figure 3.7),
the team compared estimated and actual progress. Although the sprint started with minor
delays, it ended with 25.5 out of 26 story points delivered, a sign of growing coordination
and stable velocity.

—y
=== Estimated
Actual
Koo

&

Figure 3.7: The Burndown Chart for Sprint 1
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Based on Sprint 1’s lessons, adjustments were made to how tasks would be split in Sprint




2. For example, better balancing of man-days across team members and clearer story
definitions were noted as areas of focus. These refinements were directly influenced by
the visual data, which showed where the team was most efficient and where blockers had
occurred.

The team members automatically began considering ways to improve the sprint structure
to reduce unnecessary effort and ensure smoother transitions between phases. These ideas:
like refining testing cycles and reusing components, will be gradually incorporated as the
project advances.

Sprint 1 laid the foundation not only for product delivery but also for process maturity.
The improvements discussed in the retrospective, backed by clear visual feedback, will
guide the setup and execution of the next sprints, maintaining the agile cycle of continuous
learning and adaptation.

3.4 Conclusion

The first application of Scrum within this project confirmed its relevance to both the
technical and operational realities of the team. Sprint 1 provided a working structure
that improved collaboration, gave visibility to progress, and helped the team stay aligned
with business priorities.The review and retrospective sessions showed tangible outcomes
in terms of task completion and estimation accuracy, offering data that will guide the
next sprints. More importantly, the team began to engage more deeply with process
improvement as adjusting workload distribution, refining requirements, and setting up
better coordination practices.

This chapter established the operational rhythm of the project and demonstrated how

Scrum can serve as a flexible foundation to support not only delivery but also long-term
improvement and sustainability goals.
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Chapter 4

Evaluation and Predictive Impact of
Sustainable Scrum Adoption

This chapter presents a quantitative exploration of how the adoption of Scrum and sus-
tainable software engineering practices can influence key project performance indicators.
Due to limited access to real-world operational data, a synthetic dataset was generated
to simulate development scenarios with and without these practices.

The chapter begins by describing the data collection, then outlining the machine learning
approach used to build predictive models, and how we can select the best ml model for
our dataset. The objective is to assess how variables such as team velocity, rework hours,
technical debt, and customer satisfaction respond to methodological changes.

By analyzing the predicted outcomes, we aim to validate the expected benefits of inte-
grating Scrum and sustainability into the software development process. This serves both
as a proof-of-concept and a foundation for future data-driven evaluations.

4.1 Dataset Overview

Since the simulation is based on a theoretical model, a synthetic dataset was constructed
to reflect a realistic set of project scenarios. Each row in the dataset corresponds to a
completed project, with various attributes collected to analyze productivity, quality, and
sustainability-related outcomes.

4.1.1 Data Creation

The dataset used in this thesis was generated using the MOSTLY AI synthetic data
platform. It was built from a small real-world dataset and project-specific constraints,
inspired by observations during the e-commerce platform case study.

1. Base Data: A limited dataset of 6 rows was extracted based on patterns seen in
real software projects, including key attributes like methodology, team size, delivery
delay, and customer satisfaction.

2. Constraint Definition: Domain-specific rules and expected value ranges (e.g., ve-
locity in Scrum vs. Waterfall) were defined to guide the generator.

3. Generation Process: MOSTLY Al’s generator was trained on the base data, pro-
ducing a larger synthetic dataset that reflects realistic project dynamics while en-
suring data privacy.
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This approach allowed us to model and analyze development outcomes, while maintaining
confidentiality and consistency with real-world trends.
4.1.2 Dataset Description

Table 4.1 below is a description of each variable used in the dataset, and you can check
Appendix D for a data sample.

Table 4.1: Project Parameters Description

Parameter | Description Data Categories
Type / Min—-Max
Values
methodology | Development process methodol- | Categorical | Scrum, Water-
ogy fall
start date & | Timeline boundaries of the | Date 1995 — 2023
end date project. Used to calculate dura-
tion.
team size Number of team members as- | Integer 415
signed to the project.
team velocity | A measure of delivery speed | Float ~2 - 50
(e.g., story points completed per
sprint).
technical Estimation of long-term main- | Float 0— 146
debt tainability problems (scale or
score).
sustainability | Indicates whether sustainabil- | Categorical | Yes, No
practices ity principles (e.g., automation,
adopted green hosting) were applied. Val-
ues: Yes or No.
defect re- | Number of bugs or issues reported | Integer 1-19
ported during testing or production.
rework hours | Total time spent fixing bugs or re- | Float 0-78
doing parts of the system.
customer sat- | Score reflecting client satisfaction | Float 4-10
isfaction post-delivery (scale 1-10 or per-
centage).
budget Total budget allocated for the | Integer 3,168 — 464,224
project. (USD)
delivery de- | Number of days the project was | Float -34 to +14
lay days delayed beyond the planned dead-
line. Negative means early deliv-
ery and positive means delay.

These parameters were selected to reflect both project performance and sustainabil-
ity impact, allowing a comparative analysis of different development approaches. By
structuring the data in this way, the analysis in the following sections can examine the
influence of methodology and sustainability integration on key indicators such as quality,
cost, and delivery time.
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4.2 Prediction Objectives

The goal is to evaluate how adopting Scrum and sustainability-oriented practices may
influence key project outcomes. To do this, four main metrics were selected as prediction

targets, each aligned with one of the pillars of Sustainable Software Engineering;:
Table 4.2 summurizes each prediction target and SSE pilars.

Table 4.2: Prediction Metrics and Sustainability Dimensions

Metric

Description

Sustainability Pil-
lar

Team Velocity

Measures how much work the team
completes over time. Reflects produc-
tivity and delivery rhythm.

Social — team well-
being and flow

Technical Debt

Represents accumulated shortcuts in

Technical — long-term

code quality or maintainability. maintainability

Rework Hours Time spent fixing bugs or repeating | Environmental — re-
work due to earlier errors. Indicates | source and energy ef-
process inefficiency. ficiency

Customer Satisfaction

Measures the perceived value and us-
ability of the delivered product.

Economic — value de-
livery and stakeholder

satisfaction

These indicators provide a balanced view of project performance while linking back to
SSE concerns such as resource efficiency, team sustainability, and user-centered develop-
ment. By predicting these values based on methodology and sustainability actions, we can
estimate the practical benefits of transitioning to Scrum and integrating eco-responsible
practices.

4.3 Data Processing

To ensure reliable and consistent results, the dataset was preprocessed using the Orange
Data Mining platform. This step was essential to prepare the data for machine learning
by addressing common quality and formatting issues automatically. As shown in Figure
4.3, Orange provides several preprocessing options that are applied in the background or
selected manually when needed.

% Preprocess - Orange - 0 X

Preprocessors Normalize Features X

<= Discretize Continuous Variables &

Standardize to p=0, o°=1
s2= Continuize Discrete Variables @ ¥

[d Impute Missing Values O Center to p=0
4 Select Relevant Features
7 Select Random Features

. Normalize Features

() Scale to o®=1
() Normalize to interval [-1, 1]

(O Normalize to interval [0, 1]

% Randomize

Remove Sparse Features
» Principal Component Analysis
% CUR Matrix Decomposition v

Figure 4.1: Automatic data preprocessing in Orange
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In our case, the platform automatically managed missing values by either imputing them
or removing incomplete rows, depending on the severity of the gaps. It also filtered out
low-variance or redundant features to retain only those most relevant for prediction. As
shown in Figure 4.1, numerical features were normalized to follow a standard distribution,
with a mean of 0 and a standard deviation of 1, ensuring fair treatment of variables during
model training. Additionally, Orange excluded irrelevant or inconsistent columns based
on internal rules, further improving data quality and uniformity.

This automated data cleaning ensured that all predictive models were trained on consis-
tent and high-quality inputs, reducing the risk of overfitting, bias, or poor generalization.
The process contributed to improving model accuracy and fairness by minimizing the
influence of noise or outliers in the data.

4.4 Model Selection and Evaluation

To predict the outcomes of Scrum adoption and sustainability practices, a supervised
machine learning approach was applied using the Orange ML platform. Four different
regression models were tested: AdaBoost, k-Nearest Neighbors (kNN), Linear
Regression, and Support Vector Machine (SVM). Each model was trained and
evaluated using the same dataset, and their performance was compared based on common
error metrics [13, 38].

R

Model MSE  RMSE MAE MAPE R2
AdaBoost 1484 1.218 0572 0.097 0.777
kNN 4768 2.183 1.658 0.286 0.284
Linear Regression 5836 2416 2.08c 0.353 0.124
SVM 6.333 2517 1.903 0.363 0.049

Figure 4.2: Comparison of Regression Models

The workflow in Figure 4.3 shows how Orange was used to configure, train, and test
the models. The dataset was connected to multiple learners, followed by a “Test and
Score” block to compare performance. The best-performing model was then connected to
a prediction widget to simulate real project scenarios.

Among the tested models, AdaBoost clearly outperformed the others (see Figure 4.2),
achieving the lowest Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and
Mean Absolute Error (MAE), along with the highest R? score of 0.777. This indicates
that AdaBoost explained approximately 78% of the variance in the outcome variables,
making it a reliable choice for prediction in this context [13].

Based on these results, AdaBoost was selected as the final model to simulate the

impact of methodological choices and sustainability practices on key project outcomes,
including team velocity, technical debt, customer satisfaction and rework hours.

45



S1Nsay Jwolny

(1) 21025 pue 153]

MNMNA

LE N
MAS
<
@
o %
u__m,m_;__. .L_m_ "
b
) _.u_..u_.uQ
Eleg
%) 1500gepy
)
= 0
Jm!
% m o
- &

uoissaibay Jeaur

patd

BlED

Figure 4.3: Models Testing Workflow Using Orange DM

46



4.5 Prediction Results Analysis

To evaluate the impact of integrating Scrum and sustainability practices, two simulated
project instances were compared using AdaBoost model, see Figure 4.4. Both instances
share similar parameters, including team size, project scope, and duration. The only
differences lie in the development methodology (Waterfall vs. Scrum) and the adoption
of sustainability practices (Yes vs. No). So the before instance include (Waterfall,No)
pair, and the after instance includes (Scrum,Yes) pair.

g,
'&"ﬁ Od‘?-"l% N
| | Z pf@d’t‘ Selected Predictions
s — Data Subset —

AdaBoost

data B
Predictions Prediction

Data

N

predicted instances

Figure 4.4: AdaBoost Workflow

This controlled comparison helps isolate the effects of these variables on key outcome
metrics. We compared the project’s performance before and after their integration. The
table below presents the evolution of four key indicators mapped to sustainability pillars.

Table 4.3: Key Performance Metrics: Before and After Scrum + SSE

Metric Before | After | Scale | Change (%)

Customer Satisfaction 7.0 9.0 0-10 +28.6%

Technical Debt 81.0 61.3 | 0-146 —24.3%

Team Velocity 26.0 36.0 | 0-50 +38.5%

Rework Hours 42.0 37.0 | 0-78 —11.9%
Interpretation:

e Customer Satisfaction increased by nearly 29%, showing a positive impact on
perceived product value and client alignment.
e Technical Debt dropped by over 24%, reflecting cleaner code, fewer long-term
issues, and improved development discipline.
e Team Velocity saw a 38.5% improvement, indicating higher productivity and
better task planning under the new workflow.
e Rework Hours were reduced by nearly 12%, showing improved first-time quality
and better early-stage feedback handling.
To better illustrate the impact of the applied methods, the following Figure 4.5 presents
the percentage change observed across the four selected outcome metrics. Improvements
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in customer satisfaction and team velocity demonstrate a more collaborative and efficient
working environment, while the reductions in technical debt and rework hours reflect
enhanced code quality and reduced waste. These results confirm the positive contribution
of Scrum and sustainability-oriented practices in strengthening both project performance
and long-term maintainability.

SSE Metrics Improvement

B costumer satisfaction  mtechnicaldebt ®teamwvelocity ™ rework hours

Figure 4.5: Improvement of SSE Metrics After Scrum & Sustainability Integration

Overall, the integration of Scrum and sustainability principles resulted in measurable
improvements across technical, economic, and social performance indicators.

4.6 Limitations

Several limitations were encountered during this study, which should be considered when
interpreting the results:

e Lack of Real Project Data and Use of Synthetic Dataset: Due to confi-
dentiality constraints and gaps in documentation, no operational or performance
data could be obtained from the internship host company. As a result, a synthetic
dataset was created to simulate realistic project scenarios. While this dataset was
carefully designed to reflect diverse development conditions, it remains artificial
and may not fully capture the complexities and nuances of real-world software
environments.

e Unsuccessful BPMN Simulation: An attempt was made to simulate the pro-
cess using BPMN modeling tools, but the effort did not yield usable results. The
primary obstacle was the absence of detailed time logs or measurable transition
data across phases.
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e Restricted Access to Internal Documents: Documentation related to code
quality, deployment metrics, or resource usage was either unavailable or outdated,
limiting the possibility of conducting data-driven analysis based on actual project
flow.

e Simplified Assumptions: Several assumptions were made to complete the sim-
ulation, including fixed velocity for Scrum teams and uniform effort distribution
across roles. These simplifications, while necessary for modeling, reduce the preci-
sion of predictions.

These constraints limit the generalizability of the findings. However, the exercise remains
valuable for illustrating how sustainability indicators can be modeled and analyzed when
integrated with agile practices.

4.7 Conclusion

The results presented in this chapter demonstrate clear improvements across key metrics
when Scrum and sustainability-oriented practices are applied. Team velocity increased, re-
work hours and technical debt decreased, and customer satisfaction improved significantly.
These gains reflect the advantages of iterative development, early feedback integration,
and better resource alignment.

Despite the simplified nature of the dataset, the simulation provides strong initial evi-
dence supporting the use of modern, sustainable methodologies. It also shows that even
synthetic modeling can offer meaningful insights when real-world data is scarce.

This experimentation confirms the potential of predictive analytics in software engineer-
ing and opens new opportunities for integrating sustainability metrics into agile project
evaluation.
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General Conclusion

This thesis explored the integration of Sustainable Software Engineering and engineering
methodologies within a simulated e-commerce development project, aiming to improve
both technical and sustainability outcomes in software processes. Through a combina-
tion of bibliographic study, process diagnosis, and implementation, the study provided
a structured response to common inefficiencies encountered in traditional development
models.

The bibliographic review established the theoretical foundation of SSE, identifying its key
pillars: environmental, economic, social, and technical, and mapping relevant tools like
Scrum, Kanban, Value Stream Mapping, and LCA to the SDLC. In the case study at
Icosnet, the existing Waterfall model was analyzed using diagnostic tools such as SWOT,
Ishikawa, and 5 Whys. These tools revealed process rigidity, lack of automation, delayed
client feedback, and missing sustainability indicators as major weaknesses.

To address these gaps, a new SDLC structure was proposed using Scrum as the core
delivery framework. The simulation covered sprint planning, execution, and retrospective
cycles, with adaptations to reflect internal team realities. The iterative model improved
client collaboration, increased flexibility, and opened the door for sustainability actions
such as improved testing discipline and better resource allocation.

Chapter 4 extended the contribution by evaluating the simulated project’s performance
through a predictive machine learning model based on synthetic data. Using Adaboost,
key outcome variables: team velocity, technical debt, rework hours, and customer sat-
isfaction, were analyzed before and after the integration of Scrum and SSE principles.
Results showed measurable improvements in all metrics, validating the potential impact
of such practices even in a simulated setting.

Due to limited access to real company data and project KPIs, synthetic data was generated
to model the scenario. Tools like BPMN simulation were also explored, but could not be
used effectively due to insufficient process data. Nevertheless, the experiment confirmed
the potential of combining Agile thinking with sustainability indicators to create more
adaptive, efficient, and responsible development workflows.

Beyond the simulation, this study suggests that sustainable software engineering is not
limited to environmental factors, it is a holistic mindset that supports continuous im-
provement, team alignment, and value delivery. Future work could apply these findings
to real-world projects, expand the use of sustainability metrics, and refine the prediction
models using live project datasets.
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This thesis contributes to the growing body of knowledge on sustainable digital practices
in Algeria, highlighting that local companies like Icosnet can benefit from lightweight,
structured improvements that bridge performance and sustainability.
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Appendix A : Business Model Canvas BMC

The Business Model Canvas (BMC) provides a structured and comprehensive view of the
strategic positioning of the e-commerce platform within the Algerian market. Each com-
ponent of the canvas reflects a deliberate choice that aligns with the project’s objectives

and ICOSNET’s digital strategy :

Table 1.4: Business Model Canvas

Key Component

Details

Customer Seg-
ments

Primary Market: Algerian men seeking high-quality, stylish
clothing online. Looking for premium but affordable brands.

Value Proposition

For Consumers: High-quality, stylish men’s clothing with fast,
reliable delivery and flexible payment options.

Channels Digital Storefront: A web and mobile-optimized e-commerce
site.
Social Media & Marketing: Facebook, Instagram, TikTok cam-
paigns, influencer collaborations.

Customer Rela- | Customer Support: 24/7 chatbot, email, and phone assistance.

tionships

Personalized Shopping Experience: loyalty programs, exclusive
discounts.

Revenue Streams

Direct E-Commerce Sales: Selling products online.
Limited Edition Drops: Exclusive, time-limited collections to
create urgency.

Key Resources

Technology: Cloud-based e-commerce system.

Brand & Inventory: High-quality men’s fashion products, stock
management.

Human Resources: Development team, digital marketing spe-
cialists, customer support.

Logistics Partnerships: Local integrations for delivery effi-
ciency.

Key Activities

E-Commerce Platform Management: Ensuring site stability,
updates, and security.

Order Fulfillment & Customer Service: Managing deliveries,
returns, and customer engagement.

Key Partnerships

Fashion Suppliers: Sourcing and manufacturing high-quality
products.

Financial Institutions: Payment processing partnerships.
Delivery Services: Agreements with third-party logistics
providers.

Cost Structure

Technology Infrastructure: Server costs, API integrations, pay-
ment gateway fees.
Operational Costs: Salaries, inventory management.
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Appendix B : Scrum Framework

As part of the project documentation, this appendix includes a comprehensive Scrum
cheat sheet [1]. The goal of this reference is to provide a clear and accessible summary of
the Scrum framework as applied throughout the development of the e-commerce platform.
This cheat sheet includes the main components of Scrum, such as:
e The three core roles: Product Owner, Scrum Master, and Development Team.
e The five Scrum events: Sprint, Sprint Planning, Daily Scrum, Sprint Review,
and Sprint Retrospective.
e The three artifacts: Product Backlog, Sprint Backlog, and Increment.
e Estimation techniques such as Planning Poker, Story Points, and T-shirt
sizing.
e Workflow tools like Burn Down Chart, Burn Up Chart, and Definition of
Done.
e Key principles such as transparency, inspection, and adaptation.
This cheat sheet served as a practical guide for the team throughout the simulation of the
Scrum process. It helped align all members on common terminology, clarified processes,
and supported decision-making during Sprint events. For a team operating in an academic
context, especially one composed of junior developers and interns, this document proved
essential in reinforcing Agile discipline and consistency.
Including it in the appendix ensures that any reader or evaluator can easily understand
the Scrum structure that was followed, and how it guided the management and execution
of the project from Sprint 0 to delivery.
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Appendix C : Roles organization in Scrum

This appendix presents the role organization within the Scrum framework, based on the
Scrum Body of Knowledge (SBOK) [41] and adapted to the structure of this project. It
provides an overview of how responsibilities are distributed among different team mem-
bers, which is essential for understanding the collaborative and iterative nature of Scrum.
Scrum roles are categorized into two main types:
e Core Roles: These are directly accountable for delivering the product.
— Product Owner (PO) — Represents the customer, defines the Product Back-
log, and ensures the team delivers value aligned with business priorities.
— Scrum Master (SM) — Facilitates the Scrum process, ensures adherence to
Agile principles, and removes any obstacles that may affect progress.
— Development Team — A cross-functional, self-organizing group responsible
for delivering potentially shippable increments at the end of each Sprint.
e Non-Core Roles: These may be involved in the project but are not part of the
Scrum Team.
— Stakeholders — Include users, customers, or executives who provide feedback
and contribute to defining high-level requirements.
— Vendors — External parties who provide products or services required during

development.
Scrum Core Team
Scrum
Master
Product
Owner
Customer / - .
Stakeholder
The Prod_uct Owner The Scrum Master
The Customer communicates the ensures a proper
provides his/her prioritized business work environment for
requirements to the requn.lr_ements to the Scrum  the Scrum Team.
Product Owner. eam. creates the
Vaic oF Prioritized Product
the Backlog, and defines the
Cust itar
& ustomer Acceptance Criteria. Scrum Team
The Product Owner ..
A delivers business <
1 value to the
: Customer through : The Scrum Tezg'
| Incremental Product _ demonstrates product
1 increment to the Product
| Releases : :
| Owner during the Sprint
: Review Meeting. The Scrum Team
! creates the
: Deliverables of the
"""""""""""""""""""""""""""""""" Project.

Figure C.7: Scrum Roles
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Appendix D : Dataset sample

To support the evaluation of the proposed methodology, a synthetic dataset was con-
structed, reflecting realistic scenarios inspired by the simulated e-commerce case study.
The dataset contains project-level information across various development contexts, com-
paring traditional (Waterfall) and Agile (Scrum) methodologies, with or without the in-
tegration of sustainability practices. Each entry simulates a full software development
project with defined input variables (e.g., team size, methodology, sustainability actions)
and outcome metrics (e.g., team velocity, customer satisfaction, technical debt).

The sample shown below illustrates a subset of this dataset. It includes both categorical
and numerical variables, such as project methodology type, defect rates, rework hours,
and delivery delays. These entries were designed to reflect variability in project condi-
tions while controlling for factors like domain, duration, and budget scale. This allowed
the machine learning models (explained in Chapter 4) to detect patterns in project out-
comes, assess the impact of Scrum and SSE, and predict improvements with reasonable
generalization.
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Appendix E : Planning Poker Estimation Technique

What is it: Planning Poker, sometimes called Estimation Poker [41], is a team-based
method used in Agile frameworks like Scrum to estimate the relative size or complexity of
user stories. Inspired by the Wideband Delphi technique, it helps teams reach consensus
while avoiding the influence of strong opinions or early bias. The technique encourages
discussion, improves shared understanding, and supports more accurate planning deci-
sions.

How it works: Each team member is given a set of numbered cards, typically using a
scale such as 1, 2, 3, 5, 8, 13, and so on. These numbers do not represent exact time
in hours but rather relative effort or complexity. Once the Product Owner explains the
item to be estimated (usually a user story or a task), team members may ask clarifying
questions to better understand the work involved. Then, without discussing estimates
openly, each participant selects a card privately based on their personal judgment.

All cards are revealed simultaneously. If all team members choose the same number, the
estimation is considered accepted. However, when there are significant differences, the
team discusses why certain members chose higher or lower values. This discussion often
uncovers hidden assumptions or overlooked aspects of the task. After the discussion, the
team votes again. This cycle can be repeated until the group reaches agreement or selects
a value that reflects a reasonable average.

Why it is useful: By combining independent thinking and group discussion, Planning
Poker helps prevent groupthink and allows everyone’s opinion to be heard. It also supports
more realistic estimates by encouraging conversation around the uncertainty and risks of
each item. The method is especially effective in small agile teams where collaboration,
communication, and collective ownership are valued. It is a simple yet powerful way to
improve estimation quality and strengthen team dynamics.
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